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1. lNmmmnm 

1.1. General 

The aim of Legume Rcqrarn is to encourage and w r t  national efforts, in 

West Asia and North Africa (N4tR) and other developing countries with 

similar ecolqies, in inproving the prhctivity and yield stability of 

-1-season food legumes (lentil, chickpea, £ a h  bean and dry pea) and 

annual feed lqmes (vetches and chicklings) and enhance their role in 

increasing the sustainable productivity of cereal-based, rainfed fanning 

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

The process of devolution of ICWDA's faba bean ipmement research 

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

research supply, laboratory facilities and field equipnent to the faba 

bean improvement team of INRA at buyet Research Station near Fes. The 

Federal Ministry cf Econanic Cooperation (HI, Germany approved a 

financial grant for the 'North African Faba Bean Improvement Research 

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

Africa. The G e m  Agency of Technical &operation (GTZ) was designated 

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

lead role in the ccordination of netmrk activities. At the request of 

and the fund support £ran GTZ, a mrkshop was organized by 1- at Tunis 

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

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

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

participated in this mrkshop along with representations from GTZ and 

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

was held in August 1992 in Morocco. GTZ has appointed a network 

ccordinator to mrk closely with INRA, Morocco faba bean team in ensuring 
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iql-tation of agreed wrkplan. 

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

research efforts on legumes adapted to dry envimments were increased. 

LP researchers worked with scientists f m  other programs as well as the 

national program scientists in dtidisciplinq tesms. Research m 

kabuli chickpea was d c t e d  jointly with the International Crop Research 

Institute for the Semi-Arid Tropics (ICRISAT), which has posted a 

Principal Chickpea Breeder at ICARDA. Qllahration with institutions in 

the industrialized countries on basic research continued. 

During the season there were several staff m t s .  'The Senior 

Training Scientist left the Program in April 1992 to join the 

Intemational Center for Research in Agzmforestry (ICRAF) . The Principal 
Chi- 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 Legme Breeder retuned f m  sabbatic 

leave in July 1992. 

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

was minly centered at the Tel Hadya site of ICARDA, but gccd use was also 

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

(Kf- and Terbl). Sumer nurseries wsre 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 mterial with specific 

resistance to sam key biotic and abiotic stresses because of the presence 
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of ideal sc- &tiom there. 

1.2. Weather Ccrvlitians 

The heather amflitions during the season a t  the ICARDA s i tes  in Breda, Tel 

Ham, Jinderess and Te&l are depicted i n  Section 11. The long-tenn 

average seasonal total  rainfall a t  these s i t es  is 280, 350, 470 and 600 

mn. Wing the 1991/92 season the tota l  seasonal precipitation received 

was around the long-term average in Syria but ahme-average a t  T e r b l  with 

263, 353, 428 and 860 mn received a t  the end of June a t  BE&, Tel Hadya., 

Jinderess and Terb l ,  respectively. The rainfall a t  Jinderess was  on the 

lower side. Also the distribution of rainfall a t  Tel Hadya w a s  not ideal: 

nearly 310 mn was  received till end of February and the min ing  43 mn 

during the la te r  period; th i s  adversely affected the proctuctivity of the 

spring chickpa. The winter i n  1991/92 was colder than average with 63, 

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

T-1, respectively. The minimum temperature dmppd to  -8.E°C a t  Tel 

Hadya, which permitted good screening of l e v  material for cold 

tolerance this season. The r ise  of temperature was rather shaq fran end 

of March a t  a l l  Syrian s i t es  accentuating open-pan evapration and drought 

stress. 

1.3. Achievenents 

A sumoary of the mjor  achievemats of the program in  research, training 

and netmrking activit ies during the 199/92 season in given below: 

1.3.1. K a l a i i i  Chickpea 

Yields of chic- are low and unstable in M, but improvemt is 
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possible through the adaption of winter sowing in lcw altitude regians. 

'kids at three 1- sites (Tel Hadya, Jinderess and Terbol) for nine 

years i1983/84 to 1991/92) with mre than 100 newly bred lines per year 

have shown that winter-sown chickpea p d c e s  61% or 616 kg/ha higher 

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

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

expanding in WWA with the area estimated at 65,000 ha for 1991/92. 

National programs have mde @ use of ICAF!DA enhanced germplasm. 

Seven cultivars including one in France ( R q e  Rene), The in ~ m c o  

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

92, I d r  92 and Menem 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 

germplasm lines, that high yielding susceptible lines p m c e d  zero yield 

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

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

W h a .  

Asccchyta blight-resistant lines dining high yield and early 

maturity (FLIP 90-98C, FLIP 91-22C, and FLIP 91-460 and high yield and 

large-seed size (FLIP 91-2C, FLIP 91-24C, FLIP 91-50C, and FLIP 91-54C) 

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

to cyst newatode from Cicer retimlatum and to cold from Cicer 

e c h s c e m  and C. retidatum, to cultivated species, progress 
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made until 1992 suggests that in three years tine, gene transfer is 

cqected. A simple, reliable field screening technique for evaluating 

germplasm lines to drought tolerance has been develaped. Muation of 

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

FLIP 87-58C were drought resistant. 

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

marker techniques for variety identification, in following the resistance 

to Ascochyta blight, and for studying variability in Ascochvta rabiei. 

Studies on the components of host resistance to Ascochyta blight have 

shown presence of different ~nechanisms of resistance in different 

genotypes. Variations in latent period, prulation, lesion expansion 

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

a chickpea cultivar when disease epidemics develop. 

Chickpa entamlogy studies s M  that winter-sown chic-a had low 

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

reverse was true. Neem extract effectively reduced darage from pod brer 

and leaf mining. Parasitoides of leafminer were present in high n&rs 

when leafminer populations peaked. Studies on mechanism of resistance 

shewed that munt of mlic acid in leaf exudates and leaf area were 

related to resistance. 

The proportion of plant nitrogen coming from qnrhiotic nitrogen 

fixation increased when the chic-a plants were inoculated with superior 

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

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

1.3.2. Lentil 

Average lentil yields are lau because of poor crop mnagernent and the low 

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

major constraint to pdction. Accordingly an integrated approach to 

lentil improvemmt is being pursued -ring devel-t of improved 

technology and genetic stocks. ppprmcimately 250 crosses are made 

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

advanmt at Terbol. Segregating mations targeted for the different 

regions are distrhted to national programs for selection and cultivar 

developnent in situ. A total of 27 cultivars have keen registered by 

national prqram in 20 countries so far, of which tvm were registered 

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

nultiplication or on-fm trials: 15 in the Mediterranean region, faur in 

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

Argentina, five in Australia and two in China. 

A screening methcd has been develop3 in the field using a wilt-sick 

plots and genotypes identified w i t h  resistance to the Fusarium wilt 

disease. Sources of resistance identified are behg disseminated to NARSs 

in the International Legume Testing Netwrk. Sane of the sources of 

resistance have a high yield potential in lowland Mediterranean 

environents and are in joint tests with the national prcgram on famem' 

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

resistance to -a blight has revealed that lines ILL 358 and ILL 

5684 are resistant at rmst of the locations and could be used in the 
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breedkg program. Studies have ken initiated for developing s a e n h g  

techniques for cold-hardiness in mlkhration with the Turkish national 

P W .  

Evaluation of 121 wild lentil accessions for different agmnanic 

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

orientalis that were faster to £1-r and mture than the earliest 

cultivated check ILL 4605. This precocity will be of value in the c ~ l ~ p  

inproverrent wrk. 

In a collaborative project with the Washirigton State university, RAPD 

(randcm anplified plyrrorphic Dt4)- markers are kkg used to establish 

linkage to agroncmic traits. DNA-fingerprint- is bekg used for 

detecting -clonal variations in the plantlets derived from notherplant 

by tissue culture. 

Studies on qmbiotic nitrcgen fixation revealed that at l m r  noisture 

supply, lentil had a large pmportion of its total nitqen m from 
fixation than chickpea. As the noisture supply was raised to attain high 

yield levels the percentage of plant nitrogen ccming fxun fixation 

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

observations reinforce the regional practice of lentil under the 

drier envimmts, and s w i t c h m g  to chickpa when rainfall increases to 

around 400 mn. Results from dti-location tests confirmed the 

effectiveness of kcmet seed treatment for control. The results 

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

Lkvelopment of forage legume niltivars as an emnomic alternative to 

fallow for use in mtation with barley in drier areas received the mjor 

errphasis in this project. Narbn vetch and c m n  chickling, proved mre 

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

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

263 mn. Progress was made in incorporating shattering resistance in 

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

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

Studies on breeding for reduced neurotoxin (BOAA) content in m n  

chicklings continued. 

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

plant shanied the p d s e  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 Moroccan 

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

c m n  vetch (709/2603! for the catalogue trial and the Jordan national 

program a c m n  vetch (715) as prdsing for prerelease dtiplicatim. 

A siuple field method of screening crops and genotypes for drought 

resistance with two drought intensities createdby supplemental irrigation 

was found effective in discriminating drought tolerance mngst forage 

legume species and cultivars. Amngst the feed and food legumes tested, 

narbon vetch was most drought tolerant. The B! content in chickling 

increased as the intensity of drought increased. 
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Screening of premising forage legme accessions against foliar 

diseases helped in the identification of 4 lines of narbn vetch swing 

resistance to m e r y  mildew and Botrytis blight. Also resistant sources 

for cyst nemtode were identified in Vicia sativa and y. Mrida. Sitona 

crinitus caused 75% nodule damage in Vicia villosa ssp. d a s v c a  at two 

locations in northwest Syria. Seed treatmnt with mtrxnet increased seed 

and biamss yield. 

1.3.4. Dry Pea 

Sixty-one new accessions were evaluated in the preliminary yield trial at 

Tel Hadya and Terbol and the best entries were advanced to the Pea 

International Pdaptation Trial. EMluation of cold tolerance of 438 lines 

at Tel Hadya, where the prevailing weather conditions were ideal for cold 

tolerance screening, revealed that 31 lines were tolerant and presence of 

anthocyanin pigmmtation was generally associated with cold. 

1.3.5. aternatid Nurseries 

Atotal of 1050 sets of 34 different nurseries 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 quantityof 

seed of elite lines, identified by them from the international 

nurseries/trials, for on-fann verification trlals. 

. . 
1.3 -6. Trauung and Networking 

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

training courses, besides the in-country and sub-regional training 

courses. Specialized courses at ICARDA included: 'Disease Control', 
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'Insect Cbntrol' , 'Prtvanced B r e e d k g  Methodulcyies , 'mchmical 

Harvesting' and 'ENA blecular Marker Techniques'. In-country and 

subregional courses covered 'Winter Chickpea Technology Transfer' in 

Algeria, ' L q m e  Seed Pnduction' in Egypt, 'Use of Conputer in Breeding1 

in Turkey, 'Ccmputer Application in Wltilocatim Test-', in Egypt, 

'Lentil and Chickpea Proctuctim Technolcgy' in Turkey and 'M legme 

Inpmvemt' in Lekrmn.  A total of 206 participants received trainkg in 

the inprowsent of lentil, chi-, fakn bean, pea, vetches and 

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

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

research in the -am. 

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

and Turkey. Joint training, travelling workshops and r e g i d  

mrdination meetings enhanced interaction and encouraged netmrking. 

A mrkshop on the 'Adaptation of Qlickpea in WNA' was organized at 

I-, 9-12 Nxemkr 1992, in which scientists f m  eleven n a t i d  

programs in hlANA participated. The proceedings will be published. The LP 

was also heavily involved in organizing the 2nd International Rcd legme 

Research Conference, 14-16 May in Cairo, Egypt. 



The kabuli chickpea irprovemsnt is a joint prcyram with ICRISAT Center, 

India. T h e  min objective of the p q a m  is to increase and stabilize 

kabuli chickpea production in the developing mrld. Of the four min 

regions where chickpea is g m m ,  the Mediterranean region and Latin 

Amrica produce mstly katdi-type chickpea. Five to ten percent of the 

area in the other t w  min production regions (Indian subcontinent and 

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

Asia-North Africa (W4R) region kabuli chickpea is also grown in high 

elevation areas (>lo00 m above sea level) especially in Wkey, Iraq, 

Iran, Afghanistan and the Atlas -taints. Ascochyta blight and Fusarim 

wilt are the t w  mjor diseases of chickpea. Leaf miner in the 

Mediterranean region and pod borer in other regions are mjor insect 

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

based farming system in areas receiving ktwen 350 m and 600 mn annual 

rainfall in WANA. In Egypt and Sudan and parts of South Asia, West Asia 

and Central Amsrica, the crop is grown with supplemental irrigation. 

In M, where the crop is currently spring-sown, yield can be 

increased substantially by advanckg swing date from spring to early 

winter. There are indicaticms that increasing plant density and reducing 

row width also increase yield significantly, especially during winter 

sauing. Winter s u v i q  allchis the chickpea crop to be harvested by 

machine. Major efforts are underway to stabilize chickpa productivity by 

breeding cultivars resistant to various stresses, such as diseases 

(Ascochyta blight and FUsarium wilt), insect pests (leaf miner and pod 



12 

borer) , other parasites (cyst nematode and Omknche crenata Forsk. ) , and 

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

collect basic infomtim for generating input-responsive cdtivars, 

especially those which respond to application of phosphate fertilizer and 

supplemental irrigation. Exqloitation of wild Cicer species for transfer 

of genes for resistance to different stresses is also receiving high 

priority. DNA fingerprinting for studyingvariability in Ascochvta rabiei 

is another piece of research being pursued with great p d s e .  

During 1992, several collaborative projects operated. In the project 

"Cevelapment of chickpea germplasm with ccmbined resistance to Ascochyta 

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

institutions collaborated with ICARDA. The screening for cyst nemtde 

was carried out in association with the Istituto di Nematologia Agraria, 

C.N.R., B a r i ,  Italy. FUsarium wilt resistance screening was done in 

association with the Departawnto de Patologia Vegetal, Cordoba, Spain and 

INRAT, Tunisia. Screening for tolerance to cold was done in cooperation 

with agricultural resear& institutes in Turkey. Genetics of phosphate 

uptake was investigated in association with the Vniversity of Hohenheim, 

Gemany. A program on mutation breeding was conducted jointly with the 

Nuclear Institute for Agricultural Biology, Faisalabad, Pakistan. The 

University of Saskatchewan, Canada is collaborating in studies on genetic 

diversity in kabuli chickpea. Studies on mechanism of drought and cold 

resistance and some aspects of biological nitrogen fixation are being 

conducted in collaboration with I=, Montpellier, France. Studies on 

leaf miner resistance and application of restriction fragment length 
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plymrphism (RFLP) in characterizing chickpa genotypes and Ascochvta 

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

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

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

Syria. 

2.1. Chidpea Breeding 

The objectives of tne breeding are to (1) produce dtivars and genetic 

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

materials for crossing programs to supprt National Zqridtural Research 

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

germplasm improvement. Specific objectives in the developnent of irrp3med 

germplasm for different regions are: 

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

blight, tolerance of cold, suitability for mchine harvesting, d u r n  

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

tolerance at seedling stage, resistance to Ascochyta blight and 

F'usarium wilt, tolerance of drought, early maturity, medium to large 

seed size (30% of resources) ; 

2. Indian subcontinent and East Africa: resistance to Asccchyta blight 

and/or Fusarium wilt, drcught tolerance, early maturity, small to 

medium seed size, response to supplemental irrigation (20% of 
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3. Latin m i c a :  resistance to Fusarium wilt, m t  rot and viruses, 

large seed size (5% of resources) ; 

4. Kish elevation areas: for spring sowing, cold tolerance at seedling 

stage, resistance to Ascochyta blight, terminal droqht tolerance, 

early maturity, and medium to large seed size (15% of resources). 

K.B. S w  

2.1.1. U s e o f  XupmdGernp~byNFhRSs 

2.1.1.1. lhternaticaal nurseries a d  breediag linea 

I X l r i q  1992, based cn specific requests, 20578 chic- entries were 

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

furnished to the developing -tries and the mining 17% to the 

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

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

T h e  demand for international nurseries increased by 11%, indicating the 

usefulness of the chickpea mterial to NARSs. Overall, 14% mre entries 

wre supplied over 1991. Despite our encouragement to national p?xgraw 

to accept rmre of segregating and crossing block mterials, the derrand for 

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

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

ka.buli-chickpa network is wll established ammg chickpea scientists. 

K.B. Sizqh, R.S. Ndlmtra ani3M.C. Saxena 



Teble 2.1.1. Kmker of entries fuIllished in the form of international 
yield trials and nurseries and breeding lines during 1992. 

-try Trial and nursen, Breeding Total 
No. of sets of k. of line entries 
trial/nurserv entries (no. ) (no. I 

Afghanistan 5 223 - 223 
=&ria 
Argentina 
Australia 
Bahrain 
Bhtan 
Bolivia 
Bulgaria 
Canada 
Chile 
Olina 
Coldia 
CLp- 
EWpt 
Ethiopia 
France 
Greece 
India 
Iran 
Iraq 
Italy 
Japan 
Jordan 
Kenya 
Kuwait 
Lebanon 
Libya 
Mexico 
mIOCc0 
Nepal 
New Zealand 
aml 
Pakistan 
Peru 
Fortugal 
Rwsia 
Saudi Arabia 
South Africa 
spain 
Srilanka 
Sudan 
Syria 
Thailand 
Tunisia 
Turkey 
U.S.A. 
Total 



2.1.1.2. On-farm trials 

chickpea lines were selected by the Directorate of Agriculture and 

Scientific Research (DASR), Ministry of Agriculture and ?grarian 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 w e l l  as resistance to As&a 

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 

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

larger seed size, the attribute in great demd in the WAW+ region, and 

have tall growth habit facilitating d i n e  harvest, an inprtant 

attribute for a large scale introduction of winter chickpea. 

Table 2.1.2. Seed yield and scme other characters of chickpea entries in 
the on-fann 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 H a d y a .  

mtry Seed yield 100-seed Plant Days to Protein Asccchyta Cbld 
(kgjha) weight height fl-r content blight sne 

(g) (ml (m.) (%) E K ~ F  

FLIP 86-5C 20 84 46 54 142 20.0 RT 
FLIP 86-6C 19 77 41 51 132 19.8 RT 
Ghabl 19 25 27 38 128 20.3 FRT 
Ghab3 19 31 29 43 131 20.2 RT 
Location 13 10 13 10 8 



The ImISAT-ICARDA Kabuli Chickpea Project was involved in the 

conduct of on-farm trials m many countries including Algeria, Iraq, 

JonJan, -on, Morocco, Tonisia, and Turkey. G u r  involverrent varied 

f m  full involvement in the conduct of trials (e .g.  Lebanon) to only 

provid- advice (e.g. Turkey). Results have been encouzaging as is 

clear fran a large number of release of cultivars and their adoption. 

NARSs scientists and K.B. S h g h  

2 .1 .1 .3 .  Pre-release dt ipl icat im of cultivars 

Fifty-two lines have ken chosen by 14 NARSs from the ICRISAT/ICARDA 

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

tests (Table 2.1.3) . Barring three selections from germplasm 

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

Country Line 

Afghanistan 

Algeria 

China 
C\/pms 
Egypt 
Iraq 
Jordan 
Lebanon 
Libya 
Mexico 
mrocco 
Syria 
Tunisia 
Turkey 

I LC  482, FLIP 81-293C, FLIP 82-150C, FLIP 83-46C, FLIP 
84-15C, FLIP 84-92C 
FLIP 83-49C, FLIP 83-71C, FLIP 84-109C, FLIP 84-145C, 
FLIP 85-17C, 75TH 101-2, BOTH 177 
FLIP 86-41C 
FLIP 85-lOC 
ILC 202, n;? 80-36c 
FLIP 81-265~, nI? 82-142~, nIP 82-169~ 
ILC 496, FLIP 84-15C, FLIP 85-5C 
FLIP 85-5C. FLIP 84-15C -- 

ILL 484, FLIP 84-75C, FLIP 84-53C, FLIP 84-144C 
ILC 482, FLIP 81-253C 
FLIP 84-145C, FLIP 84-182C 
FLI? 83-98C, FLIP 84-15C, FLIP 86-5C, FLIP 86-6C 
FI,IP 83-47C - - - - - - - - 

FLIP 81-70C, FLIP 82-74C, FLIP 82-161C, FLIP 82 -269C, 
FLIP 84-15C, FLIP 83-31C, FLIP 83-41C, Fr,IP 83-47C, 
FLIP 83-77C, FLIP 84-79C, FLIP 84-144C, FLIP 84-15OC, 
FLIP 85-13C, FLIP 85-14C, FLIP 85-lSC, FLIP 85-5OC, 
87AK 71112 
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collection, all the mining are dweloped 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 

minim of 40 an and can be harvested by machine. Seeds of sorre of the 

prunising lines are being multiplied at IC?-U?I& to met the potential 

delmnd of m s .  

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

2.1.1.4. Release of dti- 

D x i q  1992, seven dtivars were released by four countries, namly 

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

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

furnished from If.%?DA (Table 2.1.4) . Thirty-eight of them have been 

released for winter scnving in the Mediterranean region, seven for 

spring sow- including two in China, two for winter sadrg in mre 

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

N m r  91, the cultivar released in Pakistan during 1992, replaces Pb 1 

which was released in 1933. 



Table 2.1.4. Kabuli chickpa cultivars releasedbydifferent national 
Programs. 

Country Cultivars Year of Specific features 
released release 

Algeria ILC 482 1988 High yield, wide adaptation 
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. 
ILC 411 1988 High yield, for Ginghai pr. 

Cypzus Yialousa (ILC3279) 1984 Tall, cold tolerant 
Kyrenia (ILC 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 
ILC 482 1991 High yield, wide adaptation 

Iraq =LC 3279 1991 T a l l ,  cold tolerant 
Italy Califfo (ILC 72) 1987 Tall, high yield 

Sultano (ILC 3279) 1987 Tall, high yield 
Jordan Jubeiha-2 (ILC 482) 1989 High yield, wide adaptation 

Jubeiha-3 (ILC 3279) 1989 High yield, tall 
-on Janta 2 (ILC 482) 1989 High yield, wide adaptation 
Momco ILC 195 1987 Tall, cold tolerant 

ILC 482 1987 High yield, wide adaptation 
muyet [FLIP 84-92C) 1992 Larye seed, blight resistance 
Rizki (FLIP 83-48C) 1992 Large seed, blight resistance 

Ornan ILC 237 1988 Irrigation responsive 
Pakistan Noor 91 (FLIP 81-293Cj 1992 High yield, blight resistance 
Portugal Elmo (ILC 5566) 1989 High yield 

Elvar (FLIP 85-17C) 1989 High yield 
Spain Fardan (IT 72) 1985 Tall, high yield 

Zqri (IW 200) 1985 Mid-tall, high yield 
Aim (ILL 2548) 1985 Tall, high yield 
Alcazaba (ILL 2555) 1985 Tall, high yield 
Atalaya (ILC 200) 1985 Mid-tall, high yield 

Sudan Shendi (ILC 1335) 1987 Irrigation responsive 
Syria Ghab 1 (ILC 482) 1986 High yield, wide adaptation 

Ghab 2 (ILC 3279) 1986 Tall, culd tolerant 
Ghak 3 (FLIP 82-l5OC) 1991 High yield, wide adaptation 

Tbnisia Chetoui (ILC 3279) 1986 Tall, high yield 
Kassab (FLIP 83-46C) 1986 Large-seeded, high yield 
hdounl (Be-sel-81-48) 1986 Idrye-seeded 
FLIP 84-79C 1991 High yield 
FLIP 84-92c 1991 Luge-seeded, high yield 

Turkey ILL 195 1986 Tall, cold tolerant 
Gunei Sarisi (ILC 482) 1986 High yield, wide adaptation 
W a  89 (FLIP 85-7Cj 1990 High yield, large-seeded 
Tasova 89 (E'LIP 85-135C) 1990 High yield, large-seeded 
Akcin (87AK71115) 1991 High yield 
Aydin 92 (FLIP 82-259C 1992 Large seed, blight resistance 
Menemen 92(FLIP 85-14C) 1992 Large seed, blight resistance 
Imur 92 (FLIP 85-60Cj 1992 Large seed, blight resistance 



2.1.2. Screeniag f o r  Stress Tolerance 

2.1.2.1. Land races 

Screening of germplasm lines was initiated in 1978 for Ascochyta blight 

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

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

(Callosobruchus chinensis L. ) , in 1986 for cyst n m t d e  (Heterodera 

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

oxysmm Schlecht. emd Synd f .sp. ciceri [Padwick] Snyd. & 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 Fusarium wilt. Laboratory and 

greenhouse screening techniques have been developed for seed beetle and 

cyst nematode, respectively. These techniques have been described in 

previous annual reports. The n h r  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 nematode, 1000 lines to F'usarium wilt, and 1000 lines to 

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

in cold nursery for confirmation. Resistant sources have been 

identified for Ascochyta blight, F'usarium wilt, leaf miner, cold and 

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

nematode. Resistant sources have been freely shared with NARSs and are 

used in crossing blocks. 

K.B. Singfi, S. Weigand,  M.C. Saxena, R.S. I r l a l h o t r a ,  M. (ICARIIA), 

N. Greco and M. D i  V i t n  (Italy), R. J i m m e z - D i a z  (Spain), M.V. Red& 

W R I S A T )  



Table 2.1.5. Reaction of chicea germplasm accessions to scme biotic 
and abiotic stresses at Tel H a d y a  bet- 1978 and 1992. 

Scale Asccchyta Fusarium Leaf miner Seed w t  Cold Drou- 
blight wilt until beetle nemtode ght' 

1990 1991' 

1 0 0 0 0 0 0 0 0 
2 0 2 0 19 0 0 0 0 
3 10 0 0 93 0 0 3 1 
4 22 26 8 148 0 0 10 10 
5 9 57 201 162 0 20 1191 106 
6 1444 155 509 68 164 0 1023 526 
7 1833 251 1167 97 185 494 1014 290 
8 1185 584 8 5 1551 1104 2284 66 
9 14867 1547 3538 2 3253 7639 3570 1 

Totdl 19370 2622 5431 594 5153 9257 9095 1000 

Scale: 1 = free; 5 = tolerant; 9 = killed. ' Frelimi~lary evaluation, needs confimtion 

2.1.2.2. Wild 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 

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

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

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

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

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

cyst nemtode and had higher level of resistance than the cultivated 

species for Fusarium wilt, leaf miner, and cold. The mst important 

species for resistance to different stress factors was C. biiusum, 

while C. mshitae was the least ~mportant. There is a need to 

evaluate the accessions for resistance to other important stresses such 



Table 2.1.6. Reaction of germplasm accessions of spp. to saw biotic and abiotic stresses at  Tel Hadya, 
Syria £run 1987/88-1991/92. 

Scalea B l  iqht F. w i l t  Leaf miner Seed beetle O/st nematatode Cold 
No KO. species ~ o .  species No. species No. species No. species 

a Scde: 1 = free; 5 = intermediate; 9 = killed/ccmplete damage. 
b species &: 1 = C. bijuqum; 2 = C. chorassanicum; 3 = C. -; 4 = C. e c h k ~ ~ ~ l m u m ;  5 = C. iudaicum; 

6 = C. pinna t i f ih ;  7 = C. reticulaturn; 8 = C. yamshitae. 
Evaluation for wilt was h e  at  Istituto Sperimentde per l a  F'atolcgia Vegetale, k m s .  
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as drought and to collect additional accessicns for evaluaticn. 

K.B.S-, S.Weigami,M.C. S a x s ~ , R . S . ~ t r a , O . T a h h a n  (ICAlUal, 

M.V. Reddy (ICRISAT, INiia), A. Ports-Puglia, N. Grew and M. Di Vito 

(Italy) 

2.1.2.3. Listing of mistance 

Sources of resistance identified for Ascmhyta blight, Fusariun wilt, 

leaf miner, cold and drought in cultivated species are listed in Table 

2.1.7. These have been used in breeding programs at ICRRCA and NARSs. 

Differential disease race-pattern caused scme 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 arvl 1992. 

Stress Source of resistance 

Asccchyta blight ILC 72, ILC 182, ILC 187, ILC 200, ILC 2380, ILC 
2506, ILC 2956, ILC 3279, I K  3856, ILC4421, ILC 
5586, ILC 5902, ILC 5921, ILC 6043, ILC 6090, IIC 
6188. 

Fusarium wilt ILC 54, ILC 240, ILC 256, ILC 336, ILC 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, ILC 3470, ILC 5638, 
ILC 5663, ILC 5667, ILC 5947, ILC 5951, ILL: 5953, 
ILC 8262, ILC 482CT (Mut) , ILC 482 (Mut) fM 
17033) . 

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

N.B. No source of resistance was found for seed beetle and cyst 
nematode. 



Table 2.1.8. Sources of resistance (rating 1 or 2 on a 1-9  scale) in 
wild species to biotic and abiotic stresses. 

- -- 

Stress Source of resistance 

Ascochyta blight - C. judaicum: ILWC 30-2, ILWC 3O/S-1, IWC 31/S-1; 
C. pinnatifidum: ILWC 30-1. - 

F'usariurn wilt - C. biiusum: 20; C. echinownmnn: 4; C. iudaim: 
31; C. pinnatifidum: 6; C. reticulatum: 11. Out 
of these: C. biium: ILWC 7-1, I W  8-3, ILWC 32 
-2; C. &ok%x?nmm: ILWC 35,'s-1, ILWC 39; _C. 
iudaim: IWC 4/3, ILK 2O/S-1, ILK 46; C. 
pinnatifidum: ILK 22-2, I 29/S-2; C. 
reticulaturn: ILWC 21-14, I W  36/3. 
C. chorassanicum: ILK 23/3; C. cuneaturn: ILWC - 
37/7; C. iudaim: ILWC 4/1, ILWC 4/3, ILWC 4/4, 
ILWC 20/3, IWC 2O/S-2, ILWC 31-2, ILWC 33,'s-9, 
IXiC 33,'s-10, IWC 37/S-2. ILWC 41/1. ILK! 431'1. 

Leaf miner 

Callosobn~chus 
chinensis 

Cyst nematode 

- - , ~ - ,  
ILWC 46 ; Cicer yamshitae': ILK 3-'2 .' 
C. biiucrum: IWC 7-1, ILK 7/S-5, ILWC 7/S-11, - 
ILWC 7/5-12. IWC 7/S-14. IWC 7/S-17. ILWC 7/S - , - , - 
18, ILWC 8-3, ILWC 34js-1; C. cUneaturnl ILK 
37/7; C. echinospenmnn: IWC 35/S-1, IWC 35/S-3, 
ILUC 39; C. iudaim: ILWC 3-1/2, ILWC 33/5-6, 
ILWC 33/S-8, ILWC 33/5-10, IWC 38/S-2, ILWC 46; 
C. reticulatum: ILWC 21-1/1. - 
C. biiucrum: IWC 7-1, ILkJC 7-2, ILWC 7-4, ILWC - 
7/S-1, IUzrC 7,'s-3, IWC 7/S-4, ILWC 7/S-5, ILWC 
7/5-11, ILWC 7/5-12, ILkJC 7/5-14, 1L.K 7/S-15, 
IWC 7/5-17; C. reticulatum: IWC 21-1-3/2; C. 
pinnatifidum: ILW 212, ILkJC 213, IWC 226, IWC 
236. 

Cold tolerance - C. biiuqum: ILWC 7-1, ILK 7-2, IINC 7-4, ILNC 
7/S-1, ILWC 7,'s-3, ILWC 7/S-4, ILhJC 7,'s-5, ILWC 
7/S-11, IWC 7,'s-12, ILWC 7/5-13, ILWC 7/S-14, 
ILWC 7/S-15, ILWC 7/S-17, ILWC 7,'s-18, IMC 8-4, 
ILWC 8/s-1, ILWC 8/S-3, ILWC 32-2, ILWC 42/1, 
ILWC 42/2. 



Sources of resistance in wild Cicer species for Asccchyta blight, 

Fbsarium wilt, leaf miner, seed beetle, cyst nematode, and cold are 

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

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

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

them are shown in Table 2.1.9. These accessions m y  be very useful in 

hybridization program for the transfer of genes for resistance. 

Table 2.1.9. Sources of rrmltiple resistance in wild Cicer species 
identified at Tel Ham, Syria. 

Acc. Cicer Blight Wilta Leaf ~ruchid Cyst Cold 
no. species miner nem . 

biiuqum 
echinoscem 
iudaicum 
biiusum 
biiusum 
biiusum 
retidatum 
retidatum 
echinoscem 
pinnatifidum 

NE = Not evaluated. 
a Evaluation carried out at Istltuto Sperimtale per la Patologia 
Vegetale, R m  . 

K.B. Singh & a. 

2.1.3. C k m p l a m ~ e n e n t  

The min objective of this project is to develop superior gemplasm for 

use in the breeding prcgrams of NARS and ICWDA. The emphasis is on 

cold tolerance, Asccchyta blight resistance, combine3 resistance to 

cold and Ascxhyta blight, and increased bimss. 
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2.1.3.1. CoM tolerance 

F,, F5 and F6 generati- of crosses bet- mld-tolerant lines of 

diverse origins were grown dur- 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 F,, F5, F6 generatias, 

respectively. All these plants have cold rating of 3 w h i c h  was as geed 

as the t m  best gemplasm from cultigen, ILC 8262 and ILC 482M. But 

these plants are agmnanically superior ha* early maturity and large 

seed size. 

R.S. Malintra and K.B. S- 

2.1.3.2. Aecodybbliat resistance 

Wtatim studies: An attempt was made to U c e  Ascc&yta blight- 

resistance in t w  chickpa cultivars (ILC 1929 and ILC 3279) to inprove 

the level of resistance for use in the br%diq program. Both 

genotypes have gocd agroracmic qualities, h t  ILC 3279 is derately 

resistant and ILC 1929 is highly susceptible to Ascochyta blight 

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

of ILC 1929 and ILC 3279 were treated w i t h  40, 50, and 60 kR of g a m  

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

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

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

disease-free ccmditions. The b$ generation was planted at the 1- 

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

by spreadkg chic- diseased-debris early in War& which was 

supplemented with incculations using spore suspensions of a m i x t w e  of 

pat- isolates. Mist irrigation was applied to induce high humidity 
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for epidemic developnent. Susceptible check was used as a reference of 

a god disease developrwt . 

Disease severity ratings WE 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 readkg at the podding stage 

for bth stem and pod infection. Plants were considered resistance 

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

s d e  . 

Seeds of the plants skwing resistance to bath stem and pod 

infections were harvested indivickdly (Y)  . In the 1991/92 season, 

half seeds f m  each resistant plant sown in the greenhouse and 

the other half in the field in order to re-evaluate their resistance to 

Asccchyta blight. The % generation in the field was expsed 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 

@re suspension of mixed isolates of the fungus. The pots were kept 

under a clear polyethylene cwer for one week after inocvlation to 

ensure proper conditions for infection. Disease ratings were taken on 

indiwhal plants in the greenhouse twice, first at the vegetative stage 

and then at the fluering stage. In the field, readings were also 

taken at vegetative, late f1m.erh-g and @ding stages. The last two 

readings were  taken on bth stem and pod infections. Results represent 

the final and highest disease rating scored in all experiments. 

NJ resistant plants ere found m n g  the 3274 plants of ILC 1929 
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studied in 1991. All of the 100 untreated IK 1929 plants used as a 

check also showed complete susceptibility from the first reading. Of 

the total 10,084 single rmtated ILC 3279 plants tested, od' 45 were 

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

had a pod infection rating of $3. Of the 115 ILC 3279 plants screened 

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

Table 2.1.10. Frequency distributicm of the disease severity ratings 
(EX) on stems of the M4 generation of ILL 3279 plants 
eqmsed to mutations; field results of 1990/91. 

Treatment DSR Total 
1 2  3 4 5 6 7 8 9 

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 ILC 3279 mutant plants tested in the 

greenhouse in 1992, 150 plants were found resistant (DSR 53) after the 

last reading. Havever, only 5 plants of the selected resistant 

plants of 1991 had all plants (P$) resistant in the greenhouse test 

(Table 2.1.11). 



Table 2.1.11. Disease severity of scme IIL 3279 mtated Ascochvta 
resistant plants (Mq) whose progenies (K,) still show 
acceptable resistance levels in the field and greenhouse 
in 1992 (disease in the 3 expressed as the highest 
severity observed) . 

Treatment Plant Field 1991 Field 1992 c&smbm~ 
code c M 4 )  (5) 1992 (5) 

Stem Stem Pod Stem 

40 kR 3-11 3 2 >4 1 4 
26-04 3 2 >4 1 3 
82 - 14 3 2 >4 1 3 
118-01 3 2 >4 1 4 
121-06 3 3 >4 1 4 

50 & 46-04 3 3 >4 1 4 
97-21 3 3 >4 1 3 
101-21 3 2 >4 1 3 

60 kR 58-15 3 3 >4 1 4 
58-23 3 2 >4 1 3 

ILC 3279 Control 3 2 >4 1 3 

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

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

infection. In the prcye~y rays of the resistant Mq parents selected in 

1991 there were always saw plants susceptible as well as resistant 

(Table 2.1.11) and the variation in the resistance level within the 

progenies of resistant Mq plants was quite high. 

Comparing the different mutation treatmnts, the 40 kRtreatment 

seemed to have the mst positive effect on =he resistance level of the 

plants at the seedling stage although this effect was r.0 longer obvious 

at the later developental stages of the plants. 

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

the M4 and 3 generation, respectively. Accordingly, mre hcmqeneity 
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in the disease reaction was w e d  to be seen within the individuals 

can ing f m  the sam resistant parent. The large heterogeneity in the 

disease reaction in the mre advanced generation of the plants suggests 

that the obs=rved and selected resist- in the field in 1990/91 was 

actually a disease escape rather than true resistance. 

W. Kka.uy and K.B. S w  

-ding of genm for resistance to blight: Five crosses 

kt- different parents resistant to Asccchyta  blight have bee? mi& 

in an attempt to pyramid genes for resistance. Six Fz and 2 F, 

populations of crosses ktween resistant x resistant parents of diverse 

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

these Krpulations were bulk harvested and F3 and FL bulks were advanced 

in the 1992 off-seam nursery. The seed of F4 and F5 generation has 

M produced. The F2, Fq and F5 generations will be grown in the 

disease nursery next season. 

2.1.3.3. Ccmbined resistance to cold and Ascochyta blight 

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

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

season, the rraterial sown in cold and Ascochyta blight nursery is sham 

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

Table 2.1.12. Reaction of chickpea material to ccmbined 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 mminiq, many prcgenies/plants sue- to 
Ascochyta blight. As a result, none of the prqedes was resistant. 

M y  a few plants were resistant and 32 out of akmt 7300 plants were 

selected from F3 to F, prcgenies. These will be reevaluated next 

season. The Fz generation was sown in &c&r, hence plants were only 

v s e d  to Asmzhyza blight epidemic. But blight killed a lot of 

plants. 

K.B. Sin& and R.S. N d h o t r a  

2.1.3.4. Increased bi-s 

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

bi-s yield. A project was initiated three years ago for this 

purpose. Under Tel Ham conditions biamss yield is seldan higher than 

7 t h~-', therefore target was kept at 10 t hd'. Crosses are being made 

to increase the plant height because plant height is positively 

asmiated with the b i m s .  llrbq 1991-92, eight crosses were made 

in the min season and F2 seeds were p d c e d  in the off -season. In the 

main season, five F2 bulks were grown and tall plants were bulk 

harvested from t m  crosses. Three F, bulks bet- tall x tall crosses 

were q m m  in the min season and selection for tall plants were made 

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

and seeds of F4 a d  FA generation have k e n  p d c e d .  

M. Ckmr and K.B. Shqh 

2.1.4. I n p d  Germplasm for Wheat-based Systen 

A bulk-pedigree rrett-1~~3 for breeding cold a?d As-a blight resistant 

chickpeas was described in the prcgram annual report of 1989 and the 
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second for breeding combined resistance t o  blight, cold and drought in 

the annual report of 1990. Both methods take fu l l  advantage of the 

off-season nursery and cultivars are develaped 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. S- 

2.1.4.1. Segregating generati- 

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

gra~n in the off-season during 1992. F2 and F, bulks were grown in the 

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

Table 2.1.13. Chickpea breeding mter ia l  grown a t  Tel Hadya during 
winter and spring and at Terbol during off-season, 
1991/92. 

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

F; 
F2 Bulk 
F3 Bulk 
F3 aOSeny 
F4 Bulk 
F5 Progeny (Large) 
F5 Progeny (Early) 
F5 m e n y  (Desi) 
F5 Progeny (Others) 
F6 m Y  (Large) 
F6 Prcgeny (Tall) 
F6 PLUgeny (Early) 
F6 m-ogeny (Desi) 
F6 proseny (Others) 

Total : 
F?/F,/F, ~ u l k s  796 14,865 
F3/F4/F5/F6 Prcgmy 10,318 1566 
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progeny rows were gmmn. A total  of 464 pmnising and uniform F5 and 

F6 prcqenies were bulked, grawn in the off-season and purified for 

milti-season evaluation. Due t o  infestation by w i l t  rmt-rot cmplex, 

la te  maturity, and poor grcwth habit, 167 lines had t o  be rejected, 

leaving only 297 for evaluation in the yield t r i a l s  next season. 

The weather conditions of the 1991/92 season permitted effective 

selection for cold tolerance and Asmhyta blight resistance. 

K.B. Singh 

2 .1 .4 .2 .  Y ie ld  p e r f m e  o f  newly bred lines 

Three hundred and twelve newly-bred lines were evaluated i n  preliminary 

yield t r i a l s  (PYTs) and 216 lines i n  advanced yield trials (AYTs) for 

yield a t  three locations (Tel Ha*, Jinderess and Terbol) by sowing in 

winter and spring. Due to  severe infestation of m t - h a t  nematode in 

PYTs a t  Jindiress, a l l  t r i a l s  were discarded. Several lines were 

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

significmtly better (Table 2 . 1 . 1 4 )  . The 1991/92 season favored spring 

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

winter chickpea produced a mre 23 .4% rmre yield than spring c h i c b a  

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

K.B. S h g h  

2 . 1 . 4 . 3 .  Per formme of FLIP 88-85C in d t i l o c a t i m  tests in Syria 

Chickpea line FLIP 88-85C had an ipress lve yield performance i? Syria 

during the 1991/92 winter season. I t  ranked f i r s t  a t  six out of nine 

lcrations and ranked f i r s t  i n  overall p e r f o m c e .  The mean yield of 
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this line was 3113 kg ha" with a range of 2088 to 4204 kg hd' (Table 

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

locations and at four locations at siqificant level, prducing 28.8% 

m3re 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 by 20%. FLIP 88-85C is highly 

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

fran a cross ILC 629 x FLIP 82-144C. 

Syrian Naticnal Scientists and K.B. Si@ 

2.1.4.4. Perfcumance of blight-resistant lines ur&r diseased and 

diseaae-free 4 t h  

Wing t k  1990/91 season, 1344 blight-resistant b r e w  lines 

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

kccchyta blight by inoculating mterial with diseased debris 

supplemented by spore suspension prepared fran six races. Results 

revealed that only 117 lines &ed resistant (see details from 

Legume Frcqram Annual R e p o r t  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 conditions 

during the 1991/92 season a l q  with 19 blight-resistant gerrrplasm 

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 d r  

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

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

disease-free condition trial was protected frcm Pscochyta blight by 

repeated spray of Bravo 500 and no disease developed here. 



Table 2.1.14. P e r f o m c e  of newly developed lines dur* winter and spring &g a t  Tel 
Hadya, Jindiress and T e h l ,  1991/92. 

Lxation No. of Entries Yield (kq/ha) 
and season t r i a l s  Tested Exceeding Signif. Mean of &an of 

check exceeding location highest 
check yield 

Tel Hadva 
-Winter 22 528 226 28 1782 2302 
-Spring 22 528 41 I. 1316 1826 

Winter 22 528 231 28 
Spring 22 528 76 1 

Overall 
Winter - 

Ranqe for 
C.V. LSD 
(%) (Ps0.05) 

(kg ha) 

Spring 22 528 - 1618 



Table 2.1.15. Performance of FLIP 88-85C chickpea at nine locations in 
Syria, 1991/92. 

Yield (kq/hal and rank Mean yield CJ SE 
Lccation FLIP 88-85C C h k  3 (check) (kg/ha) of (%) 5 

24 entries 
Yield Rank Yield Rank -- -- 

Tel Haam 
Jindiress 
Izraa 
Jellin 
Horns 
Han'a 
Ghak 
Idleb 
Heim 
Mean 

Whereas the disease condition trial was inoculatedwith 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 £laver and maturity, plant height, biological 

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

diseased plots, Asccchyta blight score on a 1-9 scale was recorded. 

m e  to poor stand, data were not collected on three lines. 

Results under diseased- and disease-free conditions could be 

compared with scme reservation because the crop had to be mist 

irrigated repeatedly in diseased-field to create the epiphytotic 

condition. Also variations in soil fertility in t m  fields cannot be 

ruled out. 



Table 2.1.16. SumMly of the perfomce of blight-resistant breeding 
lines, blight-resistant gemplasm lines and high 
yielding land races under diseased condition. 

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

Resistant breedinq lines 
AB 357 3.2 2.5-5.5 12.46 0.021 
DFLR 357 139 133-147 2.05 0.151 
INAT 357 192 189-196 0.70 0.072 
PLHI 357 49 30-70 14.67 0.380 
BYLD 357 4536 349-7982 26.76 64.240 
SILD 357 1812 193-3080 26.44 25.369 
100% 357 33 15-47 16.13 0.284 

Resistant semlasm lines 
AB 19 3.3 3.0-8.0 34.83 0.263 

Hiqh vieldinq landraces 
AB 4 7.4 4.0-9.0 31.06 1.145 
DFLR 4 136 i27-142 4.72 3.210 
CMAT 3 192 ;91-193 0.56 0.617 
PLH'I 3 41 39-43 4.56 1.068 
BYLD 3 1146 0-3229 159.87 1057.57 
SYLL 3 386 0-1275 2CO. 18 446.271 
100% 3 3 1 26-36 16.80 2.968 

AB = &cccIyta blight score, D m  = Days to 50% flowering, M.IAT = Days 
to maturity, PLHI = Plant height (a), BYLD = Biological yield (kg/ha) , 
SYLD = Seed yield (kg/ba!, 100%' = 100-seed weight (g)  . 

The mean seed ~ield under diseased condition was 1813, 1363 and 

386 kg hd' for resistant breeding lines, resistant gemplasm lines and 

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

free condition, the mean seed yield was 2698, 2141 and 2956 kg ha-' for 

resistant breeding lines, resistant germplasm lines -.d hgh yielding 

land races respectively (Table 2.1.17). These results clearly 

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

over resistant germplasm lines through bredng and that high yielding 



land races are not g a d  under diseased conditima. 

Ten highest yielding breeding lines, one each highest yieldkg 

germplasm line and land races under diseased and disease-free 

conditions are shmm in Table 2.1.18. There is a clear imprwemnt in 

yield through breeding over resistant parental lines and land races. 

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

ha'' yield, whereas the highest yield of the gemplasm 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. Sumoary of the perfomce of blight-resistant bredkg 
lines, blight resistant germplasm lines and hi* 
yielding land races under disease-free condition. 

Character No. of Mean Ranse C.V S.Em. I*) 
lines (%) 

Resistant breedina lines 
D m  355 134 129-152 1.62 0.116 
I3MAT 355 183 180-186 0.67 0.065 
PLW 355 51 35-70 13.39 0.363 
E3YI.D 355 6126 770-9123 15.98 51.976 
SYLD 355 2698 414-4059 17.57 25.163 
100%' 355 32 18-44 14.69 0.248 

Resistant aemlasm lines 
DFLR 18 136 132-139 1.48 0.474 

Hiqh vieldinu landraces 
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Correlations of seed yield utder diseased conditicol with 

othercharacters were estimted and shown in Table 2.1.19. Seed yield 

was significantly (P50.05) correlated with Psccchyta blight resistance, 

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

highest correlation of r = 0.829 (P4.01) with biological yield. 

Whereas Ascochyta blight was significantly correlated with late 

mturity and plant height in resistant germplasm lines, it had no 

association with mturity and height in resistant breeding lines. This 

is an impoaant achievement of breeding because seed yield in chickpa 

is strongly negatively correlated with lateness. 

The mean seed yield of lines in different Asmhyta 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 mjor conclusions of this expriment are as follows. First, 

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

through breeding. Second, the highest yielding breediq lines yield 

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

diseased conditions. The susceptible land races cannot be reccmended 

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

Ascochyta blight resistance with late mturity has been broken. Iikw 

there are early mturing 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 Ikgihal 

2 

Ascachyta blight rating 

Fig. 2.1.1. Relationship ktween Ascochyta blight disease score and 
yield of chickpea. 



Table 2.1.18. Yield perfomce of 10 highest yielding breeding lines 
ccmpared with the best resistant gemplasm line and land 
race under diseased and disease-free conditions in a 
replicated yield trial. 

Entry name Seed yield (kg ha-') 

Disease-free conditions 

FLIP 91-5OC 
FLIP 81-270C 
FLIP 91-205C 
FLIP 91-46C 
FLIP 84-79C 

FLIP 82-97C 
S 91342 
FLIP 81-299C 
FLIP 90-98C 
S 91331 

ILC 5894 (gemplasm line) 2865 

ILC 263 (land race! 3410 

Diseased coi-dtions 

FLIP 91-204C 
FLIP 91-180C 
FLIP 81-7C 
FLIP 82-144C 
FLIP 88-83C 

FLIP 90-98C 2719 
FLIP 91-201C 2691 
S 91242 2675 
FLIP 90-64C 2644 
FLIP 91-28C 2617 

ILC 5586 (germplasm line) 2197 

ILC 482 (land race) 1275 



Table 2.1.19. Corre la t ion of seed yield with other characters i n  
diseased d t i m  . 

ABR DFLR DQT PLW m' SYLE 1OOSW 

ABR 1.000 -0.377 0.147 -0.163 -0.393 -0.428 -0.083 
DFLR -0.038 1.000 0.410 0.238 -0.060 -0.231 0 .I.% 
m?+T 0.147 0.410 1.000 0.241 0.138 -0.130 0.435 
PLHT -0.163 0.238 0.241 1.000 0.592 0.306 0.492 
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 .3a9 
lOOSW -0.080 0.154 0.435 0.492 0.499 0.309 1 .aX 

Table 2.1.20. The mean and range of seed yield (kg/&) of d i f f e r e n t  
classes of Asmchyta b l i g h t .  

Class No. o f  entries &an + S.Rn. Range 

2.1.4.5. Parfonnance of newly bred lines at 1- sites in winter sw&g 

A ccmparison of sprrng versus winter .%mirig was  made over nine years 

(1983/84 to 1991/92) at  t h r e e  sites (Tel Ha-, Jinderess am3 T e r b l )  , 

us ing  c m n  breed-ing lines (testing bet- 72 and 486 lines). The 

winters of 1984/85, 1988/89, 1989/90, 1991/92 were more severe t h a n n o d  

and the spr ings  of 1983/84, 1988/89, 1989/90, and 1990/91 ( e s p e c i d l y  at 

Tel  H a w )  w e r e  drier than n o d .  

~inter-~owntrialsonaverageproduced1621kg/haagainst1005kgof 

spring--trials, giving61.3"sr 666kg/hamoreyield (Fig. 2 .1 .2 ) .  The 
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yield differences between winter and spring iere larger during dry 

seasons than in n o m l  seasons. During an abmmlly cold year 

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

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

1991/92 seasons wkich were also very cold, because of deliberate 

selection for cold tolerance since 1984/85. Breeders usually select 

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

yielders in winter swing p d c e d  122.9% or 1235 kg/ha mre than the 

man yield produced in spring over eight years. 

K.B. S- 

2 .l.4.6. Spread of winter chickpea h the Mediterranean emrircnment 

Moption by fanners began in Cyprus during the 1984/85 season and by 

1990/91 nearly all spring chickpea area was replaced by winter 

chickpea. Syrian fanners were  next and by 1991/92 an estimated 20,500 

ha was winter sown. All eastern Mediterranean countries including 

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

winter sowing. The technolw has been accepted, but the major 

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

of seed. Winter sowing of chickpa has been adopted in other 

continents as well where the Meditemanean enviromts exist. 

California (U.S.A.), which grew chickpea during spring, has now 

introduced winter sowing in Central Valley. Nearly all chickpea area 

in Western Australia is sown in winter. Likewise Chile has introduced 

winter sowing of chickpea. A guesstimate of area under winter-sown 

chickpea in different countries is shown in Table 2.1.21 and the 

evolution of total winter-sown area is shown in Fig. 2.1.3. 



Area (1000 ha) 

Years 

Figure 2.1.3. Guesstimated adoption of winter-sown chic-a in the 
Mediterranean areas in the mrld, 1991/92. 

Table 2.1.21. A guesstimate of adaption of winter-sown chickpea in the 
Mediterranean environments in the world, 1991/92. 

Country Area (ha) 

W p m  1500 
Iraq 1000 
Jordan 2000 
Lebanon 1000 
Syria 20500 
Turkey 10000 

Algeria 
Esypt 
w m c o  
Tunisia 

France 
Italy 
Furtugal 
spain 

Western Australia 1000 

U.S.A. (California) 1500 

Chile 100 
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2.1.5. StrategicResearch 

2.1.5.1. Studies cm drcught tolerance 

Little research has been con-ed on drought tolerance of kakdi 

chickpa m a Wtenanean environment. A line-source sprinkler 

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

technique is necessary that permits evaluation of a large n d r  of 

germplasm and breeding materials for tolerance to draught. Since the 

crop -rims terminal drought, it was thought W l e  to test 

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

permit identification of genotypic differences in drought tolerance. 

An wriment with four saving dates, 28 Feb (normdl saving date), 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 *cat4 that s m m g  on 20 or 30 Mar can be 

effective in distinguisbg drought-susceptible lines from tolerant 

ones. 

Following this lead, this w i m e n t  was repeated in 1991 by sowing 

on 28 Feb and 20 Mar 1991 with and without irrigation. The irrigation 

treatment was included to obtain potential yield to enable caparison 

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

gradual reduction in the perfomace for all characters with delay in 

swing from first to s d  date. Howwer, seed size, seed yield, 

biological yield and harvest index were higher with irrigation over 

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

under rainfed conditions, but their performance under irrigated 

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

little yield on the first date of sowing, but virtually no yield was 
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prcduced by thw on the seam3 date of scmiq urider rain£ed adi t ions .  

?heir perfonmnce under irrigated conditims was equally bad. The 

f m r  group of genotypes was early in mturi ty  while the l a t t e r  gnxrp 

w a s  l a te  in mturity.  The &st performing lines under rainfed 

conditions ( i f  drollght-tolerant ones) p r d x d  50-601 of the 

potential yield on the f i r s t  date of sowing ~IXI 35-45% of the potential 

yield on the seccold date of sewing, whereas the drought-susceptible 

lines pnduced less than 1% of the potential yield. There was no 

a smia t i on  kt- the perfonmnce of genotypes under rainfed and 

irrigated c d t i o n s .  

In order t o  confirm the f i rdhgs of the f i r s t  tm years, the 

c q e r i m e n t  was repeated in the third year by s u h q  on 28 Feb and 20 

Mar 1992 without and with irrigation t o  ensure that the available so i l  

rmisture does not f a l l  below 50% in  the active mt 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 mrphological, phenological and seed characters. In 

addition, the amxlnt of soi l  rmisture was determined at sewing, and 

plant cuunt a t  m q e n c e  and mturity,  percent of mrgence, a d  c a n w  

temperatures a t  late vegetative, flowering and pod f i l l ing stages *re 

recorded. 

Wan perfo-ce of gemtm for 1 2  characters a t  each date and 

for rainfed and irrigated conditions is s h  in Table 2.1.22. In 

general, there was a d c t i o n  in performance for m s t  characters with 

delay in sowing. Haever, the &&ion was not as sharp as in other 

tw years k u s e  spring was wt and even rains occurrrd in early June 



which famred delayed sowing mirpre than noml swhg. Nevertheless, 

the man perfomce of genotypes under irrigation was better than 

rainfed for yield and yield contributing characters such as biological 

yield, pod number and secondary branches. 

Table 2.1.22. Genotypic means for different characters on two dates of 
sowing and two levels of moisture regimes (rainfed and 
irrigated) during the 1992 sprk. 

Dates of minq 
28 Feb 20 Mar &an Genotype 

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

Days to flowering 
Days to maturity 
Plant height (cm) 
Primary branches 

Secondary branches 
NO. of pods 
No. of filled pods 
% of filled pod 

100-seed weight (g) 
Seed yield (kg/&) 
Biol. yield (kg/&) 
Harvest index (%) 
score* 

* Visual rating at maturity for overall assessment of drought 
susceptibility on a 1-9 scale, where 1 = no damage, 5 = intermediate 
level of h g e ,  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 87-58C, FLIP 87-59C, 
and ICC 4958) performed well in b t h  dates of sowing yielding nearly 



Table 2.1.23. Yield (Y) periomce (kg/ha) and rank (R) of different chi- genotps 
in the drought study, as affected by tm dates of s a h q  and at t m  levels 
of misture (ramfed and i r r i ga t ed )  during the 1992 spring. 

Dates of scwinq 
-type 28 Feb 20 Mar Mean 

Fain. Y Rain.  Y Rain. Y 
Rainfed % of I r r i g .  Rainfed % of I r r i g .  Rainfed % of I n i g .  
Y(R) i n g .  Y(R) Y(R) l r r i g .  Y(R) Y(R) irrig. Y(R) 

ILC 72 947 (25) 41.0 2311 (26) 885 (25) 49.4 1790(26) 916 (25) 44.7 2051(26) 
ILC 3279 1431 (23) 57.8 2476 (24) 1030 (23) 50.6 2035(24) 1231(23) 54.6 2256 (24) 
FLIP 85-142C 913 (26) 37.6 2431(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) 
I E V  88504 1639 (211 63.7 2575 (22) 1450 (21) 66.8 2172 (23) 1545 (21) 65.1 2374 (22) 
I E V  88512 1629!22) 63.7 2557(23) 1332 (22) 59.5 2239 (21) 1481(22) 61.8 2398 (21) 
ILC 1929 1959(9) 57.4 3414 (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(10) 63.9 2883 (15) 
ILC 1919 1899 (12) 61.2 3105(13) 1750 (121 65.7 2664 (14) 1825 (12) 63.3 2885(13) 
FLIP 87-5C 1869(14) 64.1 2916(18) 1576(18) 56.5 2790(10) 1723 (18) 60.4 2853(16) 
FLIP 87-7C 2122(5) 61.4 3454 (5) 1686(16) 55.0 3068(3) 1904 (7) 58.4 32610 )  
FLIP 87-8C 2033(7) 59.8 3401(7) 1724114) 57.4 3006 (4) 1879(8) 58.6 3204(5) 
FLIP 87-51C 2197(2) 61.1 3598(4) 2131 (2)  77.3 2758 (11) 2164 (1) 68.1 3178 (6) 
FLIP 87-58C 2141(1) 58.3 3672(2) 1979(4) 63.9 3099(2) 2060(4) 60.8 3386(1) 
FLIP 87-59C 2123 (4) 57.4 3697(1) 2152(1) 72 .1  298615) 2138(31 64.0 3342(2) 
FLIP 87-80C 1835(16) 64.5 2844 (20) 1512 (20) 64.8 2333 (201 1674(19) 64.7 2589 (19) 
FLIP 87-85C 1893(131 55.9 3388(8) 1858(6) 64.2 2893(71 1876(9) 59.7 3141(7) 
ILC 710 1769 (191 59.9 2952 (17) 1801 (8) 61.8 2916 (6) 1785 (15) 60.8 2934 (10) 
ILC 830 1910 (11) 66.7 2862 (19) 1596(17) 60.6 2634 (16) 1753 (17) 63.8 2748 (17) 
IIK 1130 1924 (10) 62.8 3063 (15) 1727!13) 63.8 2705(12) 1826(11) 63.3 2884 (14) 
ILC 1141 2087 (6) 66.3 3150 :I21 1829(7) 65.3 2803 (9) 1958 (5) 65.8 2977(8) 
ILC 1687 1779 (18) 56.3 3156 (11) 1788 (9) 67.3 2657(151 1784 (16) 61.4 2907(12) 
IIK 1748 1797 (17) 55.3 3249(10) 1775(10) 68.6 2588 (17) 1786(14) 61.9 2919(111 
ILL 6104 1850(15) 55.8 3316 (9) 1759(11) 68.3 2576 (18) 1805(13) 61.3 2946 (9) 
IK 6118 1745(20) 57.3 3048!16) 1541!19) 63.6 2422 (7) 1643 (20) 60 .1  2735 (18) 
102 4958 2230!1) 61.9 3602(3) 2055(3) 71.0 2893 (7) 2143(2) 66.0 3248(4) 
Mean 1805 58.6 3078 1629 62.4 2612 1717 60.4 2845 
C.V. (%) 2.70 
SE of difference kt- t m  date xeans 102.5 
SE of difference kt- t m  g e n o t p  mans 112.0 
SE of difference kt- t m  g e n o t p  rreans at the - level of the date 202.7 
SE of difference kt- t m  date rreans for the saw genotypz rrean or for 

different levels of the entry 
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2t/ha, and very little nxbction in yield was noticed w i t h  delayed 

s o k q ,  Under rainfed condition., these four drought-tolerant lines 

produced nearly 70% yield of that obtained under irrigated conditions 

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

drought-prone g e m t p .  

Correlations of seed yield with other cha?=acters on tvm dates of 

sa&q and tsm irrigated caditicas are given in Table 2.1.24. Like 

Table 2.1.24. Correlation of seed yield with other variables as 
affected by t m  dates of sawing and t w  levels of 
misture reg i res  at Tel Hadya in the 1992 sp-. 

Variable Date of sowins 
(28 Feb) (20 Ivlar) 

Rainfed Irrigated Rainfed Irrigated 

Days to flowering 
Days to mturity 
Plant height (cm) 
Primary branches 
Secondary branches 
Pod number 
Filled pod 
% filled @ 
Shoot bi-s (kg/ha) 
Harvest index ( 0 )  
100 seed weight (g) 
Rating score 

the previous t w  seaims, yield was positively associated with early 

maturity and total biolqical yield and negatively currelated with 

height (Pfl. 01) . G t h e r  characters had no asmiation. 

Three general conclusions can k drawn f ran these studies: First, 



draqk-tolexant lines, in.-, are early nn tmkg .  S e m d .  lines 

will ke preferred which #m well under dry d t i o ~ l s  h t  are able 

to take full ~a&antage of any aditicmal nuisture available. (For 

-1e. FLIP 87-58C and FLIP 87-59C perform4 equally well under the 

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

and YC 6118 morrrrd d l  under the 4y qring of 1990 arid 1991, but 

did m t  do w&L uder w t  spring). Third, sowing on 20 bkc seens 

apprqriate for saeenbg drought-resistant c h i c k p a .  

The seed yield data from three years (1990, 1991 and 1992) - 
used for stability analysis. The d y s i s  of variance of seed yield 

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

vias highly sicpificant indicatiq that genotypes differed m?ied l y  in 

response to envirormental charges. The average man seed yield per 

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

arid ccefficient of determination (F?) are given in Table 2.1.26. Seed 

yield per plot averaged fron 274 to 1125 kg/ha. mR genotype FLIP 87- 

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

variance estimate of this gemtyp reflected the l m  variability of its 

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

1929 perfom& in the m m e r .  These genotypes are thus the mxt 

stable and high yieldkg genotypes with great potential for spring 

scrwing . 

K.B. S W ,  M. Qmr, M.C. Saxena (ICAfo, and C. Johansen (ICFaSA!r) 



Table 2.1.25. Pcoled analysis of variance for seed yield/plot of 25 
chickpea genotypes grown in three years at Tel Hadya, 
Syria 1990, 1991 and 1992. 

Source of variation D.F. Mean square F value 

Genotype 24 169592 7 .68 
Genotype x date x moisture 74 479639 21.73- 
Genotype x Year + Year 50 628461 28.47 
Year 1 29798300 1349~ 
Entry x Year (linear) 24 44701 2 .02' 
Pooled deviations 25 22077 3 .a' 
Pooled e m r  144 6663 

Table 2.1.26. The average perfomce of 25 genotypes of chickpea 
grown in three years 1990, 1991 and 1992 at Tel Hadya, 
Syria. 

Genotype Mean yield Regression coefficient of 
(kg/ha) coefficient determination 

ILC 72 299 0.626 0.9064 
ILL 3279 371 0.715 0.9330 
FLIP 85-142C 274 0.577 0.9000 
FLIP 86-12C 352 0.659 0.9476 
ICCV 88504 653 0.961 0.9966 
ICCV 88512 591 0.870 0.9995 
ILC 1929 1004 1.170 0.9778 
ILC 482 825 1.063 0.9992 
ILC 1919 774 1.137 0.9978 
FLIP 87-5C 861 0.872 0.9913 
FLIP 87-7C 849 1.033 0.9843 
FLIP 87-8C 875 1.012 0.9995 
FLIP 87-51C 1093 1.286 0.9807 
FLIP 87-58C 966 1.150 0.9849 
FLIP 87-59C 1125 1.225 0.9993 
FLIP 87-80C 586 1.062 0.9913 
FLIP 87-85C 943 1.116 0.9915 
ILC 710 879 1.130 0.9888 
ILC 830 729 1.024 1.0000 
ILC 1130 810 1.114 0.9935 
ILC 1141 741 1.230 0.9804 
ILC 1687 792 1.098 0.9543 
ILC 1748 951 1.051 0.9536 
ILC 6104 959 0.988 0.9837 
IJX 6118 862 0.831 0.9893 
Mean 766.6 kg/ha 



2.1.5.2. Effect of plant density an cold tolerance in chickpea 

Five genotypes with varying level of cold tolerance were used to study 

the effect of three plant densities, (33.33, 44.44, and 66.66 plants 

per IT?) on their cold tolerance at Tel Hadya and Breda for t m  years. 

The analysis of variance for cold tolerance at different locations and 

years revealed that mean square due to plant density was non- 

significant at Tel Hadya m both seasons, whereas it was significant 

only at Breda in 1991/92 (Table 2.1.27) . This indicated that 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. 

Mean scruare 

Source of 1990/91 i991/92 
variat ior. d . f . Breda Tel Hadya Breda Tel Hadya 

Replication 2 0.269 ns 
Date (D) 1 9.025 ** 
Error A 2 0. ~ 5 8  
Population !P) 2 0.136 ns 
D x P  2 0.525 ns 
Error 8 0.281 
RltT (E) 4 30.997 ** 
D x E  4 5.136 ** 
E x P  8 0.226 ns 
D x P x E  8 0.532 * 
Error B 48 0.200 

* Ps0.05, ** Ps0.01 

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

chickpea. 

R.S. tklhotra, K.B. Singh and M.C. Saxena 
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2.1.5.3. Inheritimce of resistance ta race 4 of AmmAwta rabiei 

Inheritance of resistance to race 4 of Asccchvta rablel was studied in 15 

gemplasm accessims m greenhouse d u r i ~ ~ ~  1991/92. Resistance m ILC 200, 

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

Whereas, resistance m ILC 202 and ILC 2956, was gmemd by tvu recessive 

ccmp1ementa.q genes and m ILC 5586 by two daninant axplemntaxy genes. 

Resistance m ILC 2506 was controlled by two recessive genes with 

epistasls. Resistance m ILC 3279, ILC 3856 and I K  4421 was controlled 

by 3 recessive genes. Resistance m LLC 72, ILC 182, 1LC 187 and ILC 5902 

was m e  complex. 

K.B. Sin@, M.V. Reddy and M. Labdi 

2.1.5.4. Ransferability of selectim indices £ran draqht-free to 

drought-prone envirmwnts in chidpea 

An expriment was mducted at two drought-free and one drougkt-p- 

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 envimnment appropriate for the devel-t of cultivars 

adapted to bth sets of envimmts. 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 prime importance in increasing seed yield. Regression 

equations develaped to predict seed yield shcrwed that days to flower and 



55 

mturity accounted for 67 to 809; variation in seed yield at dry lccation, 

whereas at drought-free lcrations contribution of days to mturity was 

little except in 1991 at T e r b l .  The percent of success in the 

transferability of selection idices f m  drought-free enviro-ts to 

drought-prone enviro-t was higher. These results susst that the 

chickpea mterial developed under favorable envimmts could be useful 

under bth favorable and non-favorable (drought) enviromts and that 

early mturing lines selected under favorable enviromt d d  also adapt 

better in droughty conditions. 

K.B. S-, G. Bejiga, M.C. Saxma, andM. S m  

2.1.5.5. Genetics of seed size 

Seed size is an important quality character in chickpea receiving the 

highest priority in b r e w ,  after yield and disease resistance. Yet 

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

cond~~ted to determine the genetics of seed size in chickpea.. Six lines 

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

ccnplete diallel cross. The 6 parents, 15 Fls, 15 reciprccal Fls, 15 F2s, 

15 BC, to parent 1 (Bl), and 15 BC, to parent 2 (B2) were grown in a 

randmized cmlete block design with t m  replications and data on seed 

size were recorded after the harvest. Analysis of variance shmed that 

general ccmbining ability was significant, suggesting that additive gene 

action is important for seed size. The estimated genetic paran-eters 

s M  that additive gene action was mre important in all crosses except 

one. Corninant gene action was observed in seven crosses, but it was m3re 

inprtant than additive gene action in only one cross. Pdditive and 
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dcminant gene actions due to maternal effects w e r e  realized in 7 crosses 

and 6 crosses, respectively. The 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. Conventional pedigree and bulk 

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

Geletu Bejiga and K.B. Shgh 

2.1.5.6. Selection criteria for yield in winter-swm chi- 

A total of 6224 kabuli chic-a germplasm accessions were grown at Tel 

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

developing selection criteria for yield. Observations were recorded on 

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

path analyses were done to determine the relationships between yield and 

other characters. Results shaved that seed yield had significant and 

positive associations with all the characters studied. Correlations of 

seed yield with biolqical yield ( 0 . 8 5 6 * * ) ,  harvest index (0.590**), 

number of seeds/& (0.566**) and canopy width (0.521**) were high and 

significant (P<O.Ol). The high correlation between days to 50% flowering 

and maturity suggests that days to 50% flowering can be used to identify 

early and late lines even where cmp mturity is affected by terminal 

drought. Path coefficient and stepwise regression analyses indicated that 

biological y~eld, harvest index and days to mturity can be used 

simltaneo~si~ to select for high seed yield in chickpea. 

Geletu Bejiga and K.B. Singh 
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2.1.5.7. Evaluaticm of kabuli chi- gemplasm for tolerance to 

herbicide 

One thousand four hundred and three kabuli chickpea accessions were gravn 

during autumn winter and spring 1988-89 and 1989-90 season to evaluate 

their reaction to m n l y  used herbicide Iqran + Kerb. The trials were 

grown at Tel Hadya. The results showed that there were significant 

differences between winter and spring seasons, indicating that herbicide 

damage is ~nfluenced by the season of planting, &mge being mre in 

spring than winter scwmng. Scu* also showed :hat genotypes responded 

differently to nerbiciae. 

Geleu Bej iga, K.B . Singh and M.C . S a x m a  

2.1.5.8. Evaluation of wrld collection of kabuli chi* for resistance 

to iron deficiency chlorosis 

Iron-deficiency chlorosis is ofter. seen in s m  chickpea fields in the 

Mediterranean region. Thls is particulariy severe in the winter-sown 

fields when lron-inefficient lines are p i m e d .  'Therefore, to facilitate 

supply of iron-efficient lines LO rational p r q r m s  arid IC?RDA1s ckiclcpea 

breedlng prqram, 5224 kabuli chickpea germplasm accessions were field 

evaluared for inn-deficiency chlorosis on a Calcic Rhodoxeralf soil (pH 

8.5, 2C-25% calcium carbnaze) at Tel Ham dxing k t h  winter and spring 

of 1987-88. m e  lines identifie6 as s~sceptible durlng 1987-88 were grown 

again durlng autumn, winter and spring of 19aa-89 for confimtion of 

their susceptibility and ro - d n e  the effect of sowing ti= on the 

appearance of the deficienq ;.tens. 
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Absut 99% accessions *re resistant to iron- deficiency chlorosis. 

Evdluation of susceptible lines d u r i q  autm, winter, and spriq sa&q 

revealed that iror-deficiency chi-is was mre p-ced during winter 

m d n c ~ .  There were also significant genotypes x time of scrwing 

interactions. Since the iron-deficiency chlorosis character is catrolled 

by recessive genes, a negative selection, as used in chickpa improvemsnt 

p q a m  at ICARDA, is recorrmended as an effective breeding strategy. 

Geletu Bejiga, K.B. Singh a d  M.C. Saxena 

2.1.5.9. Genetics of time to flcuw 

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

flowered in 130, 130, 154 and 152 days were gram in a amplete diallel 

cross to determine the genetics of ti= to flmr in chickpa. 'Ik 

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

backcross to parent 2 (E$) were grown in a randanized complete block 

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

Fls since there were many miss- plots due to low n d r  of seeds obtained 

f m  late flmring parents. 

Results shmd that b t h  general nmbining ability (gca) and specific 

dining ability (sea) *re significant suggesting that both additive and 

non-additive type gene actions are inprtant for time to flower. Hcwver, 

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

action is mre inprtant than non-additive type gene action. An estimate 

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

cross confirmed the importance of additive gene action. 

K. B. Sir& and G e l e t u  Be j iga 



2.1.5.10. Evduaticm of elite rmtanta 

Of the several hundred c h i c k p a  m t a n t s  iden t i f i ed  in the  induced mtation 

studies at ICARDA f m  1987/88 t o  1989/90, 152 mtants WE evaluated f o r  

y i e ld  and other  14 characters dur- 1990/91. Fran these, 33 m t a n t s  were 

chosen and grown with three checks, ILC 482. ILC 3279 and FLIP 82-150C in 

a rep l ica ted  y i e ld  t r i a l  during 1991/92. Results of a few selected lines 

are shown in Table 2.1.28. Five m t a n t s  have been selected f o r  high 

yield, one f o r  e a r l y  maturity, one f o r  tall s ta tu re ,  tw f o r  l a rge  seed 

s i z e ,  one f o r  l o q  pod and one f o r  cold resis tance.  These 11 mtants w i l l  

be evaluated f o r  y ie ld  next season. 

M. Qmr and K.B. S m  

Wle 2.1.28. L i s t  of the m t a n t s  giving higher y i e ld  ( k g / b )  , e a r l i e r  
flower- ( D m )  and larger seed s i z e  (100 sw, g) than the 
or ig ina l  chickpa l i n e s  used f o r  m t a t i o n  a t  Te1 Hadya, 
Syria,  1991/92. 

Entry Seed y ie ld  DFIR PIHT 1 O O S W  
(Rank) 

ILC 482 
1L.C 3279 
FLIP 82-15OC 

Mean 
sm. (21 
LSD (P<0.05) 
C.V. ( % I  
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2.1.6. Studies an Wild Species 

2.1.6.1. Interspecific hybridizaticm 

Past evaluation of eight annual Cicer species revealed presence of high 

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

beetle, cyst nematode and cold) . This encouraged us to make interspecific 

crosses using nine annual Cicer species including the cultivated species 

in a diallel set. It was found that only C. e c h i n o m m  d C. 

reticulatum could be 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. ec- and C. 

reticulatum during 1988/89, Fls were grown in 1989/90, and parents, F,s, 

and F2s were evaluated for a n h r  of agronomic characters in a replicated 

trial during 1990/91. 

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

parents, Fls and F,s or betwen the two F, crosses (Fig 2.1.4) ,  but 

differences were found when the 8 cross combinations were ccqared. 

Differences between the 16 F2 elations were observed in nine cross 

combinatians . 

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

shortest (Fig 2.1.4) . The mzan height of the Fls and the F2s did not 

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

that of the wild parents. There were no differences betweeen t m  F1 cross 

(Fig 2.1.4), but differences m n g  the eight cross cdinations were 



Figure 2 . 1 . 4 .  a .  Figure 2 . 1 . 4 .  b .  
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Figure 2.1.4. Interspecific hybridization of C. arietinum with C. reticulatum (R) and C. echinoscerrmun 
(E) . Chprison between F,s, Fzs and parents : For (a) days to flower; (c) plant height. 
Canparison kt- parents and R x E derived F,s and FZs: For (b) days to f l m r ;  (d) plant 
height. Bars with the same letter are not mfferent at P20.05 using LSD. 
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present. There was no variation between Fls and F2s, but there were 

variations anrmg F2 pqndations. The F2 of C. arietinun (ILC 3279) x C. 

echinoscermrm was the tallest population. 

Mean number of seeds/plant of Fls, F2s a d  of cultigen lines did not 

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

The two F1 crosses differed (Fig. 2.1.5) . Differences were seen within 

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

reticulatum F1 was the best hybrid having the laryest number of seeds per 

plant. F2 lxilks did not differ with each other. The F, populations 

including C. echinoS13ennum did not differ frcm the Fl except those 

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

C. arietinum (ILC 482) xC. reticulatum F2 andC. arietinum (FLIP 82-150C) - 

x C. reticulatum F2 were the best. 

Mean biolcgical yield of the Fls and cultigen lines was identical, but 

higher than that of the wild parents (Fig. 2.1.5) . The F2 did rDt differ 
from the cultigen. The two F1 crosses also did not differ (Fig. 2.1.51, 

but differences were present within their cross canbinations. O-oss 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. echinos~ennum 

F2s performed ketter than wlld parent and did not differ from the F1 and 

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

yielded less than the F1 and did not differ frcm wild and cultigen parent 
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The mean seed yield of the cultigen lines was four times mre than 

that of the wild species lines (Fig. 2.1.6) . The man yield of the F2 was 

lower than that of the F, but higher than that of the wild species. The F,s 

s h e d  high heterosis as compared to the wild species but did not differ 

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

Difference was seen between C. arietinum (ILC 3279) x C. reticulatum F1 and 

C. arietinum (ILC 482) x C. retidatum F1. No differences were found - 

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

arietinum (FLIP 82-150C) F2 and C. e c h i n o w  x C. arietinum (ILC 482) 

F2. 

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

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

than cultiqen; the F, performed better than the F,. Within the Fl crosses 

C. ariet~num x C. echinoxemnm - perfomxed better than C. arietinum x C. 

reticulatm 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 g. arietinum x C. echinommnm was the best and C. arietinum 

(FLIP 85-122C) x C. e c h i n o m m  was the best population. 

K.B. SinghandB. Ocampo 

2.1.6.2. T r m f  er of genes for resistance f r u n  wild to cultivated species 

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

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

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

482 and FLIP 87-690 during 1989/90. F2 plants were evaluated in 1990/91 
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and 417 promising plants were fcnmd. 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 grawn in 

the off -season of 1992. During 1990/91, four mre interspecif ic crosses 

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

FLIP 84-92C. The F,s were grown in the off-seam 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 p d c e  

F, seeds. 

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

for cold tolerance fran the two wild species, C. echinosDem and C. 

retidatum. Since then, crosses have k e n  made each year. Luring the 

1991/92 season, 8 F2, 13 F3 and 3 F4 e a t i o n s  were sown in the cold 

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

was adueved. In June 1992, 50 F2, 50 F3 and 20 F, 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 indekiscence characters. They thus appeared 

very promising. Eleven best plants frcm F2-F4 generations were backcmsed 

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

cold conditions. These will be evaluated in F3 for cold tolerance. It 

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

transferred £ran wild to cultivated species. 

K.B. SingI-~ and R.S. W t r a  (I-), N. Or-, and M. D i  V i t o  (Italy) 
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2.1.7. Qudlity and Use 

2.1.7.1. Protein cmtent in newly develcped lines 

The differences in the protein cuntent of chickpa f m  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. S m  

Table 2.1.29. Mean protein content (%)  of the entries grown in t m  seasons 
(winter and spring) and four years (1987/88, 1988/89, 
1989/90, 1990/91 and 1991/92 at Tel Ham, Syria. 

Y e a r  No. of entries 
Winter Spring 

Season 
Winter spring 

2.1.7.2. Survey of usage of chidqea in Syria 

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

of chickpea consumption in different dishes is unknown. Knowledge abut 

these can be of use in chic-a irrpmmnt reseach. Therefore, a survey 

was conducted to assess the use of chicba in differ~nt preparations, to 

determine the chickpea quality needed for each preparation and to find out 

difference in usage of chickpea in villages and cities. 



Table 2.1.30. Mean protein content (%) in 13 preliminary yield trials 
gx,m during winter and spring at Tel H a m ,  Syria, 
1991/92. 

Name No. of entries Protein content C.V. (S.E.1 
Winter Spring Winter Spring Winter %?ring 

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) 

Check 2 2 21.4 22.1 

E = Early; T = Tall; L = Lase. 

The survey cover4 16 cities and 16 villages in Syria representing 

differe~t aqroecolqical zones and population densities. Three different 

questionnaires were used fcr suwey of consumers in cities and villages 

and the survey of mufacturers of different dishes. SurJey among city 

and village consumers focussed on the quantity of chickpea used for each 

preparatmn and the pro~rties of seed needed for each. Chiclcpea food 

industry was smeyed zo find out daily chickpea consungtion and 

properties reeded. 
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The survey revealed that ckickpea is used in 38 different prepara- 

tions. I t  is consumed by both c i ty  and vlllage inhabitants. C o q t i o n  

differs amng the rlch and poor families. Consumption of chickpea is m r e  

in villages producing chickpea than in c i t ies .  However chiccpea is 

consumed in  a l l  c i t ies .  I t s  consumption is ma l l  to  n i l  in those villages 

which do not produce it. In c i t ies  chickpea preparations are mre  

consumed by low- and middle-incm classes,whereas in villages a l l  classes 

of people consume it. Waam amunt of c h i c w a  is consumed for the 

preparatlcn of Falafel in village and ci t ies  followed by Tiscruieh, H m s  

bitahineh, H m s  b iwaka ,  & b i h m s ,  and binomnos. 

Consumption of landraces such as Darousi i s  decreasing and the demand 

for the new cultivars, Ghab I and Ghak 2 ,  i s  increasing because of their  

suitabil i ty t o  mjor i ty  of ckckpea preparations. 

F r o ~ r t i e s  preferred by the mjorizy of consurrers i n  c i t i es  and 

villages and by nanufactlrers fcr the preparations requiring use of whoie 

seed are medium seed of uniform size, rcugh shape, thin husk, k l g e  color, 

and high hydratior. capacity. ?or ?reparati- wllere mshed seeds are u e d  

the same properties are required, except that seed shape is not iqmrtant. 

The unifol-mity of seeds i s  very impcrtant for large scale mufacturers  of 

Honms bitahmeh. Non-uniform seeds give different degrees of cooking a t  

the end of boiling period producing bad qdality of the final product. 

Mechanical hamested chckpea being free of mall stones is preferred in 

canparlscn t o  hand hanesced produce. Stones cause h q e  to  sieves used 

for ciuckpea cleaning and to  mshing rrachine in the f a c t ~ r ~ e s .  Separation 
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of stones mually is time consuming and expnsive. Physical and chemical 

structure of cotyledom are the mst important characters determining the 

suitability of chickpea cultivars for the preparatim of p%m safra. 

Medium-sized seeds were found to be most suitable f o r m  preparation. 

Survey further revealed that Ghab 1 and Ghak 2 are used in large 

quantities by the Syrian mfacturers in the preparation of @am malha. 

An iqrtant finding of this survey was that chic- is used in Syria as 

a htrate for yeast developrent in cake preparation. 

A. El-Saleh, K.B. Singh and M.C. S a x e ~  

2.2. Mlecular Te&Lques in Chickpea Iqmmment 

2.2.1. Developmnt of Nm-radioactive CBSL-marker Tec lmique  

In order to use DNA-markers which have already been mapped elswhere a 

bacterial transformation system has to be established. Single cqy DNA- 

markers are usually inserted as foreign DNA in a bacterial plasmid vector. 

Plasmid DNA can be intrcduced into bacteria by subjecting them to a heat 

shock or high electric current which makes them temporarily permeable to 

m l l  DNA mledes. To identify these transforms, a selecable marker 

(ampicillin resistance) ended by the plasmids is used. 

Thirty chicwa clones of a cDNA library supplied by Dr. F.J. 

Muehlbauer, Washington State University, Pullman, USA, were transformed 

using above technique and grown. They are maintained in a glycerol 

culture stored at -45OC. The amplified plasmids have been extracted out 

of the bacteria by mini plasmid preparation (Fig. 2.2.1). In this fonn 

they can serve as a template for labelling with the nonradioactive 

mlecule digoxigenin. 



Figure 2 . 2 . 1 .  Optirrization of the PC3I reaction on the Hybrid FCF-machine 
for t w  different chickpea clones (frcm right to left top 
part of gel! ; lane L mker, l=e 2, 3, 4 !first chickpea 
clsne) 5, 5, 7 (second chickpa clone) Taq-plywrase conc. 
0.5, 1, 5 u~its respectively, lanes 8, 9, 10 and 11, 12, 13 
priner tor-c. 0. C5, 0.1 and 0.2 pM, bottom part of gel lane 
1 rmrker, lanes 2, 3, 4, and 5, 6, 7 dNI'F conc. 50, 100 and 
230 PI, Lanes 8, 9, 10 and 11, 12, 13 MgClz conc. 0, 2, 4 
m. 

Using the Polymerase Chain Xeaction i-), DNA sequences can be 

amplified using the bacterial Taq-plywrase. If one of the artificial 

nucleotides is subsrituded by -he r.onradLoactive-labelled mlecule UTP- 

digoxigenin it will be hilt xto the douhle stranded DNA mlecule. In 

comparison with the unlakelled DNA it will run slightly slower on an 

agarose gel. ';his labelled-Em seqience car. :hen be used as a labelled 

probe in a n~cleic acid hybidization. lzie :%ve optimized the conditions 

for the PCR labelling with our PCR mchine (Figure 2.2.2). We are able to 

label smngle-copy sequences (CNA-rrarker) nonradimctively (Figure 2.2.3). 



Figure 2.2.2. Amplification of 10 cDNA chickpea clones within the PCR 
reaction: a) identical replication (as seen, f m n  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, 14, 16, 18, 20 and 22) . Final concentrations of single 
comporznts in the reaction mixture were (100 p1) : reaction 
buffer lx, nucleotides ATP, W, CTP, units, reverse and 
sequencing primer pUC/M13 0.2 pM. In the labelling 
reaction with digoxigenin 10% of the nucleotide TlT 
concentration was replaced by digoxigenin-11-UTP. 

Figure 2.2.3. MirAplamid preparation of 5 chickpea clones. Inserts were 
cut ol~t with an EcoRI/HindIII restriction digestion. From 
left to right lane 1pUC18 linarized with HindIII, lanes 3, 
4, 5 clone C71, lanes 6, 7, 8 clone C69, lanes 9, 10, 11 
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 

norzzckioact ive-laklled, s;ng;e-copy probes and ::heir detection with 

chemiluminescence. Nonradmactive-labelled probes which are hybridizedto 
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gencxnic DNA are detected with an ant- and visualized with a 

chemiluminescence reaction. 

M. Baum and F.J. M~ehlhuer  (WSU, Pullman) 

2.2.2. Wide Qpssing 

Crosses between Cicer arietinux =d wild relatives except C. reticulatun 

and C. e c h i n o a m  are usually not possible. A wide crossing program 

was iniziated between C . arietinum and C. bi4usum, . iudaicum and C. 

L~tifidu;n. Pre and post fertilization barriers will be studied. We 

are aiming to establish polyploids which can be crossed either with 

dipioids or with tetraploids in order tc prcdLce either fer-ile hybrids or 

to inaxe recombina:~on between tke chrcmwsomes frm the different 

species. M. Baum and K.B. Singh 

2.2.3. DL% Marker for Vziety Identification 

Use of DNA-mrker fcr varlety identificatian will allow to follow up the 

distribution of newly released cultivars ( G h b l ,  Ghab2, Ghab3) and to 

check the purity of the mterial. Flants were sampled frm seed 

multiplication fiel3s within Tel :+Jaw. M enqme/probe cdinations 

were scccessful to distinguish betweer- all 3 cultivars Flg. 2.2.4. and 

2 . 2 . 5 .  EspecialLy the conbinatlcn BamHIi i'Z&TA), reveals vaxiety-zypical 

banding patterns. Ghabl IS characterized by the presexe of a band with 

10,000 bp length, Ghab2 carries a cultivar-typical band of 7,603 bp length 

and -3 shows a unique band cf 6,000 bp ie~.~h. Tne cenetic variability 

within the cultivars and the genetic d~szance between them will be 

calculated when mre plants are CNA-fingerprir-ted uslng FYFLP. 

F. Weigand and W. Chumne (University of Lattakia) 



Figure 2.2.4. DNA-fingerprints of chickpea cultivars. Total IN& was 
digested with BamHI and probed with the digoxigenin labeled 
probe (CP,TA), . Lane 1 contains the molecular weight 
marker. Lanes 2-5 contain 4 individual chickpea plants of 
the variety Ghab3. Lanes 6-9 contain 4 individuals of 
Ghab2. Lanes 10-13 contain 4 individual plants of Ghabl. 
Black triangles mark cultivar-specific bands. 

Figure 2.2.5. DNA-fingerprints of chickpea cultivars. Total DNA was 
digested with TaqI and probed with (GATA)L. Lane 1 
mntains the mlecular wei9ht mker. Lanes 2-5 contains 
individual plants of Ghab3.  Lanes 6-9 contain individual 
plants of -2. Lanes 10-13 contain individual plants of 
Ghabl . 



2.2.4. LBA &ker for Resistance to kscochyta Blight 

From a cross made between the Ascochyta blight susceptible line ILL 1275 

and resistant line I K  3279 a segregating F2 population was analyzed to 

identify bands which correlate with -be trait expression of blight 

resistance. Figure 2.2.6 shows DNA-fingerprints of the selfed parents. 

The banding patterns are nearly identical between :'?R siblings and 

indicate a high degree of homswosity w i t h  the respective parents as 

well as a law mutation rate at the hypervariable loci tagged hy the 

repetitive oligonucleotide probe. Figure 2.2.7 shows the F2 population. 

A close linkage between the presence or absence of a band and Asccchyta 

blight resistance could not yec be established. 

F. Weigand, S. Wrgi (1-1 and G. Kal-d (University of hanlnut) 

--- - . - p . - - -  . 1:: - -  - -  1. 

Y 

3 -  

Figure 2.2.6. Dl@-fmqerpririts 3f selfed siblings of X C  1275 and ILL 
3279. T~tal D M  was dig~steci with TaqI m.3 probed with 
(mTA:,. m.es 1-6 contair. the individcal prcgenles of I K  
1275. M e  7 csntains _no rulecular welght mr<er. Lane 8- 
1: contain ~ndivlciuual umgenles of ILC 3279. 



Figure 2.2.7. Oligonucleotide fingerprinting of TaqI-restricted DNA from 39 F, plants from a cross between 
chicwa accessions ILC 1272 x ILC 3279 with (GATA)&. 
PI: parent ILC 1272, P*: parent ILC 3279.hSstE was used as mlecular weight h e r .  
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2.2.5. Variability in Asccchyta rabiei 

Prqrams for cor.trol of Ascochyta blight a d  resistance breeding in 

chickpea necessitate a reliable identificatioE and c:mracterization of 

A. rabiei pathotyps and ppulatims. The classical biological - - 

pathotypl~g technique, uslng a set of cLffere7t host genotyps, is 

laborious, tire comuning and requires strict standardization of test 

corditlons. Its use is limitea to express extreme differences in 

plant-pathogen interactions. A reliable characterization of the 

genetic rake-up of different szrains of 8. rabiei, their levels of 

aggressiveness, tneir mert of variability, geqraphlc dmtribution 

and their genotypic and ~henctpic interaction(s) with the host plant 

is, therefme, very d-ff:culL to 2ch:es.e by means of biological 

pathotyping . 

In collaboration with Ur.ivers:ty of Frankfurt, Gelmany a 

nonraaioact~ve DN-mrker rechnlq~e :RFZP fingerprlntingi has ken 

developed for genetic typ:ng cc differentiate between 8. rajiei 

isolates. Tb-e tesrlnrj of various isdates was standardized a d  is 

routinely prfo~med usxg tF.2 restr1ct:on enzyre Hlnf I and the 

hgoxigenated oligor.~cleot:de ?rsk (GATA: h .  This enzpjprobe 

hinatior. gives the best d:scr:r;na:lng power t3 distinwlsi between 

A. rajiei isolates. 

During 1992 A. sdqles were czllected frcm all chc:qea 

growing areas ir. Sj~ia. These were ad535 r3 zrz sxiszing ccllection of 

6 isolates obtalrled ir. 1911/!32. 3:s tc :be -7f-7. i. aqor&le weather 

condit~cm in 1992 &coc:l#a blight dld not cievelo~ into severe disease 
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outbreaks and new isolates could only be collected in a few locations 

and did not permit to apply a systemtic sampling scheme. Figure 

2 . 2 . 8 .  shows the collection sites in Syria. Newly collected isolates 

Figure 2.2.8.  Map of the region where A. was sampled during 
1991/1992. Collection sites are marked with an open 
circle. 

have been cleaned and purified and were added to the Ascochvta rabiei 

Germplasm Catalog with the abbreviation AA for Asccchyta Aleppo and a 

running ndcer as new accessions. For genetic population studies in 

plant pathqenic fungi a hierarchical sampling scheme has to be used. 

This hierarchical sampling scheme wlll allow to reveal the genetic 

variability in populations, between populations and m n g  them. This 

information will help in deciding the future sawling strategy and the 

number of isolates to be collected per chickpea gxrniing area to make a 

meaninfiul population szudy to mnitor the mutation rate, frequency of 

sexual reccxnbination events, shifts in ppulation and migration of A. 

rabiei genotypes in the FlANA region. The genetic typing of new 
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accessions was cqlemted with the biolqical typing to characterize 

their level of agqressiveness. Once a new accession is shown to be 

distinguishable by genetic as well as biological typing it will be 

called a race with the abbreviation UU? (for International Asccchyta 

rabiei) and will be given a running number. Figure 2.2.9 shows the 

genetic typing of new accessions. 

Figure 2.2.9. Genetic typing of new 8. rabiei accessions from 
different locations in Syria: Lane lj Tel Ham site a 
(AA13) , 2) Tel Hadya site b (AAi5), 3 )  Jinderiss (AA17), 
4) Ghab valley (AA11), 5) Izraa site a (AA10), 6 )  Izraa 
site a (isolated from the sane lesion as PA10) , 7 )  Izraa 
site b ( m j ,  e )  Izraa site b (isolated from same lesion 
as PA8j. Molecular wight mkers are indicated in 
kilobases. 

The accessions frcmtm fields close to Izraa (AA10 and A A 8 ) ,  Ghab 

valley (ANl), Jinderiss iAA17) and one new sample frcm Tel Hadya 
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( N 3 )  could be distingiushed from each other and they also differ from 

all the isolates collected during 1981/82 (see LP Annual Report 1991). 

A second newly sampled isolate from Tel Hadya ( N 5 )  is 

indistinguishable frcm two isolates sampled in 1981/82. These 

relatively small set of data indicate that many different genotypes m y  

exist in Syria. Migration of genotypes might occur over large 

distances since the same genotype was sampled in t m  lccatians h u t  70 

?un apart (Tel Hadya and Jinderiss) . One new accession was isolated 

from Tel Hadya and is indistinguishable from 2 isolates which are used 

in the Ascochvta blight nursery. When 2 isolates were mde out of one 

lesion they could not be distingiushed. The reidentification of 

genotms from distant locations, after artificial release or 

originating frm one lesion indicate a higher genetic stability of A. 

rabiei genotypes than ecced. 

The results from genotyping the new accessions were mpported 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 standarchzed seedling test to determine and 

compare the level of aggressiveness of new A. accessions. As an 

exanple, the new accession from Jinderiss (AA17) shaus the same strong 

aggressiveness as one genotypically indistinguishable sample collected 

at Tel Hadya ( m 5 )  (Fig. 2.2.10) . Such a high level of aggressiveness 

is contrasted by a easy distinguishable genotype f m  

Izraa (AA9) which posses a lower level of aggressiveness (Fig. 2.2.10) . 
F. Weigand, A. Djandji (ICARDA) and G. Kahl (University of hcankfurt) 
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Figure 2.2.10. Biological typing cf three 8. rabzel accessions 
collected cisring 1991i92 at three different locations 
in Syria. Accession AM from I z ra ,  PA15 frcm Tel Hadya 
and AX7 frcm JinGriss. 
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2.2.6. Marker for Lea* Resistance 

To identify DNA-mrker (s) for leafminer resistance in chickpea, parents 

with contrasting reaction to Lirima ciceri were crossed to develop 

the necessary F2 ppulation. Figure 2.2.11 shows the trait evaluation 

of the parents and the respective F2 ppulation. The gencm analysis 

will be conducted with the pooled DNA from F3 seeds deriving from 

individual Fz plants. 

F. Weigand, S. Weigand and A. Jaubi 

Visual damage score 

Figure 2.2.11. Distribution frequency of the visual damage score. I K  
482 was used as susceptible femle (PI) and ILC 5901 
as resistant mle (P21 parent. 
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2.3. C h i c k p a  Pathology 

Chickpea suffers f m  several diseases in the ICaRDA region, k t  

Psmchyta blight is the mst ivrtant . A mjor emphasis is therefore 

given to identify durable and stable sources of resistance to Fscochyta 

blight for use in hybridization prcgram. Of other diseases, Warium 

wilt and other soil-bme diseases are c m n  in parts of North Africa. 

Screening for wilt resistance is carried out in cooperation with 

national programs in *sia and Spain. Stunt (bean leaf roll) v i m  

is present throughout the region, but at present it is of minor 

iqrtance . 

The objectives of chickpea pathology research at ICARDA are to: (1) 

screen chickpea germplasm for identification of sources of resistance 

to Ascochyta blight by using field screening technique, (2) cmbine 

efforts with chickpea breeder tomds the develqxent of high yielding 

and cold-and Asccchyta blight-resistant chickpea dtivars, ( 3 )  share 

the resistant accessions with national programs through international 

disease nurseries, (4) morntor the presence of pathcgenic variability 

in Ascochvta rabiei, ( 5 )  study the eplddology of Asccchyta blight, 

( 6 )  collect information on other chickpea diseases in the M region 

through field surveys, and ( 7 )  develop cooperative research with 

national programs. 

2.3.1. Screening for Ascochyta Blight Resistance 

2.3.1.1. S e g r e g a t h g  generatioas 

Evaluation of chickpea segregating generations aqa-amsc six races of A 

rabiei was done in the 1991-92 season. The results of screenir,g are 



s h m  in Table 2.3.1. Fifty-three F6 progenies were 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 

season. Many F5 lines also showed a rating of 2, 3 and 4. Thus these 

large n m h r  of resistant lines allowed bulking of promising and 

uniform progenies as possible future cultivars. Also, thousands of 

plants resistant to A. rahiei in F, were bulk harvested to be grown in 

the off-season. The resistant plants in F4 generation were harvested 

individually. Gne irrgprtant achievemt of this season was that many 

early progenies were resistant to Ascochyta blight. 

Table 2 -3  .l. Reaction of F2 to F6 generations to Ilscochyta blight at 
Tel H a d y a ,  1991/92 

Reaction on a 1-9 scale 
 ene era ti on' 1 2 3 4 5 6 7 8 9 rid 

F2 Bulk 
F4 Bulk 
F5 Progeny-L 
F5 Progeny-E 
F5 m-ogeny-G 
F6 Prqeny-L 
F5 Proger,y-T 
Fb Progeny-E 
F6 Progeny-G 

' Abbreviations used were: L = large; T = tall; E = early; G = general. 

2.3.1.2. C m f i r n n t i c m  of resistance in new germplasm 

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 ratixg of 4. These 27 llnes were reevaluated during 

1991-92 and results are shown in Table 2.3.2. The resistance in all of 

them was confirmed. 



Table 2.3.2. Reaction of 27 new chickpea germplasm accessions to a 
mixture of six races of A. rabiei. 

Disease reaction of A. rabiei 
Type of chickpea 1 2  3 4 5 6 7 8 9 Total 

Kabuli 0 6 0 0 0  0 0  0 0 6 
Desi 0 1 7 2  2 0  0 0  0 0 21 
Total 0 2 3 2  2 0  0 0  0 0 27 

2.3.1.3. Screenjng of breeding lines 

All breeding lines (1615) developed between 1981 and 1990 had been 

evaluated using disease infested debris and inoculation with six races 

in the 1990-91 season. Four hundred and seven lines were identified as 

resistant with 2-4 ratlng. These lines were evaluated in the 

greenhouse and field during 1991-92 and results are shown in Table 

2 . 3 . 3 .  In the greenhouse, 139 lines showed a rating of 2 and 225 lines 

a rating of 3 to 5. Hmver, 73 lines showed susceptible reaction. In 

the field, 292 lines (78.1%) received a rating of 3 and 60 lines had a 

rating of 4. In field, only eight lines were rated susceptible. One 

hundred and seventy-tm lines were resistant under field and greenhouse 

conditions. 

Table 2.3.3. Reaction of bree3ing lines inoculated by diseased debris 
and a nixture of suc races of A. rahiei in the greerhuse 
and field, Tel H a d y a ,  1991/92 

Disease reactlon cn 1-9 scale 
Lccation 1 2  3 4 5 6 7 8  9 Total 

Greenhouse 0 109 33 50 142 64 8 1 0 407 
Field 0 0 292 60 14 6 C 2 0 3 74 
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2.3.1.4. Reacticm of lines in Chickpea I n t a m t i c a d  Asccchyta Blight 

Nursery 

Fifty entries identified resistant against six races of 8. rabiei at 

Tel Ham were furnished to axprators in 22 countries during 1991-92. 

These were also evaluated at Tel Ha*. 'PAD lines were rated 2, 35 

rated 3, 8 rated 4, and 3 rated 5. Only t w  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 part if the Ph.D. thesis of Mi-. B.A. Wlik from Pakistan. 

One of the objectives was to pyramid genes for resistance to A. rabiei 

from diverse sources. Some of the lines appeared very promising. The 

reaction of F5 and F, material was evaluated in 1991/92. All 52 F5 

progenies and 229 out if 234 F6 pnqenies had 2 rat*. The r e m a i n i q  

5 F6 prcqenies had a rating of 3. One hundred F6 and 12 F5 plants with 

2 rating and agronomically superior attributes have been selected. 

They will be evaluated next season. 

2.3.2. Susceptibility to Blight at Different Stages of Crop Grawth 

Information on the susceptibility to blight at different stages of crop 

growth is essential for selecting the appropriate stage for inamlating 

plants in the resistance breeding program. A study was conducted in 

the greenhouse (la + 3OC) in which nine chickpea genotypes differ* in 

blight susceptibility were inoculated with Ascochyta blight at 

seedling, mid-vegetative, flowering, and podding stages. Sowings were 

staggered on four dates during the fall of 1991 to obtain plants in 
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seedling, mid-vegetative, flmrkq, and podding stages for i d a t i o n  

at the same date. A split-plot design was used with stages as min 

treatments and genotypes as sub-treatments. For each stage of 

inoxlation and each genotype, 3 pots with 5 plants in each pot 

replicated three times were used. 

The plants were inoculated by spraying a spore suspension (100,000 

spores IT?.') of the rruxture of six races of A. a and covered with 
plastic cages for a week to increase relative humidity to over 65%. 

Severity of blight was scored on a 1-9 scale one month after 

incrulation. The wriment was conducted between October and December 

1991 and then repeated between January and March 1992. 

Bl ight  severity score 

L.S.D. (596) . 0.523 

Seedling Vegetat ive  F lower lng  Podding 

Stage of  crop growth 

Figure 2.3 .l. Mean blight severity score of nine chickpa genotypes 
when infested at four stages of crop grauth. 
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The blight se7?erity 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 qravth. 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 flowering stage. However, at these two stages blight 

severity was significantly mre than the seedling stage but less than 

at the pcdding 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. S b g h  and M.V. Reddy 

2.3.3. -ents of Resistance to Asccchyta Blight 

The effect of the various components of resistance on the disease has 

been shown to vary with the different developental stages of the 

plant-. Not onlythe latent period but also the sporulation capacity and 

the lesion expansion kave been reported to vary between the seedling 

and tne adult stages of the plant. The effect of the developmental 

stage of the chickpea plant on the expression of the c w e n t s  of 

resistance was, therefore, studied. 

Sixteen chickpea genotypes of variable susceptibility levels were 

selected. Studles were undertaken at the seedling stage on plants 

grown iri the growth chamber and at the flowering stage on plants grown 

in the greenhouse. The disease development was also followed up to the 
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podding stage on plants i n  the field.  A mixture of several A. rabiei 

isolates was used for ar t i f ic ia l  inmla t ions .  

For the growth chamber expriment seeds were planted in sterilized 

soi l  in small f l a t  plastlc trays wlth 5 plants per genotyp and 5 

genotypes per tray. Each tray was replicated 3 times and the trays w e r e  

randomly distributed i n  the growth chamber in a c q l e t e l y  randomized 

design. The growth thanker was set  on a 14h day temperabxe of 20°C 

and a 10h night temperature of 15OC. Ten day old seedlings were 

i n m l a t e d  with a spore suspension a t  a concentra~ion of 300,000 spore 

r L 1 .  The plants were then covered wizh a plastic cover for 96 h t o  

ensure proper infection conditions. 

Three days after inoculations, regular readings were started on 

each plant individually at  a tho to  three days intergals for the lesion 

size (LSj , the apparance of the f i r s t  pycnidia on the syem lesions 

(LP) , the number (FN) a?d slze (PSI of the pycnidia on the diseased 

tissues and sporulat~cn (SW) . The m e ~ i ~ d o l q  followed for the 

measurerwnt of the disease cqmnents has been decrlbed before (LP 

Annual Report, 1991!. O n l y  the measurement of the sporulation varied 

slighlty. Lesionea areas were cut f r m  the plants, weighed fresh and 

inakated in a m i s t  c k k r  for 48 h for spore release. mery 5 plants 

of a genotyp i n  a tray were p l e d  together and created as a unit. 

After incubation, me cut dlseased tissues were soaked Ln 20 ml of 

sterilized water for 4 h for *mre release. ?wz readings on spore 

concentration were taken frcm t w o  alizpots thaz were taken f m  the 

resulting spore s~qxns ion  in each replicate. The resulting sporulation 
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parmter measured after dividing the concentration obtained by the 

fresh weight of diseased tissue was sporulation per gm lesioned stem 

area. The disease severity rating (DS) 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 ere placed at different locations 

within the greenhouse resulting in an RBD. The temperature was set at 

20°C in the greenhouse. At the flowering stage, the plants ere 

inoculated with a spore suspension of the pathogen at a concentration 

of 500,000 spores ml-' . nfter inlation, the pots were carered with a 

plastic hood for 96 h to allow for enough humidity for infection to 

occur. Readings on 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 stopped e. 
The diseased tissues were then selectively cut from each plant and the 

cut material from each genotype per replicate (10 plants) was incubated 

in a mist chamber for 48 h and the sporulation was then measured as in 

the growth chamber eqeriment. 

In the field, each genotype was planted in a 4 X 10 rn plot. The 

plots were laid next to each other in four ravs of 4 plots each. The 

genotm in each plot was randomly selected. Sonmunding the plots, 
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highly susceptible chickpea genotypes were planted which acted as a 

check and a continuous source of indum. Plants were sown in 

Cecember, 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 

inoculation to ensure proper conditions for infection and disease 

development. 'PAC weks after the last inoculation, the check plants 

surrounding the plots were mnpletely killed indicating a good disease 

establishment. At the early seedling stage, 20 plants per genotype were 

randcmly selected and tagged. Readings were taken on these plants on 

disease developsnt at the seedling, at the flauerhg, and at the early 

and late podding stages and the appearance of the first ~cnidia on the 

stems. 

Gxuvth redts :  At the seedliq stage mst genotyps s M  

high susceptibility to the disease. The disease severity rating 10 dai 

ranged bet- 7.56 and 2.86 with significant differences m n g  the 

genotypes. The latent period varied between 5 and 13 days and for mst 

genotypes increased with the increase of the genotype resistance. Few 

genotypes, such as ILC 3856, ILC 6188 and ILL 2956 hmver showed short 

latent periods with low disease severities (table 2.3.4). The LP was 

significantly correlated with the DSR itable 2.3.7) but the 

relationship was not linear and the rate of pycnidial appearance (l/LP) 

had a higher linear correlation with the disease rating. 



Table 2.3.4. Disease severity (DS) , man latent period (LP) , 
pyaidial size (PS) and n d w r  (PN) and sponilation per 
g diseased tissue (SF01 on 16 chickpea genotypes 
inoculated with a mixture or isolates of Asccchvta. 
rabiei at the seedling stage. 

ILC 3593 
F. 84-158 
F. 87-75 

DS1 
(7 dai) 

6.33 
5.07 
5.46 

5.54 
3.71 
3.40 

DS2 LP LES3 
(10 dai) (days) (an) 

PN sm 
(million) 

ILC 482 3.86 4.64 8.15 0.52 123.5 103.2 8.47 
ILC 6189 3.30 4.10 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. 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 
Lsn (Pfl.05) 0.60 0.61 1.24 0.19 10.18 33.2 - 

A s  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 a m g  the pycnidial sizes on the 

various genotypes. Similar to the LP, the average PN per 5 m lesioned 

tissue was correlated w i ~ ?  the disease but it was not the best disease 
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The disease severity rating used in th i s  study is based on the 

lesion size up to  a disease rating of 4 .  Accordingiy and as expected, 

the lesion size was highly correlated with t h e  disease. Ps i n  the 

previous results on i n d i v i h l  races, the iesion size a t  10  dai (LES3j 

was the best indicator of the disease a t  that ti= with r=0.84 (Table 

2 . 3 . 7 ) .  

The highest significant association with the disease rating was 

obtained however, with the sporulation measurements. The sprulat ion 

per gram diseased tissue a t  the time of pycnidial maturation had a 

correlation coefficient of r=0.95 wlth the disease 1 0  &L. Since the 

sporulation measuremt was done only on diseased areas of the stems, 

the effect of the n h r  of lesions on the p;ant on the tota l  

sprulat ion is eliminated. The spmla t i cn  ccmponmt SSPC, analysed here 

is a direct indication of the actual s p o d z t ~ o n  of tne lesions on a 

specific g e n o t p .  

Greenhouse results: The disease severity on r i e  plants i n  the 

yrewhouse was low indicating that the p l a ~ t s  are more resistant a t  the 

flowering stage t b m  tke seedling stage (Tabie 2.3.5) . This, hcwever, 

could have been the result of a low i f i m l u m  level c r  the fact tl-at the 

plants i n  the greenhouse were predisposed to  be mre resistant t o  the 

disease or the seedlings LT the qmhth chamber predisposed lowards 

susceptibility. The corditlons in the qree*.o~se my also have not been 

always favorable to  the hsease since :he f luc t~a t ion  ir. light 

intensity and relative h d d _ t y  a u l d  not ?e perfectly cor-trolled. 

There were no clear significant co r r e l a t i~m between the zlisease 
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ccmponents LP and SF0 studied and the disease severity of the 

genotypes. There were large variations between the individuals within 

the same pot or sampling unit, further suggesting that the i n d u m  

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)  .  either the LP nor the SF0 parameter in this expriment could 

reflect any level of resistance in the plants at either the seedling or 

the flowering stages of the plants. 

Field results: The disease dwelopnent in the field was follawed and 

the four readings taken (El to DS4) reflect the seedling, f lwering, 

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 IAUDPC) and the man latent period (LP) of the 

genotypes under study. The AUDPC was calculated according to the 

trapezoid metkmd while assuming that at time zero the disease reading 

was nill. The latent period refers only to the appearance of w i d i a  

on stem lesions and not leaf lesions which often produce pyaidia mch 

earlier. 

The highest disease reading of 8.4 was reached by the genotype 

F.81-41. The weather conditions were obviously not favorable for the 

disease developnent up to the second reading since the rating remained 

low for all genotypes. The rain showers that fell between the second 

and the third readings qreatly enhanced the disease developrent and 

specially on the susceptible genotypes. As expected, the AUDFC was a 



good indicator of the rraxirmnn disease level reached and of the general 

susceptibility level of the genotype (Table 2.3.7) . The highest DS 

reached iDS4) and the AUDPC were highly mrrelated with the disease 

level at the seedling stage, m at 7 dai than at 10 dai as well as 

the disease severity level at the flmring stage in spite of the low 

disease level obtained in that wrirwnt (Table 2.3.7) . They were 

highly correlated with the sporulation level of the diseased tissues at 

the seedling stage h t  not at the flowering stage. They were however 

not correlated with the latent bth neither at the seedling and at the 

flmriq stage. 

Table 2.3.5. Disease severity (DS) , mean latent period (LP) and 
sporulation per g diseased tissue ism) on 16 chickpea 
genotypes inoculated with a mix tu re  of isolates of 
Ascochyta & at the f lmr ing  stage. 

-type E l  DS2 DS3 DS4 LF sm 
(6 dai) (11 dai) (15 dai) (18 dai) (days) (million) 

F.81-41 1.15 1.92 2.92 3.92 15.0 8.86 
ILC 3707 1.40 2.50 2.95 3.80 14.5 1.36 
ILC 3568 1.45 2.85 3.45 4.15 12.7 1.63 

ILC 3593 1.26 2.42 3.32 3.89 12.6 9.04 
F.84-158 1.38 2.06 2.25 2.56 18.0 0.00 
F.87-75 1.12 2.12 2.41 2.75 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 5.56 
F.88-84 1.65 2.10 2.15 2.45 14.7 2.56 
ILC 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 2.73 12.2 7.14 
I K  2956 1.50 2.39 2.56 2.78 L3.0 5.88 

Mean 1.40 2.28 2.66 3.05 13.8 
Lm, iP50.05) 0.34 0.41 0.56 0.69 2.66 



Table 2.3.6. Disease severity at four different develapnental stages 
of the plants (DS1 to DS4), area under the disease 
p T s s  curve (AUDPC) and man latent period (LP) on 16 
chckpea genotypes inoculated with a mixture of isolates 
of Ascochvta rabiei under field conditions 

Genotype DS1 DS2 DS3 DS4 AUDPC W 
(days) 

F. 81-41 
ILC 3707 
ILC 3568 
ILC 3593 
F. 84-158 
F. 87-75 
I K  482 
ILC 6189 
F. 81-336 
F. 89-1 
F. 88-84 
ILC 3279 
F. 81-34 
ILC 3856 
IIC 6188 
I K  2956 

Ccmclusians: 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 be made at the seedling stage. Still however, saw 

genotyps such as FLIP 84-158 and ILC 6189 were susceptible at the 

seedliqg stage but showed resitance in the field. On the other hand 

genotype FLIP 81-34 showing resistance at the seedling stage was 

susceptible under field conditions. This latter genotype also showed 

an exceptionally high sprulation level in the greenhouse at the 

flowering sLage (TAB. 2 )  in spite of its low disease severity rating. 

Plants susceptible at the seedling stage usdally do not survive until 

the adult stage if the disease pressure is high and are usually 
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eliminated from the breeding material. 'Ikose plants shaving resistance 

at the seedling stage could be further screened for resistance to later 

developmental stages. 

The latent pried, a very important component of resistance in 

many pathosystems showed a lot of variability in our stuffy. 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 were also observed 

in studies using other ge~otypes and using individual races of the 

patbxgen. This would suggest the presence of different mcharjsms of 

resistance in the vario~ gerwtyps. 

The level of sporulatlon should be f~llther included in the 

screening studies since it is gives a funher indication of the 

resistance level of a genotype and the methd used is simple. It is 

however importat to test other -net- of sporulation measurewnts 

such collecting spores over time in order to estadish the best 

masurement methd which could help in disease screening. Neither the 

pycnidial nu*r nor the pycnidial size was a better measure for the 

disease resistance than the sporulation. m e  methodolqy used in this 

study for measu-ing pycnihal number couid definizly be improved by 

taking the stem width of the gmctyp~ into cmsideration. Still, unless 

the n m h r  of pycnldia on the jisfased les~ons cmld be ezszly and 

accurately estimted, the sporulation measurement method used in t:is 

study muld remam a mre pratical for large scale screening. 

Wafa Khoury 



Table 2.3.7. Correlation between the disease severity (DS), the latent period (LP), the lesion size 
(WS), the pycnidial number (PN) , the sprulation (SFO) and the area under the disease 
prcgress curve (AUDFC) in the seedling stage, flaering stage and under field epidemic of 
Aschcchyta blight of chickpa. 

G LP- f lower ing  ns SIS IIE SIS ns ns 1.00 
H SPO-flowering ns 0.44 116 1x3 ns IIE ns 1.00 
I DS4 - f ield 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 ns ns 0.97 1.00 
K LP-f ield -0.56 ns IIE -0.55 0 . 5 6  -0.67 ns 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: 7 0.57 ; P <0.01 
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2 . 3 . 4 .  Developnent of the Asachyh Blight 9,i-c in field 

The level of disease resistance to llscochyta blight in chiclcpea is 

determined by the disease severity ratkg that a genotype receives. The 

mechanisms with which genotypes resist or react with susceptibility to a 

pathqen in the field may bz different. These mchanisms, if presmt, 

would not be revealed h v e r ,  by the sirrple scoring of disease ratings. 

This study was conducted to understand better the reaction of various 

genotypes to the different disease developnental stages of initial 

infection, stem lesions, girdling and breakage. 

The disease devel-t under field conditions was rmnitored in 

detail in 1991 and 1992. Four genotypes were planted in -11 plots in the 

field and the field v s e d  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 ohse~ved individally and at regular intemls for the 

occurrence and number of branches with lesions, girdling or breakage. The 

latent perid was also estimted through the apparance of the first 

m d i a  on the stem lesions. The relative vigour of the plants and their 

developental stages were also recorded. 

M a x i m  disease severity reached by the 4 genotyps under study, the 

calculated area under the disease prcgress curve (AUDFC) and the estimted 

latent period in the field are given in Table 2.3.8. The latent period 

(LP50) is the time from artificial innlation until at least 50% of the 

plants under study shcwed pycnidia on their lesioned stems. 



Table 2.3.8. Maximum disease severity (YIMX) , area under the disease 
p v s s  curve (AUDPC) and the latent period (LP50) a)  for 
field epidemics of Ascochyta blight of chickpea i n  the 
years 1991 and 1992. 

Ymax AUDW LP50 (days) 
Genotype 1991  1992 1 9 9 1  1992 1991 1992 

Tne disease severity levels reached by the crop in 1992 is mchlower 

than in 1991 (Fig. 2.3.2).  In 1991 the in i t i a l  level of disease was  high 

(DS = 3-4), whereas it was only ca. 2 in 1992.  The disease level i n  1992 

had not increased even twenty eight days after i m l a t i o n ,  when the 

plants were already in f u l l - b i m .  It was only af ter  the several days of 

rainfall that scme increase in disease severity occurred, but it stopped 

soon because of the sudden increase in temperature and the dry weather 

conditions that prevailed afterwards. The increase i n  the disease between 

28 and 50 c h i  in 1932 was mainly due to  an increase in the number of 

branches with lesions Fig. 2.3.4. This indicates an increase in the new 

in£ec:ions. Only in ILC 482 th i s  increase in disease level was accompanied 

by a shift  towards lesion expansion as  indicated by an increase i n  the 

relative number of girdled branches. In the other genotypes, no increase 

in either girdling or stem breakage =s obvious. In 1991 (Fig. 2.3.3) the 

pattern cf disease development was similar t o  that in 1992 although the 

severity was much higher. In 1991, the disease developed on a l l  4 

genotypes steadily. However, ILC 482, unlike the other 3 genotypes showed 



a quick shift in the relative number of lesioned branches tawards girdled 

or broken branches thus indicating again a quick lesion m i o n  rate. 

ILC 3856 on the other hand, s h d  a steady but slow developent of 

lesions towards girdling then breakage. IK 3279 and FLIP 84-158 did 

develop girdled branches but resisted stem breakage. 

Disease severity rating 

tL, , " I L C  3856 

+ F 84.158 
7 7 7-- 

1 1  1 8  311 1 3  49  59 17. 

Days after inoculation 

Disease severity rating 

7 
C 

,i 
-5 -t " I L C  4 8 1  

t I L C  3179  

-b I L C  3856 

f F 84-158 

19 28 50 6 9  

Days after inoculation 

Figure 2.3.2. Disease severity rating in 4 qen3tps of chickpea at 
different days after inoculation in the field in 1991 and 
1992. 
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Figure 2.3.3. Progress of Ascochyta blight dewlopent 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 long period specially when it is compared 

to the estimated latent periods in 1991. If the disease requires such a 

long time before the first spore generation is produced, the pathogen has 

little chance of producing several disease cycles on the crop since by the 

time the new infections develop, the growing season would have a l m t  

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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Figure 2.3.4. Progress of Ascochyta blight developrent on the branches of 
4 genotyps of chickpea a t  different days a f t e r  inoculation 
i n  the f le ld  i n  1992. 
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the growth chamber indicated that these t m  resistance capnents act 

independently. However, the results also showed that stem lesions should 

at least reach the average size of 0.3 cm before any pycnidia could 

develop on them regardless of the resistance level of the host (see LP 

Annual Report, 1991). Considering that a disease severity 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 dai (Fig. 2.3.2). The lesion 

expansion muld 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 might occur due to stem breakage in chickpea. The 

lesion expansion rate is the first factor which seems to be high in ILX: 

482 and which appeared in the results of both years although the weather 

conditions and the disease development in these years were very different. 

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 genctypes ILC 3279 and FLIP 84-158 

and probably aldo jy ILC 6189. 

2.4. Chidpeahtcamlogy 

In the Mediterranean regior. leafminer iLirima cicerira Ron-) is the 

min pest of chickpea and studies at ICARDA concenuate on its control 

methods and host plant resistance. Chickpea podborer, mainly Helicoverca 

amisera Hb. accounts for hlgh yield losses in scme regions of India, 
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Pakistan and West Asia, but the severity of damage varies between regions. 

Usually higher infestations were oniy recorded in  the past  i n  Southern 

Syria, but s t a r t i g  l a s t  seasor. podborer h g e  has k e n  increasing i n  

Northerr Syria a s  well. Therefore a l l  exprimts were a lso  evaluated fo r  

podborer damage. In qenerai winter-sown chickpea had lm l eafminer, but 

high podborer b g e ,  whereas i n  spring-sown chickpea leafminer h g e  was 

high and podborer a g e  lcw. 

2.4.1. Population Eynamics of Chickpea Leaiininer and its Parasitoids 

Chickpea leaf~niner ppula t lons  i l i r i w a  cicerimi were sanpled by D-Vac 

m winter- a d  spring-sown c tuckpa  plots  a t  ?el Ha-. In winter-sown 

chickpea leafniner s tar ted x m i n g  i n  mid April, reached a peak i n  mid 

May and disappared with m t u r i ~ y  of the c k c k p a  (Fig. 2.4.1). I n  

spring~~sown chickpea leazminer only appeared in early May, but had 2 

qenerations with a p a k  i n  nid May and early ;me. In w i n t e r  and spring- 

ckic-a p ~ ~ l a t i o n s  of parasitoics of leafniner, m i n l y  mi- 
monilicornis and Diclmhus =, also reached hizh le-vrels (Fig. 2 . 4 . 1 ) .  

In the spring c h i c m a s ,  &cause of l a t e r  crop m t c r i t y  allowing the 

developrent cf sec3id generaticn of leafmner ever. m e  adults  cf 

parasitoizk than ?f leafniner, were eollecte3 In the D-iTac samples i n  June 

indj~cating a high parasltizazlcn of the second generation. This mu ld  

reduce the n~urber of leafr.i?er er.tenng aestivatior.. It  is  not known, 

however, whether these paras:toids aesi t ivate -md hibernate a s  well o r  

mve t o  0th-er hosts.  If :hey wuld  asstis-ate an3 h ikeya te  i n  the 

leafminer p p a e ,  it mght k ~pcasible t o  z d l e c t  and s tore  these use 



them as biolcgical control agents early in the follaving season. This 

aspect wi.11 be investigated next season. 

Winter Chickpea 1992 

Sampling dates 

Spring Chickpea 1992 

Sampling dates 

Figure 2.4.1. Developrent of ppulation of adults of leafminer and 
parasitoids, as sampled. by D-Vac at different sampling 
dates in winter- and spring-sown chic-a at Tel Hadya, 
1991/92. 

2.4.2. Ckmical C c m t r o l  of Lea-er and Podborer 

The effectiveness of neem (Azaderichita 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 chic-a at t m  on-farm 

locations (Alkamiye and Squeilbiye) . The third on-£am? expriment was lost 

- no germination because of lack of tiwly rains. Tko (at Tel Hadya) and 

three (in on-farm lccationsl sprays consisting of 0.5 kg neem seeds per 10 

1 water at a rate of 500 l/ha applied in early and late May and early June 

were c-ed with one spray of Thiodan 35 EC (2 ccl at 500 l/ha! applied 

in mid May. Check plots were sprayed with water (500 l/ha) on the same 

dates as the neem extract. 

At Tel Ha* in winter- chickpea the percent mining was low, but 

still significantly reduced by newn and Thicdan [Fig. 2.4.2.). Pdbrer 

damage was more severe with 19.2 % pod darnage in the check. Both neem and 

Thicdan significantly reduced the pod darrage to 0.4% and 4.1%, 

respectively, resulting in significant yield increases from 1756 kg/ha in 

the check 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 

h g e  was lower (7.4% i~ the check) and also significantly reduced to 

less than 0.5% by both insecticide treatmts. Thus the significant yield 

increases by bth treatmts can also be accounted to control of podborer. 
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At Alkamiye che percent mining was reduced by both treatments, but 

only by T h i d  significantiy !Fig. 2.4.2) . Pod h g e  was low (< 1 %) 

and the yield increases b;i treatments were non-significant. 

At queilblye the leafminer damage was highest of all locations 

and lcwer in both insecticide treacmts, but not siynlficantly (Fig. 

2.4.2) . Podborer damage was lcw, but still significantly lower in neem 

sprayed plots. Yield increases were non-significant. 

These results confirm last years data that neem extract 

effectively reduces the percent pod h g e  in chickpea resulting in 

significant yield increases. Neern could prov~de an alternative to 

conventional insecticides for control of a. h a e r a ,  having the 
advantages of no envlrcmntal hazards, no developent of resistance 

k n m ,  iess disrupa-ge to parasitoids. The data also skiow, that the 

a;amingly high pdhrer ~nfestarlons were limited to Tel Hadya. It 

w:;i be checked in the caning year wkett.er it is a "research station 

problem", or is dex~elOp:ng due to the increasing planting of sumner 

crops around Tel Earn. 

2.4.3. Host Plant Resistance to Leahiner and Podborer 

Of the previously selected 8 prmisir.~ c:uckpea lines the two mst 

prwnising lines, ILL 216 and I T  59C1, were grown in wlnter and spring 

together wlzh mhe s~sceptible check (IIL 1925) wi~hout and with the 

~rotecti?n of 1 and 2 applications of T:u&I 35 E !2cc/l). 

Ieafmner lnfesta~i3~s were mnito-3 by placing wazer 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 numlzr of larvae per tray was 

significantly lower in ILC 5901. Since leafminer infestation started 

rather late, the damage in winter-sm chickpa 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 win wchanism of 

resistance. One or t m  sprays of insecticide reduced the number of 

leafminer larvae. 

The percent pod damage was recorded in 10 plants per plot of all 

treatments. Except for ILC 1929 infestation was higher in winter-sown 

plots (Fig. 2.4.3. ) . In winter sowing the highest percent pod damage 
was found in ILC 5901 (15.5%) , lowest in ILC 1929 (5.7%) , which greatly 

differs from last years results. It could be possible that because of 

its early maturity ILC 1929 escaped podtorer infestation in winter- 

sowing, which wuld also explain the higher infestation in spring- 

sowing. One application of Thiodan reduced the pod dimage significantly 

and increased seed yields in winter- and spring sowing. Seed yields 

were higher in winter sowing in all treatments. Yields of ILC 1216 and 

ILC 5901 were significantly lower than of ILC 1929 in all treatments. 

With the increasing podborer mfestations these studies are 

kcoming mre cqlex as it is not possible to clearly separa:e yield 

loss from podborer from that caused by leafminer. 

S. Weigand 
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Figure 2.4.3. Fercent pod &mge and seed y i e l d  in  3 winter- and 
spring-sobn chickpea lines with 0, 1 and 2 s p r a y s  of 
Wcdan 35EC (8 2 c m  1.') st Te l  hadya, 1991/92. 
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2.4.4. Mechanism6 of Resistance 

In a collaborative project between the Max-Planck Institut fur 

Biochemie, mmich, FRG and ICXWA the role of leaf exudates as possible 

mechanisms of resistance to leafminer was further studied. Leaf 

exudates of 6 Kabuli chickpea lines (ILC 3398, ILC 1929, susceptible; 

ILC 655 medium resistant; ILC 316, ILC 1216, ILC 5901, resistant) were 

collected for 2 seasons at ICARDA, and 1 season at the Max-Planck 

Institute and ICRISAT and analysed for the arrrsunt of mlic acid and 

oxalic acid. The results revealed that the amount of mlic acid and 

leaf area were related to resistance. Leaf exudates of the susceptible 

lines had lower munts of mlic acid than the resistant lines. Leaf 

area of the susceptible lines was higher than the resistant lines. The 

m u n t  of oxalic acid could not be related with different degrees of 

resistance and thus apparently is not of imprtance in this respect. In 

ILC 5901, the line with the highest degree of resistance to leafminer, 

the small leaf area might be the main factor of resistance, as the 

m t  of d i c  acid in the leaf exudates was l m  in cornparim with 

the other resistant lines, but still higher than in the susceptible 

lines. 

C. Weigner, H. Rmbold (ERG), S. Weigand and K.B. Singh 

2.5. Chi- Biological Nitrogen Fkaticm 

2.5.1. Nitrogen Fixatian of Chickpa Culti- in -e to 

W a t i c m  with Selected Rhizobia 

The ability of chickpea to fix atmspheric nitrogen lessens its 

dependence on soil Nand reinforces its role in the cropping systems of 
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the region. &actices viuch increase s@~orlc effectiveness will 

minimize the quantity of soil N utilized by the crop and e z c e  qravth 

of tne ssubequent crop. Innroduction of cold-tolerant, asccchyta blight 

reslsrant lines tor winter sowing into new, drier plroduction areas has 

been ac~mpanied by nodulatlon deficiency in several areas of the 

Mediterranean region. In tkese new prcducrlon areas soils are less 

likely to contain adequate populations of r;he m-spec-fic rhizobia 

than traditional chickpea areas, and crops may show significant yield 

increases when seeds are incculated with selecced rkzobial strains. 

The highly mcific rhizobial requirement of chckpea bas been fomd to 

extend to strair.-mlt;var specificity for N2 fixatioc, iplying the 

possibility that limited effect~ve~ess of natu-ay~zed rhizobial 

populatiorls with newly intrdcea ~ultiv-ars may r-estr-ict genetic 

potennal for dinlzrqen fixation. Necessity for lnoc~lation m y  

therefore also exlsz where irtrod~ced cultivars, selected for- high 

yields cannot express rhelr fill capability f ~ r  N2 5ixar;im In synbiosis 

with native rhizcbial pop~latlos ,which have develo~d m c3ad;pzation 

with local landraces. 

In trials co~ducred over for seasocs il587/88 to 1990/91) in 

Northern Syria, variat~ons ir. N2 fixation ar.5 yield of a rage of 

ckidqxa c u l ~ i v ~ s  ~licc~la~ed with selected supr-ior Fhzobiwn strains 

were evaliated with a v:ew to rstablish case-line x.~alces for Sik 

(proportion of crop N deri\/ed frrm % ffmricn! in reca~rended c~ltix.rars 

so impmvem~~s chroign rhmblal stram selection a,1d lequrre breeding 

cm. be qua~tlfied. Use of ''N wtxicL.cqy a ~ d  ncn-r-cd~latirg chickpea 

and kriey as reference crops allowed accqlr-act evaiuz~~on ot Nz f :xation 



114 

d r  the wide range of environmental conditions. 

Eight chickpea cultivars were included in the eqeriments, 

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, I W  5396, ILC 5414, ILC 6250, ILL 6281, and ILC 6327; only the 

first three were tested in 1987-88 season. 

Most probable number (MPN) estimations of indigenous chic- 

rhizobia populations in the field soils were low-mderate, ranging from 

9.1 x 10' to 4.2 x lo3 rhizobia g-' soil. k w  papulations were due to 

absence of chickpea cultivation for several years. Rhizobia treatments 

ccmprised unindated and two strain treatments; all expriments 

included at least one single strain treatment (strain 39). while 

included two single-strain incculants (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 Nz-fixing perfomce on the 

concerned cultivars in aseptic hyimpnic culture in greenhouse trials. 

Seeds were inoculated at planting using liquid application ~thod, at 

a rate to provide approximately lo6 viable cells per seed. Seasonal 

rainfall in field trials fluctuated from 290 to 504 mn, 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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2.5.11. A t  340 m rainfall, h e r ,  cultivars began t o  show 

differential yield effects with rhizobial inoculation, ranging from no 

response (I-& 3279, 5396, 5414) to  750 kg/ha increase (ILC 6327). 

Under conditions of higher misture (504 mn) , the average inoculated 

cultivar yielded about 800 kg/ha mre dry matter than when not 

inoculated (Fig. 2.5.1). I t  can also be observed that d t i v a r  yields, 

which differed l i t t l e  a t  low rainfall ,  varied widely a t  high rainfall  

and yield response t o  inoculation varied £ran no response i n  cultivar 

ILC 5396 t o  1.9 T/ha in ILC 482. 

!OOO 

0 
Z O O  300 400 500  60C 

Rainfa l l  ( m m )  

Figure 2.5.1. Effect of rhizobial inoculation on dry r a t t e r  yield of 
chickpea g e n o t p s  i n  relation t o  seasonal rainfall ,  Tel 
Ha-, 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 

cultivar variatim in yield at higher moisture and the limited number 

of points on the rainfall axis, total crop N, fixed crop N, and Gix have 

been plotted against dry matter yields. In uninoculated cultivars, qix 

remains relatively constant at about 60% between 2000 and 7000 kg/ha 

dry matter production (Fig. 2.5.2). The effect of this constant 

proprtion of fixed- to soil-derived N in the plant 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 curves) increasing 

from 20 kg/ha to nearly 50 kg/ha over the range of dry mtter prcduced 

in the trials. In contrast, the efficiency of N2 fixation is clearly 

increased at higher yield levels as a result of rhizobial inoculation 

(Fig. 2.5.3) . In inmlated cultivars, qi, increases with increasing dry 

mtter production, reaching a maximum of 80% at the highest yield 

levels. Increased fixation efficiencywith increasing yield results in 

an increasing proportion of fixation-derived N in the plant and a 

lower, relatively constant fraction of soil-derived N (Fig. 2.5.3). 

The impact of inoculation on the relationskip between dry matter 

and nitrogen yields for scxne representative individual cultivars is 

shown in Figure 2.5.4. In mst 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, hayever, often increased 

by inoculation. The consequences of this iqxovement, detectable only 

with N2 fixation reasurement techniques like those incorporating 'k, are 



improved soil fertility and improved system e m m y .  

Figure 2.5.2. Nitrogen yield and source in uninoculated chickpea. 
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Figure 2.5.3. N i t r c g e ?  yield and source in inoculated chickpea. 
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Figure 2.5.4. Relationship between dry matter yield and nitrogen yield 
for s m  representative individual cultivars. 
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The % fixation data frcm these trials quantitatively indicate the 

effects of chickpea inoculation in Northern Syria with selected 

superior rhizobia. Althgh effects of indation on yield are 

limited, the qyantities of soil N preserved d d  be significant in a 

systems context. A f m r ,  a v e r ,  will find it difficult to adopt 

indant technology if econanic rewards, such as increased yields of 

the legume or following cereal, are not obtained as a consequence. 

The interaction bet- strains and cultivars for P$ fixation 

efficiency, in addition to a similar interaction for ccmpetition and 

n d e  fomtion, ccmplicates the approach to wide-scale inoculation 

of chickpea cultivars, especially where new inpruved cultivars are 

being released on a regular basis. Tm strategies may ke used to 

increase N fixed by the chickpea crop. Selection of cultivars for high 

b$ fixation with a broad range of rhizobia redces the need for 

indation with specific strains. This approach, however, may fail 

where native strains are absent or ineffective. Alternatively, 

mixtures of highly effective strains may be used as indants. This 

approach wrks with scme cultivars, but is dependent on strain-cultivar 

interaction for competitiveness in nodule fomtion. Investigation. 

into these aspects of host-strain specificity are continu-. 

2.5.2.  E f f e c t  of Moisture on 3 Fixation in Chickpea C u l t i v a r s  

Of the 1- crops gram in wheat-based Mediteranean rotations, 

chic-a is often considered inferior in 3 fixation, possibly due in 

part to a limited capability of landrace varieties to efficiently fix 
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N under conditions of derately low moisture availability. This may be 

especially true under conditions of spring sowing, where decreasing 

moisture availability and increasing temperatures adversely affect the 

capability of the crap to fix N. Characterization of the interactions 

of N2 fixation and misture in chickpea will allow devel-t of 

management strategies designed to improve the N econcmy of soils 

through legume % fixation. 

During 1988/89 and 1989/90 seasons, field trials utilizing the 

line-source sprinkler for variable moisture application and 

incorporating ' 5 ~  micruplots were conducted to determine the effects of 

variable moisture supply on N2 fixation in 6 chiclqea lines. The 

material tested included 4 kabuli-type lines ( 3  of Mediterranean origin 

and 1 ICARDA cross) and 2 desi lines from ICRISAT. These cultivars 

WXY part of a cpmup of 20 dtivars tested for drought tolerance, 

water use efficiency and yield response to increase in moisture supply. 

nboveqround dry matter and nitrogen yields were measured at 

physiological mturity under 8 misture levels, ranging from 290 to 504 

m. For measurerent of N2 fixation, an isotope dilution w t h d  was used 

with non-nodulating chickpea line R"1233 and local barley as reference 

crops. No rhizobia inoculant was used, as the field soil contained an 

adequate population of chickpea rhizobia. 

At 1-r misture levels cultivar yield variation was minimal, 

though dtivars ILC4958, FLIP 85-45C, and ICC1919 gave consistently 

larger dry matter and N yields hetween 290 and 335 mu nmisture. As 
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applied moisture increased, the variation m u n g  cultivars for yield 

increased (Fig. 2.5.5). Under mcreased misture, the sams 3 cultivars 

(4956, 65-45C, and 1919) prcduced the highest yields. Measurements of 

six (the proportion of crop N derived from N, fixation) at each misture 

level were not significantly different m u n g  cultivars, hmver. 

Because of large cultivar variations in yield and I$ fixed at the 

higher misture levels, Zotal crop N, fixed crop N, and six have ken 

plotted against aboveground dry matter yields for clearer presentation 

of the relationshps between these characters (Fig. 2.5.6) . Gix 

increased rapidly with increasing yield at 1-r levels, indicating 

that fixacion was severely llmited at the lower end (Fig. 2 . 5 . 6 ) .  

Fixation efficiency reaches an average mwrirmun of 68% at about 5000 kg 

ha.' dry matter pmduced. qiK values were highest at the upper misture 

levels ic the 199C/91 trial, due to favorable distribution of rainfall 

above that provided 13y supplemental irrigation. All cultivars 

registered qix vaiues above 70% at 425-455 mn moisture in this trial. 

The correlatiors between dry matter produced and N yields were high, 

wizi coefficients of C.92 and 0.9C for total N and fixed N, 

respectively. This relationship indicates that % fixation in chickpea. 

under cmdiZions where adequate rhizobia are present, is yield driven, 

and implies that environwntal constraints on plant yield will limit N, 

fixation. 

Ic is interesxng 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 litzle with ircreasing yield. Below 1 t hd' dry matter 
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prduction, virtually no % is fixed, causing the crop to deplete the 

soil N pool by about 25 kg/ha. Between 4 and 5 T ha-' dry mtter 

production, where N;, fixation efficiency is highest, soil N use is 

likewise about 25 kg ha-'. These values appmximately represent the 

total m u n t  of N remved f m  the soil by the crop, assuming r m l  

of seed and straw f m  the field at harvest, h t  neglect N inpt frcm 

m t s  and nodules. 

There was som concern that these line-source trials, because they 

were spring-saun and grown with supplemental irrigation, d d  not 

truly express the relationship bet- available nwisture, yield, and 

N2 fixation because of a short growing season and rapidly increasing 

temperatures during reproductive phases. Figures 2.5.7 and 2.5.3 are 

similar to Figures 2.5.5 and 2.5.6, but in addition contain data fran 

8 cultivars in unindated treatmts of 4 years of winter-sown 

inoculation respxse trials conducted in N. Syria. Most of the 

additioral data Inserts above the 2 T ha.' yield level. The 

relationships between yield and % fixation, after inserting the 

additional infomtion, are virtually unchanged. These results further 

support the case against spring-sown chickpea, where l m  yields are 

accorrp~nied by relatively high soil N use h e  to limitation on ?$ 

fixation. 

D.P. Beck, S.N. Si l im and M.C. Saxena 
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2 . 6 .  Chickpa N e ~ t c d e  Studies 

The studies on c m n  nematode pests of chickpea were continued in 

collaboration with the 'Instltuto di Nemtolqia Ayraria. C.N.R., Bari, 

Italy'. Studies involve survey and use of crop mtaticn to control 

cyst nematode in additlon zo screening chickpea lines and segregating 

populations from interspecific (C. arietinuq x C. raticulatum) as hell 

as intraspecific (C. arietinm) crosses. 

2 -6 .l. Survey of P a r a s i t i c  N e ~ t o d e s  in Turkey 

Survey was made in the south-east and northern Turkey in May 1991 and 

July 1992, respectively. A total of 150 soii and root samples were 

collected; soil was processe5 with the Cobb's sieving and decanting 

wthod combined with the B a e m ' s  furme1 methd. Root samples were 

processed with the Young's incubation method followed by Ccolen's 

centrifugation. Neratodes in water s~~qension were znen fixed in hot 

5% fomalin and identified at genus level. 

Root-lesionnematodes iPratvlenchus spp. a?dPratvlencnoides spp.) 

were mst widespread with P=atvlenchus spp. present in 93% root 

samples. The nematode pcpulations were rather hlgh and associated with 

extensive yellowirq decline of chickpea crop. A cyst nematode, 

probly Hetercdera B, was found in 13% samples of chickpea crops 

and was distrib~ted m several pravinces. Cther nematodes seem to be 

of little irprtance. 

N.  Greco and M. D i  V i t o  (C.N.R.,  mi), I .  K u s u m r g l u  (Field Q n p s  

Research Institute, Ankara) , M . C .  Saxena and K.B. Singh 



2.6.2. Use of Cmp Rotatim to Ccmtrol Cyst Nenatcde 

Cyst nematode (Hetedera ciceri) of chickpea has a rather narxxv host 

range, which includes lentil, pea and chickling. This suggests that 

proper crop rotations should be useful in controlling the nematode. 

Therefore a field trial comprising six crop sequences was started in 

1986/87 to ascertain the effect of these treatments on the yield of 

chickpea and the dynamics of the nematode in a nematode infested field 

at Tel Hadya. Altbugh the experiment was planned to end in 1990, an 

exceptional frost in March 1990 destroyed the final test crop 

(chickpea) and therefore the field was re- next season with chickpea 

and harvested in June 1991. 

Figure 2.6.1. Effect of six crop sequences on population dynamics of 
Hetercdera ciceri, Tel Hadya, 1986-1992. Host crops 
(La= Lathvrus sativus, C= chickpea, L= lentil) ; non-host 
crops (W= wheat, and B= barley) . 



Table 2.6.1. Effect of six crop rotations on the yield of chickpsz in 
the fifth year on a field infested with Heterodera ciceri 
at Tel Hadya. 

Crop rotation ('I Biological Seed Straw Harvest 
Yield Yield Yield index 

(kg/ha) (kg/haj (kg/ha) (%) 

L - C - L - C  
W - C - W - C  

C - W - B - C  
W - B - W - C  

LSD (P = 0.05) 363.2 109 .6  289.1 11 .25  

"I L = Lentil; C  = chickpea; W  = Wheat; B = Barley; La = Lathyrus 

Results showed that the soil population of nemtcde declined by 

57% after one year of cultivation of nonhost plants (F ig .  2 . 6 . 1 )  and by 

84-88% when nonhost crops were present for 2 to 3 years. Cultivation 

of host plants, instead, resulted in the build up of nematode 

population. Grain yield of chickpea increased with the increase in the 

number of years without host crops and it was double, five and eight 

fold of that obtained in plots with contin~ou? cultivation of chic-, 

when tvm, three, and four year-tern crop sequences were used 

respectively (Table 2 .6 .1 )  . 

M.C. Saxem, N. Greco and M. Di V i t o  (C.R.N. Bari) 



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

yield potential of landraces. In South Asia and East Africa diseases are 

also a mjor constraint to production. Accordingly an integrated approach 

to lentil iqxovement is being pursued at ICARDA covering the developnent 

of both improved production technology and genetic stocks. A high 

priority has been placed on transferring to naticmal program the results 

of research on lentil harvest xechanization systems to reduce the high 

cost of harvesting by hand in the West Asia and North Africa region. 

Agronomic research to dwelq iproved production practices is conducted 

in coordination with the Farm Resource Management -am, and is extended 

to the region via the International Testing Netmrk. Increasing the 

biologically-fixed nitrogen in the wheat-based cropping system is the aim 

of activiLies in Rhizobim research and Sitona weevil control. 

3 .l. Lentil Breeding 

Lentil breeding at ICARDA focuses on three contrast- agro-ecolcgical 

regions. The irrprtance of the regions in terms of lentil production and 

the allocation of resources in breeding are mmmrized together with the 

respective breeding aims in Table 3.1.1. 

3.1.1. Base E?xgram 

3.1.1.1. Breeding schane 

The bree&q program is divided into three streams directed toward the 



three target, am-ecological zones mtioned above. A description of the 

scheme of breeding was given In the ICARDA Annudl  Report 1985. 

Table 3.1.1. hjor targez agro-ecolcglcal regions of production of lentil 
tcgether with the allocation of resources breeding and key 
breeding aims. 

Region % of lentil area % of Key characters 
in developing resources fcr recombination 
countries 

Mediterranean 24 75 B i m s  (seed + straw), 
low to medim attributes for mechanical 
elevation 

South Asia and 51 
East Africa 

High elevation 14 

harvest, wilt resistance. 
clrought tolerance 

20 Seed yield, early 
maturity, resistance to 
rust, Pscochyta and wilt 

5 Biamss, winter hardiness, 
attribdtes for mechanization 

Approximately 250 crcsses are mde annually and handled in a bulk- 

pedigree system using off-season generation advancement. This season we 

used Terbol Szaticn m ;ebanon at 950 rn elevation for the m r  nursery. 

Segregatingppu;ations targeted for the different regions are distributed 

through the In:ernational Testing Network tc national programs for 

selection and cultivar developrent m situ. Lines with specific 

characters are distributed ic the s m  mule r .  

3.1.1.2. Yield trials 

Selections from :he breedlng program for West Esla and North Mrlca are 

tested in preliminary and achianced yield trials at three lxations varying 
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in their annual average rainfall, namely Breda (long-term average mual 

rainfall total 280 mn) and Tel Hadya (350 mn) in Syria and Terbol (600 mn) 

in Lebanon. 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 Syria b t  

be-average at Terbol in Lebnon with 263, 353, and 860 mn received to 

the end of June at Breda, Tel Hadya and Terbl, respectively. Bimss 

follaved the rainfall gradient with man bimss yielcb at Breda, Tel 

Hadya and Terbol of 2.0, 3 .O, and 4.3 t/ha, respectively. The same trend 

with the rainfall was observed for seed yield prcduction with 0.7, 1.1 and 

1.9 t/ha realized at Breda, Tel Hadya and Terbol, respectively. A s u m ~ l y  

of the results 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 mre and lentil was little affected by ti%? severe 

winter of 1991/92. In Lebanon, where rainfall was super-optid for the 

crop and water was not a limiting factor in 1991/92, yields were 1- 

than the previous season because of the long cold winter and -11s of 

temporary waterlogging. 

For seed yield the percentages of lines significantlyoutyielding the 

best check at P = 0.05 were 2.8, 1.6 and 2.4 % at Terbl, Tel Hadya and 

Breda, respectively. More test lines merely ranked above the best check 

for seed yield, representing 28, 27 and 26 % of the total lines rested at 

Terbol, Tel Hadya and Breda, respectively. The results for bimss follow 

the saxe pattern as for seed yield. 

W. Erakhe 



Table 3.1.2. Results of the lentil yield trials (preliminary and 
advanced) for seed (Sj and bicmass (B) yields (kg/ha) at 
three contrasting rainfed locations; Terbl (Lebanon), Tel 
Hadya and Breda (Syria) during the 1991/92 season. 

Location Terbol Tel H a d w  Breda 
Total seasonal rainfall (mnj 860 353 263 

S B S B S B 

Kwrkr of trials 7 7 12 12 8 8 

Kwrkr of test entries* 145 145 243 243 167 167 

% 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 

Range in C.V. (%)  7-17 8-13 11-21 9-21 6-18 6-14 

Mean advantage of Lattice 31.7 20.2 21.6 16.1 47.5 17.8 
over RBD (%I  

* mtries m n  over lccations. 
** Large-seeded checks: ILL 4400 long-term, 78926002 improved; 

Small-seeded checks: ILL 4401 long-term, 78826013 improved. 

3.1.1.3. kternatid nurseries 

The lentil international breeding nurseries have evolved in re- to 

the needs of NARSs from 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 mjor target agro- 

ecological regions of production (Tab12 3.1.3). Since 1987, for example, 

we have diversified and targeted the supply of segregating mterial from 

tm different nurseries into four nurseries - Cold Tolerant, we-seeded, 
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Small-seeded and Early. In the same period, new nurseries of stress 

resistant material have been launched against rust, Asccchyta blight, 

FUsarium wilt and cold. 

Table 3.1.3. Lentil international breeding nurseries showing target 
regions and type of nursery. 

Type of nursery Resion 
Mediterranean Lower Hiqh 

latitudes elevation 

Resistant source/ Large-seeded W l Y *  Cold tolerant+ 
crossing block Small-seeded Rust* 

F'usarium wilt* Ascochyta blight* 

Segregating Large-seeded* Early 
papulation Wl-seeded* 

Cold tolerant* 

Yield trial Smll -seeded Early 
Large-seeded 

* Launched since 1987. 

In the last two seasons there has been an increase in the number of 

entries in international trials provided by national pnqrams. It is our 

aim to increase the inpt of national programs into the international 

testing program. Included in 1992 international trials Ere two lines 

from Russia, three from Faisalabad, Pakistan and one from Islamabad, 

Pakistan. Other entries have been supplied by NARSs and are in 

multiplication for inclusion in next season's trials. 

In addition to the International L iqme Testing Network, seed 

requests frcm NARSs for specific breeding lines and segregating 



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. Cestination and number of seed samples despatched on the 
request of N9RSs of lentil breeding llnes and seqregathg 
populations for the last three years. This is additional to 
the mterial distributed through the International Legume 
Testing Netwrk. 

Country 1990 1991 1992 

Afghanistan 
Algeria 
Argentina 
Australia 
Bangladesh 

Bhutan 
Canada 
Ckina 
Colombia 

Czechoslovakia 
Ge=Y 
India 
Ir&7 

Iraq 
Italy 
Capan 
Jordan 
Libya 

Morocco 
Netherlands 
Pakistar. 
Sudan 
Syria 

Turkey 
U.K. 
U.S.A. 
U.S.S.R 
Yemen 

Total 
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3.1.1.4. SI ' ig for vascular wilt reaiatance 

Vascular wilt caused by Fusarium o m r u m  f. sp. lentis is the major 

furgal disease of lentil in the Mediterranean region. Screening of new 

breeding material for resistance to vascular wilt continued this year in 

the plastic h e  using the method developed in the 1987/88 season (FLIP 

Annual Report 1988). 

A total of 123 lines of cultivated lentil were screened for their 

reaction to wilt at the seedling stage in the 1991/92 season. The 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 mst 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 performance at different stages of 

growth. Plants were rated regularly up to mturity. Most lines were 

resistant at two mnths, confirming last year's results. But, by maturity, 

only 15 entries 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 rethodology to screen in the field by preparing a wilt-sick 

plot. Preparation started in 1989 when we added to a field plot in Tel 

Ha* farm s m  soil from a wilt-affected area. The plot 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 s a d  susceptible lentil and irrigated. The incidence 

of seedling wilt symptoms within the wilt-sick plot was then mapped into 

5 nl? square grid on October 30, 1991 (Fig. 3.1.1) . Seedling wilt symptoms, 

in contrast to the c m n l y  observed adult wilt symptoms, are not nomlly 

seen in Syria, where mst lentil is rainfed and it germinates at 

temperatures below the fungal pathogen's optirrum temperature. 

94 plants wilted 

0-15% 

15-30% 

30-45% 

45-60% 

Figure 3.1.1. Distribuxcn In the wilt-sick plot of wilt symptoms in a 
uniformly sown, susceptible lentil cultivar. Sampling was 
dor-e m C .25 n' quadrates m each cell of 5 nl?. The land 
used subsequently fsr wilt screening is enclosed in the 
marked square. 



Within the wilt-sick area, we selected the most infected area to graw 

the first wilt screening w r i m t  under rainfed conditions (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 replications and a susceptible 

check repeated every t w  entries. Wilt incidence was remrded on a total 

of eight occasions during reprcductive growth to follow disease 

development. ~ield symptoms were confirmed as due to Fusarim o m m m  

f. sp. from isolations made from surface-sterilized stem segments 

of diseased plants. 

Ninety-five percent of plants of the susceptible check ere killed 

during reproductive growth. There was a wide range in reaction among the 

test entries from resistant - ILL 6409 (c5% wilt incidence) , through the 

mxlerately resistant - IJL 6976, 6991, 7005, and 7012 (5-15% infection), 

to highly susceptible (Fig. 3.1.2). Amsng such susceptible entries there 

were contrasting reactions: ILL 5750 shmd a high incidence of wilt 

symptoms 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 Fusarium Wilt Nursery 

(LIFWN) . 

Earlier research had shown that seed yield losses from wilt damage 

were predictable on the basis of wilt incidence. Eqeriwnts were carried 
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out during the 1992 cropping season to understand the relationship bet- 

the incculum density of F'usarium oxy~~orum £.-. lentis in the soil and 

the incidence of lentil wilt. Both laboratory and field eqxrimts were 

performed 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 m t s  i m s e d  in a spore suspension under a range of 

concentrations of micrcconidia from 0 - l o 6  spore ml- ' .  

1 3 5 7 9 11 13 15 17 19 21 23 

Days after April 29 

; - ILL 5750 

" ILL 6409 

* ILL 6801 

Figure 3.1.2. Vascular wilt ircidence ( %  wilted plants) during the course 
of reproductive growth in four lentil lines sown in the 
wilt-sick plot at Tel Ham in the 1991/92 season. 



No wilting was observed at the lowest concentration (1000 spore ml) 

in either cultivar (Fig. 3.1.3). However, at higher concentrations ILL 

4605 was mre susceptible than ILL 16 and it always died kfore ILL 16. 

At the highest concentration (10' spore ml-') both genotypes =re killed 

showkg that the resistance of ILL 16 breaks down at high i n d m  

densities. A concentration of 25 x 10' spore ml-' was found sufficient to 

distinguish susceptibility from resistance under laboratory conditions. 

I \ 

\ - 
m 
> 60- .- 
L 
a 
V) 1 

,\. 40- 

20 - 

* Precoz ILL 16 
0 

\ 
I w 4, m 

1 10 100 1000 

Log spore concentration x1000 /ml 

Figure 3.1.3. Percentage survival of two lentil lines (ILL 16 and 4605) , 
contrasting in reaction to vascular wilt, on exgosure to 
different concentrations of rnicrcconidia of Fusarium 
oxyswrum f .sp. lentis. 



139 

Soil samples were collected frcm under lentils assessed for wilt 

incidence at crop mturity. Soil samples were diluted by 1/1000 and 

plated on to Kcmmda's selective medium to assess the colony count of 

Warium o x v s m m  f . sp. lentis. The wriment was carried out in five 

replicates. 

The results showed no clear relationship bet- the incculum density 

and wilt incidence, echoing the results frcm the 1990 season (Fig. 3.1.4. 

A and B) . Heavy wilt incidence was recorded in saw areas with a low 

inoculum density, whereas low wilt incidence was recorded from saw 

samples with high i n d m  density. 

The difference beteen the laboratory and the field in the pattern 

of response to inmlum density m y  be due to several causes such as the 

result of an interaction with other micmryanisms in the field 

e n v i r o ~ t  or estimation of i r d u m  density at crop mturity rather than 

at the seedling stage when the fungus peqetrates the m t  tissue. 

W. Erskine and B. Bayaa ( A l e p p  Ihimsity) 

3 -1.1.5. Screening for resistance to Asm&yta blight 

Ascochyta blight (Rsccchyta fabae f . sp. lentlsj is considered to be m g  

the m t  important biotlc stresses affecting the crop's productivity, 

particularly in Canada, Ethopia and parts of the Indian sub-continent and 

the region of West Asia and North Africa. Losses are not only to the 

standing crop, but also to the seed quality from infection in the swathe. 

Chemical cor.trol is too expnsive for practical blight control and host- 



plant resistance is the most feasible and emrimmtdlly-sound mans of 

disease m m a g m t .  

O L ~ ~ - ~ ~ L  -2 1 I I l  

2 4 6 8 1 0  12  14 16 18 2 0  22 24  

Colony no. (XI 0000) 

U 

8 40/; + 0 

20- + 0  -+ O ILL4401 

;f + 

+ ILL6788 

t i x ILL7142 
0 I , ' I  I I I I I I I I I 

0 1 2 3 4 5 6 7 8 9 1 0  
Colony no (1000/g so~l)  

Figure 3.1.4. Vascular w~lt incidence (% wilted lentil plants) on soil 
sampled for colony nmkers using a medium selective for 
Fusarlum oxyslx,nun f.sp. lentls m the 1990 and 1992 
seasons at Tel Hadya. 
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T t c  qriments were conducted under plastic house conditions at Tel 

Hadya to identify sources of resistance in cultivated lentil to a Syrian 

isolate of Asccchvta fabae f . sp. lentis. 

In the first v i m e n t ,  138 breeding lines were screened n trays in 

a randomized block design wtth two replications and a repeated susceptible 

check (ILL 2580) . Seedlings were inoculated after 2 ueeks and inoculation 

was repeated weekly until the checks were heavily darmged. Disease 

reaction was assessed t w ,  four and six weeks after the first indation 

on a 1-9 scale where 1 = no visible lesions observed; 3 = fari scatted 

spots nomlly observed after careful examination; 5 = spots c m n  on one 

leaf and/or on many leaf lets ; 7 = spots very c m n  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 wrinent revealed unifom susceptibility of 

the check over bzh trays aqd replicates and good sources of resistance to 

Ascochyta blight with 66, 50 and 38 lines scoring 1-3 in the first, second 

and third scorlng Pig. 3.1.5) . Lines differed in their rates of disease 

devel-nt (Fig. 3.1.5) . 

In the second mriment, 30 lines byre screened in pots for reaction 

to Ascmhxyta blight including 12 lines repeated frm EXpriment 1 and 18 

lines tested extensively under field codtions. The aprimznt was in a 

randomized complete blxk design with three replicates. Plants were 

scored tcua and four weeks after the first inoculation on an individual 



Disease reaction 

Figure 3.1.5. FYecpency of different reactions to Asccchvta fabae f .sp. 
lentis at different intervals after first inoculation m g  
138 lentil lines screened in the plastic W at Tel Hadya 
in 1992. Disease reactions were measured on a 1-9 scale 
with 1 = no visible lesions observed and 9 = extensive 
lesions on all plant parts accapanied by stem girdling 
and/or heavy defoliation. 
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Figure 3.1.6. Rate of develqmnt of disease syrrptm caused by &&a 
fabae f .sp. lentis on four lentil lines contrasting in 
disease reaction in the plastic house at Tel Hadya in 1992. 
Disease reactions were measured on a 1-9 scale with 1 = no 
visible lesions observed and 9 = extensive lesions on all 
plant parts accwqxnied by stem girdling and/or heavy 
defoliation. 
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plant basis. Repeated lines rephced the same disease reactions as in 

the earlier trial, confirming the reliability of the exprimtal 

procedure. 

Table 3.1.5. Disease reaction of selected lentil genotypes (accession 
numbers - ILL) to Rsaochyta 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 Svria 
1991 1988 1991 1989 1986 1988 1989 1990 1984 1985 1992 1992 

Table 3.1.5 presents a sum.zy of =he disease reactions to ascochyta 

blight of lentil lines tested ic different locations, in addition to their 

reaction to the Syrian fungal isolate in Expriment 2. 

'I\yO lines, ILL 358 and 5684 were resistant to highly resistant wer 

all locations. ILL 5725 was resistant in all locations except in 

Australla; 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 inprtant issue - 

and also the presence of several different genes for resistance. 

W. E r a  and B. Eayaa (Aleppo hiversity) 

3.1.1.6. Screening for resistance to rust 

Rust is the major fungal pathogen of lentil in the Indian sub-continent, 

Ethiopia and Morocco. We initiated systematic screening for resistance 

t w  seasons ago in collatoration with the Momcan national program in a 

disease 'hot-spot' at J e m ~  Sheim. Unfortunately, the winter in Momco 

was the driest this century 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 alsove c. 800 rn 

on c. 250 000 ha. Research in Turkey has indicated that yields may be 

increased by up to 50 % by early sowing in late a u t m  with winter-hardy 

cultivars. Hcwever, the use of such cultivars is not yet widespread in 

%key, because at high elevation the level of winter hardiness is 

inadequate m cold winters and winter hardiness lms not yet k e n  

transferred from gemplasm sources into acceptable cultivars. 

An effective field screening method is needed to select for winter- - material, both in segregating and exotic germplasm. An experiment to 
develop a field screening method was started in the 1991/92 season at 

Haymana research faxm, located south-west of Ankara at an altitude of 1050 
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m above sea level. The main characteristic of this location is a 1- and 

cold winter seasor. (with minim air temperature of -25'C) with high snow 

fall. The design of the experimt was split-plot with sming dates as 

the main-plot factor with a factorial of density x cultivars in sub-plots 

in three replications. Sowing dates wre October 1, October 22, and 

November 12, 1991. TK seed densities were 200 seeds/& and 400 seeds/&. 

Eight cultivars, including 3 resistant (Sazak 91, ILL 465, ILL 1918), 2 

tolerant (ILL 468, ILL 4400), and 3 susceptible (ILL 2590, ILL 3493, ILL 

55821, were used. The (1991192) winter seasor. was the coldest for 25 

years. There was clear differentiation between s m m g  dates, with October 

1 best for screening. Seed densizy also contributed to wmter-hardiness 

with better scrviva; at the higher density. Culzivars were also very well 

different;ated. Even cultivar Sazak 91, which 1s considered the most 

winter-har& cultivar in Tukey, was cold danaged. The exprimt will be 

repeated next season. Av extra sowlng date 15 September will be added 

next season. 

In addi:lcn to refining the selection enviromnt, the variability 

fcr winter-.wrdiness In both cultivated a d  wild lent11 gemplasm was also 

-rLed in ';he 1991/92 season. 

For =he cultivated gexqlasm an experiment was conducted at three 

:matior-s in Turkey, namely, H a y m a  research farm (elevation 1050 m), 

Intemtiona; Winter Cereal Research Center in Konya (elevation 1050 m), 

and &stem Anatoli31: figricultural Research Institute in Erzurum 

(elevation 1950 m: . A total of 86 randcmly-selected accessions of 



146 

cultivated lentil were used ranging frcm highly susceptible to winter- 

hardy. At Fxzurum, where winter temperatures reached between -40 Co and - 

50 C O ,  all lentils were killed. The range in reaction to winter cold was 

clear at H a m  but less clear at Konya. A 1-9 scale indicating 1= 

resistant and 9 = killed, was used to score for cold tolerance at Haymum 

and Konya. The highest score in one of the t w  replications was taken as 

a reaction of the entry to cold. The lowest score at H a m  was 4 with 

only one accession achieving that score (Table 3.1.6) . Howwer, the 

lowest score at Konya was 2 with mre than one accession scored as 2. At 

H a m  only two accessions scored 5 or less, whereas at KDnya there were 

22. Moreover, mst of the accessions were scored as 9 at Ha-; 

whereas, mst of them were scored as 8 at Konya. The trial will be 

repeated next season at H a m  and at Konya. Additionally, to study 

associations with winter-harriiness, there will be a spring planting at 

H a m  to allow the measurerrent of a range of mrpho-agronomic traits and 

isozyme tests will be run. 

I. K u ~ n e n o g l u  (Central  Anatolian Field Crops Research Institute, Ankaxa, 

Turkey) and W. Erskine 

A total of 248 accessions of wild lentil, ten accessions of 

cultivated lentils and three accessions of Vicia mntbretii were screened 

for cold reslstmce at Maader in Syria (33 42'N,36 08'E; c. 1400 m 

elevation), during the 1991/92 season. For mnparison, 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 



below-zero m i n i m  temperatures extending for about four mnths.  The 

mmker 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 ererged plants was considered as the degree 

of resistance. 

Table 3.1.6. Scores of lentil accession for cold susceptibility at 
Hapma and Konya on 1-9 scale. 

Score Hapma 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, 20691 

7 ILL (29, 45, 53, 61, ILL (51, 442, 1196, 1215, 
295, 630, 1880, 1372, 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, 3516, 4377, 4606, 5244, 
5426, 5479, 5481, 5507, 5585, 
5590, 5593, 5668) 



The overall distribution in cold resistance ammg subspecies is shown 

in Fig. 3.1.7.  All accessions of Vicia mntbretii (syn. Lens mntbretii) 

were resistant to the cold. L. culinaris subsp. orientalis was the m>st 

resistant subspecies of Lens with a degree of resistance of 55%, on 

average; L. niqricans subsp. ervoides s h d  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 bth L. 

culinaris subsp . cdemis and L. niqricans subsp . ervoides, and tvm in 
mntbretii. 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. 

Figure 3.1.7. Winter hardiness, qressed as % resistant plants, of a 
total of 245 wild accessions of the four wild subspecies of 
the genus Lens, L. culinaris subsp. orientalis and subsp. 
mierrensis, and niqricans subsp. nisricans and subsp. 
ervoides, and three accessions of vicia mntbretii grown at 
Maader, Syria over the severely cold winter of 1991/92. 
The winter hardiness of t m  cultivated lentil checks 
(susceptible ILL 4605 and tolerant ILL 4400) is indicated. 
The number of accessions screened of each taxa is sham. 
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The same series of accessions of wild lentil were also sown at 

Haymma  research farm in Turkey to screen for winter-hardiness. There was 

a clear differentiation ktween winter-hady and susceptible wild 

accessions. Accessions of Lens culinaris subsp. orientalis were c d y  

winter-hardy. The trial will be repeated next year at Haywax and at Korya 

in Wkey. 

I. K U Z U ~ ~ ~ ~ U  (Central Anatolian Field Crops Research Institute, Ankara, 

Turkey) am3 A. Hamii and W. Erskine. 

3.1.1.8. Sc- for i m  efficiency 

Iron deficiency symptorru; are observed on swne genotypes of lentil grown in 

calcareous soil. During the cold, wet winter season of 1991/92 at ICARDA 

Tel Hadya, iron deficiency symptm appeared on s m  lentil lines 

originating from India; c:us prompted further analysis of im7-efficiency 

scores f m  cultivated lentil germplasm grown in another ccol, wet season 

(1979/80j with the following results: 

A germplasm collection of 3512 accessions originating from 18 

countries was characterized for iron deficiency in a Calcic Rhdoxeralf 

soil at ICARDA, N. Syria in the 1979/80 season. The total rainfall was 

426 mn (27 % h v e  the long-term average: and the absolute minim air 

temperature was 8.0 OC. 

At 105 days after sowing, 592 accessions, represer.ting 16.9 % of the 

collection, showed chlorosis symptoms characteristic of iron (Fej 



deficiency. The Fe deficiency was verified by foliar application of Fe- 

chelate. Germplasm from different ccuntries contrasted in iron 

deficiency, with those accessions exhibiting symptm of iron deficiency 

mstly originating from relatively warm climates such as India (37.5% 

accessions shming Fe deficiency) and Ethiopia (30%) (Table 3.1.7). The 

only ppulations from Mediterranean countries shing Fe deficiency were 

from Syria and Turkey at very low frequencies, where the crop originated. 

Table 3.1.7. Number of lentil germplasm accessions per country scored for 
iron-deficiency s~mptcms 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. 

Country Total % accessions scored Mean SD 
of origin no. of 1 3 5 7 score 

acc . 

Afghanistan 
Chile 
m t  
Ethiopia 
Greece 
Hungary 
India 
Iran 

Iraq 
Jordan 
Lebanon 
Mexico 
mroccc 
Pakistan 
Syria 
Turkey 
USSR 
Yugoslavia 
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Chlorosis was positively correlated with cold susceptibility. Fe 

chlorosis was transient as the deficiency symptcms largely disappeared 

during reproductive growth, coinciding with changes in soil and climtic 

conditions favoring crop growth. 

In I d a n  germplasm, mild deficiency symptm gave no loss in seed 

yield, but there was a mjor yield reduction of 47% in those accessions 

with the mast severe symptcms. Straw yield was reduced cmmnmrately 

with the severity of symptcms. 

W. Ekskine, N.P. Saxena and M.C. Saxena 

3.1.1.9. Adaptaticm of l en t i l  to  rmisture spply and t-ture 

&ti1 is a rainfed crop in North Africa and West Asia where yields are 

limited by the m u n t  and distrhtion of rainfall and by winter cold. 

This study aimed to quantify the effects of climatic variables on lentil 

seed yields througk. the fltting of simple empirical models to trial data 

of two cultivars sow. at six sltes f m  1983 - 1989, representing 31 

envirormnts in m i a .  Tne raqges over environments were 152 - 527 m for 

total seasonal rainfall a d  1 - 52 for the number of frost nights. 

Prelirrinary results were reported m tne 1991 Lqtme Prqram Annual 

Report. Cwerall, the tctal seasonai rainfall accounted for 40.8 % of the 

j-arianze in mean seed yield with a response of 5.68 kg/ha/mn. A multiple 

regression model with mnthly rainfall from No>-enber to k y  eqlained 67.0 

% of the variance in wan  seed yield. From Noven-kr to February the 

response of seed yield to mnthly total rain was below 10 kq/ha/mn; rain 
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in March, the period of late vegetative growth, mde the most important 

contribution to seed yield (Fig. 3.1.8). The 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 H a w  (the most frequently 

used site), the total seasonal rainfall accounted for 79.8 % of the 

variance in man seed yield, and the addition of the number of frost 

nights to the &el improved the fit to 92.7 %. Winter cold had a smaller 

effect on yield than rainfall with no consistent overall effect, but with 

differences betuneen regions. The cultivars contrasted in their drought 

responses to (78926002 was superior to ILL 4400 at seasonal rainfall 

levels dawn to 134 mn) and the number of frost nights at Breda and Tel 

Hadya (78926002 was more susceptible to cold than ILL 4400). T"hE3, 

despite the predcminant influence of rainfall on yield, the genetic 

variability in response to misture and cold show the scope for selection 

under rain-fed Mediterranean environments. 

W. Erskine and F. El Ashkar (ARC Lbma, Syria) 

Lentil is grown under irrigation in EQypt and Sudan. The objectives 

of a ccmplementary study (funded by the Nile Valley Project) were to 

determine the adaptation of a range of lentil genotypes to a wider 

spectrum of moisture regimes. Thirty-four diverse genotypes were grown 

for two seasons (1984/85 and 1985/86) at three locaticols, varying in total 

seasonal rainfall, in northern Syria and Lebanon (Hamdi a,, 1992) . At 

one location (Tel Haciya, Syria), the crop was grown under two moisture 

regimes using sup~lementary irrigation. 
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Figure 3.1.8. A. Response of mean seed yield ikg/ha/mn) t o  ra infa l l  from 
November t o  May shown w i t h  the average mnthly  r a in fa l l  
a m m t s  over two mltib-ars and 31 environments. 
Standard errors  it) for  responses a re  given. 

B. Cor.tribtu:on t o  man seed yieid of the r a in fa l l  from 
Kovember t3 May calcuated a s  the p r d c t  of the 
mnthly rebqmnses of seed yield t o  ra in  and the average 
ra infa l l  t o t a l s .  Standard errors  !+) for  responses are 
shown. 



Preliminary results WE reported in the Fccd Legume Improverent 

FYqram Annual Report 1986. Variation in mean seed yield/plant was 

largely explained (I? = 0.82,3 P = 0.01) by the variation in water supply. 

The regression of seed yield/plant on to total water slrpply indicated a 

response of 0.67 g/plant seed yield per 100 mn increase in water supply. 

lb supplewntary irrigations (50 mn each) resulted in a 20% increase in 

seed yield/plant. Genotypic performance was adequately sumnarized by 

genotype means and their linear responses to different levels of misture 

supply (Fig. 3.1.9). Genotypes were classified into four contrasting 

Figure 3.1.9. The relationship between the regression coefficients (b) of 
seed yield on enviromtal mean and the rean seed yield of 
34 lentil genotypes. Genotypes are divided to 4 groups; 
group 1: widely adapted to all envirom&nts; group 2: 
poorly adapted to all environments: group 3: adapted to 
high misture supply; group 4: adapted to dry environnients. 
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groups according to their regression ccefficients and mean yield. The 

first group had average stability (i.e. regression coefficient did not 

differ significantly from 1.0) with seed yield &=we the grand roean (1.22 

g/plant) indicating that they had general adaptability. This group 

comprised 17 genotypes, primarily Mediterranean in origin. Group 2 

comprised eight genotyps, with seed yields below average and regression 

ccef f icients of unity, and was composed mainly of late-mturing lines f ran 

northem latitudes. Consequently, these entries can be considered to be 

poorly adapted to all the test environments. Group 3 was composed of 

three entries (ILL 241, ILL 5523 and ILL 5527 from Syria, Australia and 

Hungary, respectively) with regression coefficients significantly greater 

than 1.0 and above-average seed yields, showing specific adaptation to wet 

conditions. Finally, Group 4 contained six entries with regression 

coefficients of less than urity and low average yield. The group 

comprised all the Indian a?d Ethiopian lines, which are early in 

phenology., allowing them to escape drought. Clearly, selection of 

genotyps for either wet or dry conditions m y  be usefully mde. 

A. Hamii, W. Erskine and P. Gate8 (Lhiversity of Durham) 

3.1.1.10. hraluatian of wild lentil for agnmanic characters 

Tne evaluation of wild lentil for agronomic characters under field 

conditions continued this year w;th the SJIW accessions as last season (LP 

Annual Report 1991). A total of 121 accessions of species were sown 

in the field at Tel Hadya in November 1991. L. nisricans subsp. ervoides 

s h d  poor germination with germination rn only five accessions out of 

the 39 sown. The 1991/92 season was colder than the prevlous season 
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causing late flowering and an extended crop growth duration (Table 3.1.8) . 

The cold also resulted in less vegetative growth 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, rean seed 

yield was lower in 1991/92 than in the previous season in L. niqricans. 

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 impmvernent program. Hmver, 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 misture 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 accessions to 

drought stress. A set of 121 accessions, representing all subspecies of 

the genl~s m, were gram for the second season in a field trial 

conducted at Breda (long-term annual rainfall of 280 mn) under a line- 

source sprinkler irrigation system. This season the mistwe regime 

ranged frwn rainfed ( 263  mn total annual rain! to rainfed + supplementary 

irrigatiom (total water supply of 363 mn! 





The average time to maturity under rainfed conditions of the sub- 

species ranged from 170 days for L. niqricans subsp. emides to 175 days 

for L. niqricans subsp. nicrricans (Table 3.1.9) . Irrigation proloqed the 
growth period for all sub-species . Amng the wild lentils, subspecies L. 

culinaris subsp. orientalis yielded m t  seed and straw. As might be 

inxEa5e - rayst0 Sf SIY Sf SIY 
-tYbh m nahnity QLtB h rainffd(%) 

sp. oriadalis M 172 346 780 179 7191950 108 
R 165-187 158-719 331-1635 1R-190 64-1509 3184350 0480 

sp. Ezwids M 170 178 171 184 242 733 36 
R 165-186 74-613 10-578 178-190 48-654 184-1830 0-364 

expected, accessions of the cultivated lentil produced the highest seed 

and straw ylelds overall. Yields ~ncreased wlth water supply, but the 

percentage varied sver subspecies. On average, subspecies L_ culinaris 

subsp. orientalis and L. r . i w  subsp. nisricans showed high irrigation 



response, and hence poor drought tolerance, as their seed yields increased 

by 108% and 110% over rainfed con&tions, respectively (Figure 3.1.10). 

By comparison, the cultivated checks (10 accessions) showed a response in 
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Figure 3.1.10. Average seed yield (t/ha) and its reqmnse to irrigation 
of the sub-species of the genus from the 1990/91 and 
1991/92 seasors (shown as 91 and 92 huvests, 
repctively) at Breda. 

The genotype x he.ter regime :r;reracxons for kth seed and straw 

y~elds were significant, ind;caLmng the varisbillzy &PeerA tndividual 

accessions ir. response to h q h t  stress. For exanpie, the prcentage 

increasz ir. seed yieid with irrigatior. ifi cullnaris subsp. orlentalis 

ranged frcm 3 % for zccesslcn TLWL 37 tz 450 2; wlth ILWL 24. %e hlghest 
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yielding accessions within each subspecies under rainfed conditions are 

given in Table 3.1.10. Accession ILWL 91 from Turkey gave the kighest 

Table 3.1.10. Accession nmker (ILWL), seed yield, straw yield and water 
use efficiency (WUE) of the highest-yieldiq 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/m) 

ILWL sub-species (kg/ha) (kg/ha) Seed Straw 

L. culinaris - 
91 ssp. orientalis 779 1635 2.96 6.22 
175 ssp. odemis 198 248 0.75 1.08 

L. nisricans 
305 ssp. nisricans 318 881 1.21 3.35 
259 ssp. emides 375 298 1.43 1.13 

Mean of cultivated lentil 2122 2546 8.07 9.68 

seed and straw yields m n g  wild lentils of 779 kg/ha and 1635 kg/ha, 

respectively, and also had the greatest water use efficiency with 3 kg 

seed/ha per m water supplied and 6.2 kg straw/ha per mn water supplied. 

Cmparmg the results of the seasons 1990/91 (Legume Frcgram Annual 

F.eport 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 1991192, seed yield was generally greater than in the previous 

season because of the higher rainfall in 1991/92 (Figure 3.1.10). 

A. H a d i  and W. Erskine 
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3.1.1.12. Develqment of scale of lentil g-ra&h stages 

A scale of the stages of developent was mde by Erskirle d. (1991) . 

We wished to refine this scale in anticipation of its use for data 

collection in the field with hand-held palm-top computers. Classically, 

time to flower is reasured as the period frm effective s m m g  date to the 

date that 50 % of plants in a plot produce their f;rst £laver. Accurate 

determinations of flowering time entail repeated visits to plots. This is 

m i v e  at best and often logistically inpssible for trials far f m  

home-base. The plant breeder is primari;y ~nterested in capring the 

earliness/lateness of test enzries with specifled checks. The use of a 

scale of the staqes of developwnt on a single visit should give 

sufficient infomtion for the comparisons of mterest. 

Briefly, our scale of reproductive deve;opnent is built around five 

clearly visible stages on an inhvidual plant: first open flower; 

appearance of -,he first pods; appearance cf first 'flat ' pods; appearance 

of first 'fat1 pods (seeds full inside the pod); and appearance of first 

ripe Ijods. Each stage is dvided into ten levels depending on the 

propanion o€ planzs to reach the stage of developt. Reprdctive 

stages start at 1 and extend to 50. For example, the first open flower 

stage star-s at 1. and extends to 10; the reproductive stage 1 is defined 

as when 10 % cf plants ir. the plot hzve produced their first open flower 

and reprcd~ct~ve stage 10 1s when 100 % of plants in the plot have 

produced their first open flauer. The stages of the appearance of first 

pods are from 11-20, the 'flat' pod sages are frm 21-30, 'fat' pod 

stages are £mi 31-40, a ~ d  the ripe pod stages extend from 41-50. 
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The growth stages of t m  lines (early flowering and late flowering) 

are illustrated for 13 sampling dates spanning reproductive qrayth in 

Figure 3.1.11. At ten of these sampling dates differences between lines 

in the stage of reproductive grmth  were clearly visible. We intend to 

establish the extent of genetic and enviromental variation of the scale 

and understand the accuracy associated with its use. 

M. El (1IEV (ARC Idlib s t a t h .  Syria), A. Hamli arid W. Erskine 

Figure 3.1.11. Developmtal scores of an early flowering and a late 
flowering line through reproductive growth in a 
preliminary yield trial at Tel Ha* in 1992. 



163 

3 .l. 2 .  Use of lentil gentpa by NARSs 

3.1.2.1. Advances for the Meditenamau region 

The 1- base prcyram provides segregating populations and breeding 

lines to national prqrams in North Africa and West Asia for elevations 

below 1000 m around the Mediterranean Sea. To date, more use has been 

rrade of lines than seyreyating populations and very few crosses are made 

in the region outside ICARDA. 

The exploitation of local gemplasm within this region has sham 

unequivocally the similarities in adaptation within this lowland 

Wterranean region. For example, selections from Jordanian germplasm 

have been released in Lebanon, Syria and are scon to be released in Iraq 

and Libya. Selections f m  Syrian germplasm are released for cultivation 

in Algeria and Tunisia. Selections f m Lebanese and Moroccan gemplasm 

are released/ in pre-release for cultivation in S.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 dtiplication and/or 

on-fann trials by NARSs. 

In Syria the red-cotyiedon line ILL 5883 will smn be suhitted to 

the variety release carmittee following its testing in on-farm trials 

over the last four years, where it yielded a man of 22% more than the 

local check in Zone 1 (man a m 2 1  rainfall > 350 nm) and 9% more than 

the local check in Zone 2. Additionally, it has inproved standing ability 

for harvest wchanization and superior reaction to vascular wilt disease 
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compared to the local check. 

On-farm trials are planned 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. 

Camtry Cultivar Year of Specific features 
name release 

Algeria Syria 229 1987 High yield, good seed quality 
Balkan 755 1988 High yield, good seed quality 
ILL 4400 1988 High yield, good seed quality 

Argentina Arbolito(1LL 4650x-4349) 1991 High yield, tall and early 
Australia ILL 5750 1989 High yield 

Canada Indianhead (ILL 481) 
Q~ile Centinela (74TA470) 
China FLIP87-53L (ILL6242) 
Ecuador INIAP-4506 (FLIP 84-94L) 
%f'Pt Precoz (ILIA605) 
Ethiopia R 186 

ILL 358 

Iraq 78S26002 (ILL 8)  
Jordan Jordan 3 (78s  26002) 
Lebanon Talya. 2 (785 26013) 
Morocco Premz (ILL 4605) 
Nepal Sikhar (ILL 4402) 
N. Zealand F'LIP87-53L (ILL 6243) 

Green manure 
Rust resistant, high yield 
High yield for Qinghai Province 
Rust resistant, high yield 
For intercroppiq in sugarcane 
High yield 
Rust resistant, high yield 

High yield, standing ability 
High yield, standing ability 
High yield, standing ability 
Rust resistant, high yield 
High yield 
High yield, red cotyledon 

Pakistan Manserha 89 (ILL 4605) 1990 Ascochyta & rust resistance 
Syria I d l e k  1 (785 26002) 1987 High yield, reduced lodging 
misia Neir (ILL 4400) 1986 Large seeds, high yield 

Nefza (ILL 4606) 1986 Large seeds, high yield 

Turkey Firat ' 8 7  ( 7 5 H  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. C r i m s o n ( I L L 7 8 4 )  1991 Yield in dry areas 



In Iraq the large-seeded line 78926002 was registered in 1992. The 

lentil line ILL 1939 has been offered for registration by the South-East 

Anatolian Research Institute in Wkey. 

In North Africa the line FLIP84-58L (ILL57281 has been identified by 

the national program for pre-release dtiplication in lbnisia as a 

supplemt to the two dtivars already released. In Algeria the 

rlational program has selected Balkan 755, Setif 618 and LE Redjas for 

release this year. In Libya the line 78526002 is in pre-release 

multiplication. 

Table 3.1.12. Mtil lines in pre-release dtiplication or on-farm 
testing by NARSs. 

Mediterranean reqion 
Algeria ILL 468, ILL 1889 
Jordan FLIP84-147L, FLIP87-5L 
Lebanon FLIP86-2L, F'LIP87-56L 
w 78526002 

Wrccco F'LIP86-15L, FLIPBS-16L, FLIP87-19L, FLIP87-22L 
Syria ILL 5883 
Tunisia FLIP 84-581, 
Turkey ILL 1939 

Hiqh elevation 
Iran ILL 4400, IL; 4605 
Pakistan FLIP84-4L, LIP85-7L 

Southern Latitudes 
Ethiopia FLIP86-12L, F'LIP86-16L, F'LIP86-18L 
N-1 ILL 2578, ILL 4404 
Pakistan ILL 2573 
Sudan ILL 795, ILL 813, ILL 4605 
Yemen ILL 4605, FLIP84-14L 

Others 
Argentina FLIPB4-lOOL, FLIP86-12L, FLIP87-23L, 74TA19 
China ILL 504, FLIP 87-53L 



Lentils in Morccco suffered less rust than in the previous seasons 

because of a severe drought during the winter. The following lines with 

resistance to rust FLIP86-15L (ILL6001), FLIP86-16L (ILL6002), FLIP86-19L 

(ILL6005), F'LIP86-21L (ILL6007), F'LIP87-19L (ILL62091 and F'LIP87-22L 

(ILL6212) are in the catalogue trials. 

Naticmal A g r i d t u r a l  Research Systws 

3.1.2.2. Advances for southern latitude regicar 

This region comprises the sub-continent of India and Ethiopia where an 

early flounering habit is required together with resistance to rust, 

flscochyta blight and wilt. The irrprtance of foliar pathogens contrasts 

with other mjor areas of lentil prcduction. 

There are three strong lentil breeding program in Pakistan with tiho 

in Faisalabad and the remaining program in Islamabad. Over the last five 

years ICAREA has mrked closely with these programs in joint selection as 

the focus of a thrust to broaden the genetic base of lentils in South 

Asia. Wcgress in Pakistan in lentil bredkg is now clearly visible. 

This season the National Lentil Trial (91/92) in Pakistan cianprised the 

following entries : 

25% lines selected directly from ICARDA trials 

17% lines from ICARDA supplied crosses 

8% lines from a local cross with an ICARDAparent 

33% lines which are mutants from ICARDA supplied germplasm 

Improved check (ex-ICARDA) and local check 

Varietal releases are planned from this material this year. 
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The mjor phction problem in Bangladesh addressable through 

breeding is rust. We have been making targeted crosses for Bangladesh of 

rust resistance sources with the local susceptible cultivar 'L5 '  in the 

base program at Tel Hadya.  Selections have now been made in Bangladesh of 

adapted rust resistant plants in the F3 generation frcm this material. 

During the 1989/90 season ILL 4605 was included in every crossing 

block in India on the basis of its large seed and d i n e d  resistance to 

rust and Ascochyta blight. Euring the 1990/91 season there were a total 

of 60 test entries in the All-India Coordinated lentil trials, of which 12 

entries care from crosses with ILL 4605 as a parent. The Indian 

Agriculture Research Institute, New Delhi has selected t m  ICaRDA lines 

(LS 362 and LS 2865) for inclusion in the All India trials with larye 

seeds (5.5 g/100 seeds), early flowering and a high yield potential. 

Nepal grows m e  than 120,000 ha of lentil spread frm the Terai area 

adjacent to India to the lower Mid-Hills. The Grain Legume Improvement 

Program of Nepal has shown that lines from the Pakista~/1CARDA breeding 

program are excellently adapted to Nepali conditions. For example, the 

cultivar ILL 4402 currently grown in Nepal originated in Pakistan and the 

best introduced lines in Nepal ccrne frcm the joint Pakistan/ICARDA 

breeding program. 

In Ethiopia FLIP 84-78L (ILL57481 86-16L (ILL60021 and are in 

pre-release, larye-scale. tests with the National Seed Registration 

Camittee. Ada xd Akaki are the areas where the released line NEL 358 is 
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beaming 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 dtiple-disease resistant. 

In Sudan the large-seeded line ILL 4605 and dl-seeded ILL 795 and 

ILL 813 were promising under farmers' conditions at Rubatab and Wad-Hamid 

in Northern Sudan in the 1991/92 season. 

N a t i d  Pgricultural Research Systems 

3.1.2.3. Advances for high altitude region 

The high altitude region primwily consists of those regions of 

Afghanistan, Iran, Pakistan and Turkey where lentil is normally g r a ~ n  as 

a spring crop because of tbe severe winter cold. This season at Ankara 

the national program of Turkey has again demonstrated that winter-sown 

lentil has a higher yield potential than the spring-sown crop providing 

there is sufficient winter-hardiness in the cultivar. In the Lentii 

International Cold Tolerance Nursery at Ankara the checks were susceptible 

to cold and killed and the Lines ILL 468, -1918, -465 and -983 were 

tolerant and selected in descending order of merit. 

The line 1066-1, a single plant selection made at Eskisehir frm ILL 

854, is a large-seeded, red-cotyledon line which was released as Sazak191 

for winter sowing sn the central plateau of Turkey during 1991. 

In Iran the lines ILL 4400 and ILL 4605 are promising in the Ardabil 



region. 

The lines FLIP84-4L and FLIP85-7L are in 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. 

Naticmal Agricultural Research Systems 

3.1.2.4. Advances in other ~ e a s  

In Aryentina the dtivar Arblito was released during 1991 on the basis 

of its high yield and stability, growth habit for mechanization and grain 

quality. F6 seed from the cross Laird x hcoz was taken haw by an 

Argentinean trainee and re-selected to p d c e  this cultivar. 

The New Zealand Institute for Crop and Fccd Research has indicated 

that it will register lentil FLIP87-53L (ILL 6243) as a variety. It is a 

red cotyledon line which has out-perfom& the m r c i a l  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 lines FLIP84-5LL (ILL5722) and F'LIP86-16L (ILL6002) are in 

multi-location testing follawing their selection at T m r t h  over several 

seasons. In Victorla the best lines are FLIP84-51L (ILL57221 and F'LIP84- 

58L (ILL5728). The mst promising new selection in South Australia is 

F'LIP84-61L (ILL57311 . 

Cultivar Crimson was released in USA in 1991 as a result of single 
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plant selection of I---supplied germplasm (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. 

N a t i c m a l  I?gricultural Research Systems 

3.2.1. m-Markers in L e n t i l  

With the application of polymerase chain reaction (pa?) technique, 

sequences can be amplified using a primer which initiates the plymerase 

reaction. If an amplified sequence can differentiate between twa parents 

through a plyr~rphism and has mendelian inheritance, this Dm-sequence 

m y  be tested for linkage to an agroncmic trait. Many such plprpkisms 

can be so tested. In collaboration with Dr. F. J. Muehlbauer of Washington 

State University, Pullman, USA, RAPD (random aqlified plymrphic m) - 

markers are used to establish linkage to agronomic traits in lentils. 

RAPD-marki?rs are generated after use of randm DNA 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. m a t i n g  populations have been 

established in h l l m  and will be used for gene tagging at ICARDA. 

Currently, a set of 400 WD-markers is king used to look for 

polymrphins between lentil lines. 

M. Bawn, F . J. Wehlbauer (Fullman, W a & h g t o n )  and W. Erskine 
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3.2.2. Test for Sumclonal Variation in Lentil 

ikvelopnent of D m  mrker usins a F2 segrqating p p u l a t l o n  depends on the 

availability of sufficient mdlvidual F2 plant since ?? plant mter ia l  

might have been lost during t ra i t  evaluation (e.g. seedling tes t  against 

Figure 3.2.1. DNA-fmgeprints of Ln vi:m cultured len t i l .  Total DNF, 
w%s digested with Taql and pmbd with !GAT)&. Lane 2 
canta~ns the 3zr.or plant. Lanes 3-6 c o ~ t a i n  the 
rwenerazion. Lane 1 SF-ms the mleculaz might narker. 
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a. rabiei) and n m -  seeds have to be harvested from the same plants 

for further trait evaluation in F3 the DVA stocks of the Fj individuals 

might be exhausted before a trait specific m k e r  could have been 

developed. To overcme this bottleneck in a crop where dihaploid lines 

can not be produced by in vitro culture technicpes recombinant inbredlines 

could be developed. The disadvantage of such an apprcach is the tim 

required to reach at least the F6 generation. An alternative approach 

might be the clonal propagation of the bdividual Fzplants. In this case 

somaclonal variation has to be ruled out as an unwanted source of genetic 

variation. 

To detect scpraclonal variation, lentil plants were briefly w e d  

to tissue culture stress. Thereby, excised shoot tips were cultured in 

vitro until theyprduced mts. At the cutting sites soze callus tissue 

developed. Regenerated plantlets were compared with the respective donor 

plants by DNA-fingeerprinting (Fig. 3.2.1). No final conclusion can be 

drawn since genetic stability indicated by identical DNA-fingerprints 

between parents and regenerants is questionable because of one missing 

band in all regenerants (15 kb). Most probably the loss of this band is 

a technical artifact because it is very unlikely that tissue culture 

inctuced mutation should have occurred at one and the same locus in 4 

independently regeneration plantless. This will be further studied. 

P. Weigand and I. M d m n d  
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3.3 .  Lentil Biological Nitrogen Fjrwticm 

3.3.1. Y Fiwt im  of Lentil Cultivars in RespaPlse to Inoculation w i t h  

Selected Rhizobia 

With long term cultivation of lentil in areas of WQG. receiving between 

250 and 400 mn annual rainfall, high native populations of rhizobia 

ncdulating lentil axe expcted. Surveys conducted throughout W. Asia 

verify this; average viable counts of rhizobia nodulating lentil are in 

the range of 1o3-1o5 g-' soil. Dcistence of adequate native rhizobial 

populations inplies that improvemt in I$ fixation through mnipulation 

of the symbiosis via r:lizobial inoculation m y  not be possible. Little is 

regarding specificity of the crop with respect to strain-cultivar 

interactions, but indications by other investigators point to sare degree 

of specificity. 

Response to inmlation may occur where introduced cultivars, 

selected for high yields, cannat express their full capability for I$ 

fixation in symbiosis with native rhizobial populations which have 

developed in coadaptation with local landraces. Selection of highly 

effective strains far a group of improved cultivars or lines then m y  be 

sufficiently beneficial tc justify the practice of inoculation. It is also 

important to establish base-llne values for P+, (the p-rtion of plant 

N derived fran % fixation) and quantities of 'K2 fixed in recomoencled 

cultivars of Lentil so irrprovements through rhizobial strain and legume 

cultivar breeding and selection m y  be quantified. The objective 

therefore of this long term study was to determine the variations in 
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nitrogen fixation and yield in lentil cultivars inoculated by a nunker of 

carefully selected Rhizobium leqminosarum strains ndlating 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 mn, representing a m d  range of rainfall for lentil 

pdction. Seven dtivars of large- and mll-seeded types were used in 

the trials, chosen for their realized and potential use in the region. 

Chltivars included ILL 8, ILL 16, ILL 1939, ILL. 4400, ILL 4401, ILL. 5700 

and ILL 6011. 

Most probable number (MPN) measurements of indigenous lentil rhizobia 

populations in the test soils were high (ketween 6.8 x lo3 and 4.6 x l o 4  

rhizobia g-' soil], due to long-term cultivation of lentil in these 

areas. Rkizobia treatments comprised unincculated and t m  strain 

treatments; all experiments included at least one single strain treatment 

(strain 719), while s m  included two single-strain incrulants (strains 

719 and 735) or a single-strain inoculant (strain 719) and a 3-strain 

mixture (strains 719, 726, and 735) . Strains were selected based on prior 

N2-fixing performance on the concerned dtivars in aseptic hydroponic 

culture in greenhouse trials. Seeds were inoculated at planting using a 

liquid application method, at a rate to provide approximtely lo6 viable 

cells per seed. 

Trial results here reported are only for the best overall inoculation 

(single strain 719) and non-inoculated treatments. As wcted, increased 



% fixation acccmpanied increased yields with increasing rainfall (Fig. 

3.3.1). Inoculation had virtually no effect on average crop dry matter or 

nitrogen yields overthe seasons. As rainfall increased, yield variability 

between cultivars also increased, but average yields indicate no response 

to inoculation. h~unts of N2 fixed did increase with indation as 

rainfall increased, reaching a lMximum increase of 14 kg N/ha (13% 

increase over uninoculatedl at 350m seasonal rainfall. 

The large degree of variability in inmlation response between 

cultivars and expzriwnts is shown in Table 3.3.1. Average nitrogen and 

dry matter yield responses to inoculation were negative i~ 1987-88 and 

1989-90 seasons, a d  psitive in other trials. It is interesting to note 

Rainfall (mm) 

Figure 3.3.1. Dry matter, total nitrogen and fixed nltrcgen yield of 
above ground parts of lmtil as affected by inoculation and 
total seasonai rainfall, 3987-1991; + 1 = moculated; - I 
= uninmlated. 



that response does not seem to be connected with available mist-. Yield 

responses m g  cultivars within experiments also varied greatly. Only 

cultivars ILL 5700 and 6011 showed positive yield responses to inoculation 

in all trials, but all cultivars produced significantly increased yields 

due to inoculation in at least one of the trials. Given such wide 

variation in yield response to inoculation with carefully selected 

rhizobial strains, it wuld be impudent to recomnend inoculation at the 

farmer level. 

Table 3.3 .I. Average ahme gmmd dry matter (AGLM) and nitrcgen (N) yield 
response of 7 lentil cultivars to incadation with strain LE 719 
in 5 field expriments, 1987-1991. Figures represent percent 
change from uninocvlated control (parentheses indicate negative 
percentages) . 

ILL 8 ILL 16 ILL 1939 ILL 4400 ILL 4401 ILL 5700 ILL 6011 X -- 
1987-88, 350 
Tel Hadya 

AQ3M (31 3 (61 (10) (91 14 6 (1) 
N (5) (3) (61 (10) (13) 16 2 (5) 

1988-89, 235 mn 
Tel Hadya 

XDl 1 21 11 6 13 23 16 
N 9 25 17 8 10 33 27 18 



Because of increased cultivar variations in yield at higher misture 

and the limted number of p i n ~ s  on the rainfall axis, total crop N, fixed 

crap N, and qi, have been plotted against dry mtter yields in Fig. 3 . 3 . 2 .  

Inoculation clearly has no effect on the N yield at a given level of dry 

mtter production. qix is, however, Increased by indation at higher 

levels of crop prociuction, increasing quantities of i'$ fixed. As a result, 

soil 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 ccntext. 

Dry  matter ylald(kg/ho) 

Figure 3.3.2. Effec~ of inmlation on total nitrcgen yield, yield of 
fuced rlitilp?en and prce?tage r i t ~ e n  derived from 
fixation (Pfixi at varlous levels of above ground dry 
rrliitter y~eld. 
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The mgnitude of yield increases in - cultivars and increase in 
the average P+, values at higher rainfall suggest that manipulation of the 

Wiosis via inoculation m y  be feasible in lentil, even where native 

rhizobia populations are high and derately effective. However, better 

understanding of the mechanics of interactions between native lentil 

rhizobial populations and inoculant strains is a necessary prerequisite to 

mre consistent results f m  inoculation. A farmer will find it difficult 

to adopt inocrulant technology if econanic rewards, such as increased 

yields of the legume or following cereal, are not obtained as a 

consequence. D. Beck a n d W .  Erskine 

3.3.2. Effect of Variable bbisture on Y Fkat i cm in Lent i l  

Of the legun~s grown in rotation in the Mediterranean region, lentil is 

the crop mst often grown under conditions of limited rainfall. If 

incorporated into crcp/livestock system 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, 

reduce the requirements for inputs of fertilizer N. Characterization of 

the interactions of I!$ fiwtion and rmisture in lentil will allow 

development of rranagmt strategies designed to improve the N econcmy of 

soils thmugh legume N2 fixation. 

Wing 1988/89 and 1989/90 seasons, field trials utilizingthe line- 

source sprinkler for variable misture application and incorporating l5?J 

microplots to measure i'$ fixation were conducted to determine the effects 
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of variable misture supply on % fixation in 11 lentil lines. 'rhe plant 

material tested consisted of local landraces and crosses made at ICWDA, 

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 misture supply. nb3veground dry matter and nitrogen yields were 

masued at physiolqical maturity under 7 misture levels, ranging 

between 180 and 375 mn for the t m  seasons. For masunmmt of N, fixation, 

an isotop dilution wthod was used with non-ncddating chickpsa line 

PM233 and local barley as reference crops. No rhizobia i n d a n t  was used, 

as the field soil contained an adequate papulation of chickpea rkizobia 

(see Section 3 .3 .1) . 

As expcted, lentil yields were closely related to applied misture 

(Fig. 3.3.3) . Cultivar differences were significant only at the highest 

misture level, where ILLS 6234 and 6247 gave the highest N and dry mtter 

yields. Measurements of Gix at each misture level were also not 

siqnif icantly different armng cultivars . Average six values ranged from 36% 
at 180m misture to 68% at 345-375mn. 

In order to present the relatlonshp between yield (as affected by 

misture availability) and total crop N, fixed crop N, and E+ix, N 

parmters have ken plotted against aboveground dry mtter yields (Figure 

3.3.4) . Perhaps mst significant is that Six values (40-50%) indicate an 

effective .symbiosis evcn when mistare limits cby mtter yield to below 



Moisture a p p ~ e d  (mm) 

Figure 3 . 3 . 3 .  Effect of total  mlsture supply on dry matter and to ta l  
mtrogen yleld of above ground parts of lentil. 

200 100 

v Total crop N - 80 - 
u 

v 
I 

... . . 
> 
Y - 100 - . 
2 . .  . 

OJ - 
A 

Z 
50 - 

- 20 

0 I 0 

0 2000 3000 6000 

DM y ie ld  (kg /ha)  
Figure 3 . 3 . 4 .  Total and fixed n i t rqen  yield and proportion of crop 

nitrogen der~ved from fixation in l en t i l  in relation t o  dry 
matter yield. 
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1500 kg/ha. This results in very little soil N (indicated by the distance 

between the 2 N cwves in Figure 3.3.4) being taken up by the crop at 

lower misture levels. In skLvp 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 from soil rqardless of misture availability and yield level (see 

Section 2.5.2). This fact undoubtedly reinforces regional farmers' 

decisions to include lentils in cropping system under limited rainfall, 

though they might not be aware of the reasons for improved system 

productivity. Fixation efficiency reached an average maximum of 66% at 

about 4000 kg/ha dry mtter p d c e d ,  at which pint 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 £ran 10 cultivars in unincculated treatments of 

4 years of winter-saun inocu;a~ion response trials conducted in N. Syria. 

Most of the adhtional data inserts atme the 2 t/ha yield level, and 

because earlier sowing results in higher average yields, adds several 

pints above the 5 t/'yield level. The relationships between yield and 

N, fixation, after inserting the addizional infomtion, are virtually 

unchanged, except for an apparent drop off in six above 5 t/ha dry matter 

production. At higher yield levels (le. production at >350mn rainfall) 

decreased fixation efficiencywill result in increased soilN uptake (Fig. 

3.3.6). This infomtlon supprts the regional practice of replacing 

lentil cultivation with chickpea at a b ~ t  the 350 nn rainfall level. 

D. Beck, W. Erskine, S .  Silim and M.C. Saxena 



Moisture applied (mm) 

Figure 3.3.5. Effect of total  moisture supply on dry m t t e r  and tota l  
nitrogen yield of ahme ground parts of l en t i l .  Expanded 
data se t .  

200 100 

DM y ie ld  (kg/ha) 

Figure 3.3.6. Total and fixed nitrcgen yield and proportion of total  crop 
nitrcgen derived from fixation in relation t o  dry m t t e r  
yield of lent i l .  m d e d  data set .  



3.4 .  Lentil htaivlcgy 

The effect of damage by Sitona crinitus on lentil yield and nitnsgen 

fixation was further studied and also related to different misture supply 

levels. For storage insect pests methods of protection were studied in the 

field. The exprimat on yield loss assessment and econanic control of 

aphids could not be carried out due to insufficient aphid infestation. 

3.4.1. Effect of S. crinitua an Lentil Yield 

Experiments on Sitona h g e  and control were conducted at Tel Ha-, 

Jinderess and three on-£am locations, Efes, Alkamiye and Afrin. Based on 

the results of previous years only one dosage of m t  (12 d/kg seed) 

was compared with the check. N 15 technique was used to quantify nitrogen 

fixation at Tel Hadya, Jinderess and Alkamiye. At all locations Promet 

treatment increased lentil seed and biolcgical yield (Fig. 3.4 .1 ) .  Except 

for Efes (high variation) and seed yield at Tel Hadya differences bere 

significant 

Tel-Hadya Check 

D ~ h r c k  

~ r o r n o g  m p r n m r t  
J!nderesr 

Check 

Promet 
Alkamiye Cheek I 

Seed yield (tonlhal Total yield (tonlha) 

Figure 3.4.1. Effect of application of P r m t  on lentil seed and 
biolcyical y-e;d ac 5 locations, Syria, 1991/92. 
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Plant samples e r e  taken once in early May and a t  harvest and 

malysed for nitrogen content. No s iq i f ican t  differences due t o  

treatments were found, although the nodule damage ranged from 92 % at 

Alkamiye t o  63% a t  Tel Haciya and w a s  significantly reduced a t  a l l  

locations by Pmret t r e a t m t  (Table 3.4.1) and nitrogen deficiency 

symptoms were visible i n  check plots a t  several locations. The nitrogen 

yields, however, were significantly higher with Prcmet treatment a t  

Jinderess, Mrin and Alkamiye, apparently due t o  yield increases rather 

than differences i n  nitrogen content. Soil samples from a l l  treatments 

and locatiom were taken and analysed for q+, NC+- and to ta l  nitrogen 

content, ht no significant differences between treatments were found. To 

further follav the effect of Sitona feeding on the nitrogen cycle soi l  

cores were taken from a l l  plots, which w i l l  be planted with barley i n  the 

piastichouse t o  observe any growth differences due t o  Sitona control. 

Ovipsition of S, crinitus was monitored by counting the eggs 

extracted from 100 ccm soi l  samples taken a t  2-week intervals. This season 

ovipsi t ion and activity in general was delayed due t o  the cold and 

s n q  winter. Whereas ovipsit ion usually started in the beginning of 

January, the f i r s t  eggs were c?ly fad in early March t h i s  year (Fig. 

3 . 4 . 2 )  . Likewise the peak was reacned about 6 weeks later-late March/ 

early AprLl instead of mid Febmary. Promet treatrent greatly reduced the 

nunber of a s  a t  a l l  locations, but was less effective a t  Afrin. 

The m e a n  nodule b g e  a t  3 saqpling dates over a 4 weeks period is 

presented i n  Figure 3.4.3.  A t  Alkamiye, Efes ancl Tel Hadya the nodule 



Table 3.4.1. Effect of ? r m t  (12 ml/kg seed, P 12) treatment on lentil 
plant nitrqen concentration, seed, total dry mtter and 
nitrogen yield and nodule dim39e by Sitona at 5 locations in 
Syria, 1991/92. 

kcation Treatment %N %N Lentil yield N y:e;d % nodule 
5/5 22/5 kgiha kg/ha damge 

Seed Total 5/5 

Tel Hadya Check 

S.E.M. 
LSD 5% 

Jinderess Check 

S.E.M. 
LSD 5% 

Afrin Check 

S.E.M. 
LSD 5% 

S.E.M. 
LSD 5% 

Ef es Check 

S.E.M. 
LSD 5% 



Alkamiye 

Jinderess 

- Check 
---- Promet 

Efes 

Figure 3.4.2. Mean number of Sitona crinitus eggs extracted from 100 ccm 
soil samples with and without hornet treatment at 5 
locations, Syria, 1991/92. 



Alkamiye Efes 

Jinderess Afri n 

Tel-Hadya 

---- Check 

---- Promet 

Figure 3.4.3. Effect of Prorret application on darrage to nodules in 
lentil at 5 locations, Syria, 1991/92. 
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k g e  was still low (20%) at the first sampling date in early April, 

whereas at Mrin and Jinderess already 60% h g e  was noted. Tkis was also 

observed last season and might be related to higher rainfall and thus 

higher soil misture at these 2 locations permitting faster developrent of 

Sitona eggs and larvae. Except for Mrin the highest nodule damge was 

recorded in early Kay, 2 and 6 weeks later than 1991 and 1990, 

respectively. Prorrat treatment significantly reduced nodule m g e  at all 

dates and locations, except for the last date at Afrin. 

These results confirm the effectiveness of karet treatment 

for Sitona control in lentil, and it will be included in on-fm 

verification trials at about 15 locations in Syria next season. 

S. W e i d  

3.4.2. E f f e c t  of Sitorla Control at V a r i o u s  Levels of M o i s t u r e  Supply 

Past studies have shown that the nodule h g e  in leati1 by Sitona varies 

with the seasonal rainfall as well as the efficacy of insecticide 

treatments. To quantify these relationships last year's expriment at 

Breda was repeated evaluating the effectiveness of Sitona control with 

Carbofwan and P r a m t  at various levels of moisture supply using the line 

source sprinkler system. The mistwe levels evaluated were 118, 91, 56 

and 0 mr supplemental irrigation m addition to 263 mn rainfall. N'~ 

technique was used to quantify nitrogen fixation. Plant samples were taken 

Ln early May and at harvest for nltrcqen malysis. 

As last season differences in seed and biological yield between 
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treatments at the same moisture level were not great (Table 3.4.2). The 

nodtule damage was comparatively lau, between 36 and 51 percent and was 

significantly reduced by both treatments at all misture levels. The 

plant nitrogen content s h d  small differences due to creatmts at both 

sampling dates. Only at the l m s t  misture level at the harvest sampling 

the nitwen content under Pranet treatment was significantly lower than 

the check and at the highest misture level the nitrcyen content of the 

check was lowest at both sampling dates. Carbofuran and P m ~ t  increased 

nitrogen yields at all misture levels, but the increase was significant 

only at the 2 lower levels. 

The results have sh-n that variation in misture supply at Breda 

through supplemental irrigation does not affect n d l e  darrage and 

therefore response to a control treatmults. 
S. Weigand and M.C. S a x e ~  

3.4.3. C o n t r o l  of Bnlchus e?xi 

Different insecticides were tested in f m r s  fields at 3 locations (Efes, 

Atareb and Teminij for their effectiveness to mntrcl Bruchus ervi, the 

iqmrtant pest of lentil infesting the deveioping seeds. ?tYo applications 

of Temiphone (1 ccm/l), Fascac ( 9 . 5  ccm/l) and Thiodan (1 ccm/l) at early 

podsettkg late April and 2 weeks later were used. At maturity four 

samples per plot were harvested of which seed saqles of 25 g were 

evaluated for infestation frcm August to November. Although infestation 

was relatively low this season, differences in infestation levels were 

found between locations and treatments. At Te&n the infestation was 



Table 3.4.2. Effect of 4 n-oisture supply levels, Cabfuran  (10 kg/ha 5% 
G, C 10) and Frmet (lmil/kg seed, P 12) treatment on len t i l  
plant N concentration, seed, total  dry matter and nitrcgen 
yield and n d d e  damage by Sitona a t  Breda, 1991/92. 

Moisture Treatment %N %N Lentil yield N yield % n&e 
level* 3/5 17/5 k g h  kg/ha m g e  

Seed Total 21/4 

S.E.M. 0.08 0.05 123.9 321.3 8.3 2.8 
La) 5% NS NS NS NS NS 9.7 

354mn Check 2.53 2.34 1512 4420 103.6 36.4 

S.E.M. 0.06 0.09 156.6 295.4 7.8 4.3 
LSD 5% NS NS NS NS NS 15.1 

319 mn Check 2.55 2.36 1299 3742 88.0 40.5 

S.E.M. 0.06 0.04 83.4 153.7 4.0 4.1 
La) 5% NS NS NS NS 13.9 14.4 

263 mn Check 2.49 2.33 894 2620 61.0 51.3 

S.E.M. 0.08 0.02 27.5 41.7 0.8 3.7 
LSD 5% NS 0.08 NS NS 2.8 12.9 

S E  between 2 moisture level means 138.1 312.9 4.9 
for the saw or  different levels 
of Sitona control 
Lm, (5%) 282.5 642.5 10.5 

* rroisture levels were 263 mn rainfall plus 118, 91, 56 and 0 mn 
irrigation. 
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highest (8.8% seeds infested) , f o l l d  by Atareb (5.3% seeds infested) , 

whereas infestation at Efes was very low (1.4% seeds infested) . Of tke 

insecticide treatments Temiphone and Fndomlfan effectively r&ced 

infestations at all locations, whereas Fastac had little effect, 

confirming previous results. Hmver, chemical control of Bruchw in 

lentil would only be econdcal in case of high infestations. It is mre 

important to use preventive measure of not planting infested seed.. 

Syrian Naticmal Prograrm S c i e n t i s t s  and S. Weigand 

3.5 .  L e n t i l  Crop Physiology 

3.5 .1 .  E f f e c t s  of P l a n t  Density an T o l e r a n c e  to F r o s t  

Plants gxnr~ing at high densities in general, seem to tolerate cold damage 

better than the thinly ppulated stands of lentil. An expsrimnt 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 

eqerimt was conducted in a RBD with seven plant densities (50, 100, 

150, 200, 250, 300 and 350 and f w r  replications. Increasing 

plant densities were achieved by increasing seed rate with in a row, at a 

constant row to row spacing of 25 cm. Swing was done on 14 N o v e m k r  1991 

and harvesting on 27 May 1992. No irrigation was applied. C r q  was sprayed 

once with a mixture of C ~ b x  + Pirmr and second time with Bravo + 

Pirenor/or Desis to protect against diseases =d 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. 

k l y  planted food and forage iegumes exprienced severe frost damage. 



planting of this trial be* in Navember the frost effect was mild 

(average rating 2.4 on a 1-9 scale) . Plants growing at sparse population 

of 50-100 plants/ni2 (Table 3.5.1) were relatively mre 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-' Frost Total Seed mrvest 
biolcgical yield index 

1-9* yield 
kg/ha kdha (%I  

Mean 
S h  5 
LSD ( P s  0.05) 
C.V. (%I 

Significance 

* 1 = no damage; 9 = killed. 

compared to the plants graving at 200-350 plants/rK2. .t damage was the 

least at the highest density of 350 plant~/rn-~. Haever, no significant 

difference in seed and total biological yield and harvest index was 

obsewed between 200 to 350 plants/rn-*. HI was the highest at the lowest 

plant density of 50 plants/m.2. Eqeriment will be repeated in 1992/93 but 

with an earlier planting date to increase the crop susceptibility to cold. 

M.C. Saxena and N.P. Saxera 



Annual forage 1- crops are recognized for their potential to p-ce 

extra feed from fallow lands. They are one of the mjor options being 

considered either to interrupt barley monoculture or to replace fallow in 

the fallow - barley rotaticns. These species are savn and harvested in a 

single year and can be used for grazing during winter, harvested for hay 

in spring or harvested for grain and straw at mturity. They differ frcm 

the food 1qw-e crops only in the end use - they are used to feed 

livestock, whereas food legumes for h m  consumption. 

In spite of the huge diversity of Nediterranean legme species, few 

have been used as feed crops, and these have received virtually little 

attention by breeders. ?l?erefore, the L~LIIE Pnycm pays particular 

attention to mual feed leg~vne species for feed production in dry areas 

where rainfalls are between 250 - 400 m. These areas are between the 

steppe and Figh ptential cereal growing regions in Wesr Asia and N o a h  

Africa. The low rainfall areas :lave veq fragile ago - ecosystem and are 

currently threatened by fc:ler degradation because of the increasingly 

annual cropp~ng of barley in response to ~ c r e a s ~ g  population pressure. 

The general objecxve of ox crop improvemat program is to develop and 

dissemnate a range 3f improved feed legume crops adapted to various a p  

- ecological zoces in the region. 

In feed legme imprcvement, we deal with t w  mjor genera i .e. 

(vetches) and Lath- (chcklinqs) . Within each genus we deal with 

several species to assess a wide range of feed i- crops for different 
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utilization and niches. Of vetches, w are selecting a d  hybridizing 

genotypes of Vicia sativa L. (cornran vetch) , Vicia v u  ssp. dasvcama 

Ten (mly-pod vetch), Vicia ervilia L. (bitter vetch), V m  palaestina 

R. , panonica GR. (Hungarian vetch) and of chicklings, Lathvrus 

sativus L. (comrrxl chickling or grasspea), Lathrm cicera L. (dwarf 

chickling) and LathVrus cchrus L. (CG) (cchrus vetch). There are tvm 

species i .e. Vicia sativa ssp. amhicarca Dorth (underground vetch) and 

~athyms ciliolqtus (undergrcrund chicklbg) characterized by prcducing 

both underground and above ground pods. 

A.M. A M  El Moneim 

4.1. Forage LegLmre B r q  

We have t m  approaches of developing feed legme crops (1) selection fran 

the wild types to develop cultivated types and (2) genetic iq~mvemnt by 

hybridization. The t m  approaches are illustrated in Figure 4.1.1. 

Breeding for imprwved yield is king supplerented by improv~ the 

quality of the feed, therefore, palatability, nutritive value of the 

herbage, hay, grain and straw and freedom fran 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 gemplasm, (2) developing and 

supplying breeding populations with sufficient diversity to be used in 

different enviro~nents and ( 3 )  c o o a t -  international trials to 

facilitate multilccation testing and identification of widely adapted 

cultivars. 
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Figure 4 .l. 1. G e m p l a s m  enhancemt of spp. and Iathvrus spp. at 
ICARDA. 
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In 1991/92 germplasm of comnsn vetch and hgarian vetch was 

evaluated. Pnxnisinggenotypes (selectims) of Vicia sativa, Vervilia, V. 

hvbrida. y. palaestina, y. mrbmensis, Lathms sativus and L. cicera 

were tested in microplot field trials at Tel Hadya. Premising lines of y. 

villosa ssp. dawcax~ and m-shattering y. sativa were tested in 

achmnced yield trials at Tel H a w ,  and prcmising lines of y. narkonensis, 

L. satins, L_. cicera & L. o c h s  were tested at Tel Hadya (seasonal - -  

total rainfall 332.3mn) and Breda (seasonal total rainfdll 263.2mn) . After 
screening cannmn chickling for low neurotoxin (E3XA) content, a crossing 

program was initiated for impwiq nutritianal quality of Lathvrus 

sativus by breeding. A study to investigate the potential of subterranean 

vetch (V. sativa ssp. amohicama) under actual grazing conditions and its 

effect on the subsequent barley crop and its self-regeneration after 

barley was continued. Crosses of V. sativa ssp. sativa and y. sativa ssp. 

mhicarpa were mde and F1 and F2 plants were studied. The reactions of 

prcmising lines against major foliar and root diseases were mnitored. All 

the breeding vmrk was done under rainfed conditions without supplementary 

irrigation. 

A.M. AW El Mcoleim 

4.1.1. Gerrrplamhraluation 

To cwrrpare the tolerance level of various vetches and chickling species 

and to identify sources of tolerance to cold in each species t m  

ewpriments, one with different species of vetches and the other with 

different species of chicklings, were conducted. 'Dm susceptible-cum- 

indicator checks, IFVI 534, and IFVI 708 belonging to Vicia sativa were 

included for screening of vetches and IFZA 199 and IFLA 432 belonging to 
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Lathvrus sativus for screening of chickli7.3;~. 

These test entries along with the checks were grown in randanized 

block design with two replications at Tel Ham. The plantings were done 

on 1 Oct in 1991 and one irrigation (40 mn) was applied to ensure good 

germination. The susceptible check was included after every 10 test 

lines. The crop wrienced freezing temperatures for 53 days and the 

m i n i m  temperature was -8. 8OC 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 y.  ervilia, _V. 

hvbrida, y. narbonensis, y. villosa, _V. peresrina, _V. sativa and _V. 

villosa, respectively, were evaluated. Almost all the accessions of y. 

peresrina, V. villosa, and _V. hvbrida were tolerant to cold whereas other 

species, V. ervilia, V. narbnensis, and V. sativa, had toth tolerant and 

susceptible accessions (Figure 4 .1 .2 ) .  Following accessions had a rating 

up to 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, -3815, -3841. 



Figure 4.1.2. Cold tolerance reaction of different accessions of various 
Vicia species. Rating scale : 1 = free from damage; 9 = 
killed because of frow. 
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Vicia emilia: k c .  No. I M  -225, -228, -240, -263, -541, -654. -- 

Vicia nazbnensis: k c .  No. IFVI -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. Ch ick l i ngs  

A total of 21, 85, 70, 47, 7, 48, 17 and 203 accessiom of L. annuus, L. 

auhaca, L. cicera, L. hiemsolimitanus, L. mrmratus, L. mhrus, L. 

pseudccicera, and L. sativus were evaluated. bst of the accessions of L. 

annuus, L. achaca, L. cicera, L. hiemsolmitanus, L. mrmratus, 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. cchrus (IFLP, 109) frcm Portugal which was tolerant. 

There was no evidence for any association betwen cold tolerance and 

origin of accessions. 

R . S .  Malhotra, A.M. A M  El Weim and M.C. Saxena 

Another two eqxrinwts were conducted using 81 accessions of y. 

sativa and 64 accessions of Vicia panonica in nursery rows in a cubic 

lattice design with two replicates. The accessions were scored for 

seedlingvigour, winter and spring qrmh, cold effecz, leafiness, tire to 

flowering and mturity grain yield. Great range of variability for all 

characters was found m the two species (Table 4.1.1: . The mst irprtant 



Table 4.1.1. Range, mean, standard error and coefficient of variation (CV%) for 
eight characters of 81 accessions of c m n  vetch and 64 accessions 
of Hungarian vetch. 

Qmra~ter'~' C m n  vetch Hunqarian vetch 
Range Mean SEMk CV% Range Mean S m l ~  

Seedling vigour 
Cold susceptibility 
Winter growth 
Spring growth 
Leafiness 

Days to start 
f lowering 
Days to 100% 
flowering 
Days to full 
maturity 
Grain yield (kg/ha) 

Ca' on visual score where 1 = p r ;  9 = very good and for cold susceptibility 1 = 

no damage; and 9 = all plants killed by frost. 



Rating 

Figure 4.1.3. Cold tolerance reaction of different accessions of 
various Lathvrus species. Rating scale: 1 = free from 
damage, 9 = killed kcause of frost. 

findings were the identification of genotypes of Vicia sativa with a 

high proportion of leaf retention in late spring, an iqmrtant 

attribute in forage lecpws, and cold tolerant genotypes of Vicia 

sativa and 16 genotypes of panonica with rapid winter growth. 

A.M. Abd El W i m  



202 

4.1.2. Preliminary Microplot Evaluaticn 

The study of variation in agronomic traits is of significant practical 

value. It helps the breeder to establish a breeding program with 

defined objectives, and of itself may result in the selection of 

improved lines. Objective selection for herbage and seed yields and 

some aspects of nutritive value begins in microplot field trials in the 

year following germplasm evaluation. 

In 1991/92 microplots of five Vicia am. and t m  Idthvrus SPD. were 

planted in Tel Hadya in 3.5 r$ plots arranged in a triple lattice 

design. For all the species, seed rate was 100 kg/ha and fertilizers 

were applied at 40 kg P&/ha. These microplot expriments were in t m  

sets. One was harvested at 100% flowering to determine the herbage 

yield and the other was harvested at mturity to measure seed and straw 

yields and other agronanic traits. 

C c n m m  vetch (V. sativa) : Denty five selections vxere tested at Tel 

Hadya. Herbage yield (CM) at 100% flowering varied frcm 1350 to 2249 

kgjha, grain yield ranged from 2105 to 1602 kg/ha and harvest index 

frcm 30-39s (Table 4.1.2). Corma>n 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. Herkge yield varied from 2732 to 3034 Kg/ha, 

grain yield from 1683 to 2220 kg/ha and harvest index from 29 to 37% 

(Table 4.1.3). 



Table 4.1.2. Herbage, biological and grain yields, harvest index (HI%) 
and days to flowering and mturity for 25 selections of 
c m n  vetch (41. sativa) in preliminary field trials at 
Tel Hadya.  

Selection Herbage Biological Grain HI Days to 
IFLVS yield yield yield (%) flmring maturity 

(kg/&! (kg/&) (kg/ha) 

Mean 1930 



Table 4.1.3. Herbage, biological and grain yields, harvest index (HI%) 
and days t o  flowering and maturity for 1 6  selections of 
b i t t e r  vetch (V. enrilia) i n  prelimin;lly yield t r i a l s  a t  
Tel Hadya. 

Selection Herbage Biological Grain 131 Davs t o  
IFLVE yield yield yield (%) flowering maturity 

(kg/hii) (kg/ha) (kg/ha) 



Table 4.1.4. Herbage, biological and grain yields, harvest index (HI%) 
and days to  f l m r i n g  and mturi ty  for 16 selections of 
Vicia hvbrida in preliminary yield t r i a l s  a t  Tel H a d y a .  

Selection Herbage Biological Grain HI  Davs t o  
IFLVH yield yield yield (%)  £laverkg maturity 

(kg/ha) (kg/ha) (kg/ha) 

Mean 
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B r c a d - w  vetch ( V i c i a  hvbrida)  : 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%. 

hvbrida is characterized by a prostrate ccmpact grcwth habit and slow 

winter growth followed by rapid spring growth, and early flowering. 

This mkes the species suitable for grazing. The low grain yield and 

harvest index was paaly because of the large seed loss in hawesting 

due to the prostrate grahhh habit of this species. 

P a l a e s t i n e  vetch ( V i c i a  p a l a e s t i n a ) :  Sixteen selections were assessed 

in microplot field trials at Tel Hadya (Table 4.1.5) . Herbage yield 
varied from 1530 to 2529 Kg/&, 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 grrmth. 

N a r k a ~  vetch ( V i c i a  I1KbcaLensis) : W t y  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 from 

29 to 40%. Narkon 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, Pc0.05) 

with days to flowering. These results indicate a clear need to continue 

search for early-maturing genotypes of narbn vetch since it could be 

utilized as a dual purpose crop for grain and straw in dry areas. Our 

obsemtim shmd that at seedling stage it was the species mst 

resistant to bird damage m n g  the vetches. Our observations also 

indicate that most of the genotws flower and mature before the attack 

of b m a p e  (Orobanche crenata Forsk). 



Table 4.1.5. Herbage, biological and grain yields, harvest index (%) 
and days to  flowering and mturity for 16 selections of 

palaestina in preliminary yield t r ia l s  a t  Tel Hadya. 

Selection Herbage Biolqical Grain HI  Davs t o  
IFLVP Yield Yield Yield (%) Flowering Maturity 

(Kg/&) (Kg/ha) (Kg/ha! 

G r a n d  Mean 

SHY2 
LSD (P=0. 05) 



Table 4.1.6. Biological and grain yields, harvest index (HI%) and days 
to flowering and mturity for 25 new selections of y. 
narbonensis at Tel Hadya. 

Selection Biological Grain 
IFLVN yield yield 

2602 5511 1703 

Mean 5852 1976 

SEMt 505 232 
LSD (P=0.05) 1449 666 

cJ (%)  15 16 

Davs to 
flowering maturity 
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Qnmm chicklinq ( L a m  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 grain yields 

ranged from 1013 to 1828 kg/ha and harvest index from 29-41%. L. 

satiws was derately affected by frost. 

Table 4.1.7. Herbage, biological and grain yields, harvest index (HI%) 
and days to flowerkg and maturity for 16 selections of 
Lathnus sativus at Tel Hadya. 

Selection Herbage ~iolcgical Grain HI Davs to 
IFLLS yield yield yield (%)  flavering maturity 

Mean 

sm+ 
LSD (P=0.05) 
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DHarf chicklirn (Lathvrus cicera) : Nine selections were tested in 

microplot field trials at Tel Hadya (Table 4.1.8) . Herbage yield varied 

frcm 2235-2896 kg+, whereas grain yields ranged from 1185 to 1916 

kg/ha and harvest index frcm 32 to 46%. In mtrast to L. sativus, L. 

cicera is 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 
Lathvrus cicera at Tel Hadya. 

Selection Herbage Biological Grain HI Davs to 
IFLLS yield yield yield (%I flmring maturity 

Mean 

sm+ 
LSD (P=0.05) 
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Table 4.1.9. i s  a flurmary of the results of micraplots in 1991/92. 

A s  the forage legume species can be used for grazing during winter, 

harvested for hay in spring or harvested for grain and straw a t  

maturity one can see hay the various species w i l l  f i t  into farming 

" 

4. 
G R ~ \ I N  

STRAW 

Figure 4.1.4. &erallmean yield of different forage legume species a t  
Tel Hadya, 1991/92. 

systems. The high harvest index and yield levels of V_. nar'mnerais, y .  

ervil ia,  L. and L. sativus suggest t h a t  they can be csed for 

straw and grain. V. sativa mu ld  be recmr-ded fcr ray, straw and 

grain production, whereas V. h\iarida and 1. plaest ina and V. villosa 

ssp. dasvcarpa muld be suitable for grazing because of their  low 

harvest index and grair. yield ('iqure 4.1.4). 

A.M. Abd El k e i m  



Table 4.1.9. Variation in major attributes of seven feed legwne species evaluated in microplot 
field trials at Tel Hadya. 

Species Cold Winter DavS to Herbage Biological Grain HI 
susceptibility1 flowering maturity yield yield yield (%) 

(kg/&) (kg/ha) (kg/ha) 

Vicia sativa 4 - 8  5 - 8 107-116 145-154 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 
N 
F v. hvbrida 2 - 6  1 - 3 100-107 152-159 1693-2734 2466-4167 471-1067 16-23 N 

41. palaestina 4 - 8 2 - 6 108-115 149-157 1530-2529 2545-3914 147-678 5-21 

v. narlsonensis 2 - 4 6 - 8 93-103 131-143 4442-7561 1295-2827 2440 

Lathvrus sativus 4 - 8 4 - 7 113-121 159-171 1605-2906 3417-5104 1013-1828 2 9 4  

L. cicera - -  2 - 4  5 - 8 113-119 153-160 2235-2896 3670-4308 1185-1916 3246 

(a) On visual score, where 1 = no h g e ;  9 = all plants killed by frost 
(2) On visual score, where 1 = very slow gmwth; 9 = rapid g r m h  during January - Febrmry 
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4.1.3. Advanced Yield Trials 

Pranising lines of wcoly-pod vetch were tested at Tel Hadya, and 

pranising lines of c m n  chickling, dwarf chickling and cchrus 

chickling were evaluated at Tel Hadya and Breda. 

Advanced yield trials of wly-pal 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 frcm 263 to 442 kg/ha (Table 4.1.10) . Harvest index was very 

lau 18-13%). Generally, seed production is low in this species because 

of late f l m r i q  and high f l m r  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% flmring. Wcoly-pod vetch is a frost 

tolerant species and it is also resistant to brcmrape (Grobanche 

crenata Forsk) . Developing early flmring and early mturing varieties 

with flowering and podding occurring on ex>y fonred nodes ray result 

in increased seed yield. 

Advanced yield trials of nadm~ vetch: Promising lines of narbon vetch 

were assessed at Tel Hadya and Breda. Biolqical and grain yields and 

harvest index were warned at both sites (Table 4.1.11) . Yields were 

greater at Tel Hadya 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 

H d d p  (40 vs. 38%). 



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. dam-) i n  advanced 
yield t r i a l s  at Tel Hadya. 

Lines Herbage Biological G r a i n  m e s t  
IFLW yield yield yield index 

(kg/ha) (kg/ha) (kg/ha) ( % I  



Table 4 .l. 11. Biological and grain yields and harvest index (HI%) of 
25 promising lines of narb311 vetch (41 ~ r b n e n s i s l  
gram at Tel Ham (TH) and Breda (B) in adnmnced yield 
trials. 

Lines Tel Hadm 
IFLVN Biological Grain HI 

yield yield ( 2 )  

Mean 5358 2C52 38 

Breda 
Biolqical Grain HI 
yield yield (%) 
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Advanced yield trials in c- chickling: Sixteen promising lines 

were tested. Herbage yield varied £ran 1972 to 2587 %/ha and from 1380 

to 1810 kg/h 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 from 34 to 53% at Tel Hadya and Breda, respectively. 

Cammn chickling lines were moderately affected by frost at both sites. 

Advanced yield trials of dwaxf chickling: Sixteen promising lines were 

tested. At Tel Hadya the herbage yield varied from 1735 to 2033 kg/ha, 

and at Breda from 1474 to 1980 kg/ha (Table 4.1.13). At maturity, the 

grain yield varied from 1242 to 1784 kg/& and from 886 to 1248 kg/ha 

at Tel Hadya and Breda , respectively. At Breda, dwarf chickling 

pnduced mre seed and straw than c m n  chickling, because of better 

and drought tolerance and early flowering. 

I&anced yield trials of ochnzs chicklhg: Sixteen prdsing lines of 

ochrus chickling were tested at Tel Hadya and Breda (Table 4.1.14). The 

total biological yield varied from 1424 to 2279 kg/ha at Tel Hadya and, 

from 1898 to 3256 kg/ha at Breda. At maturity, the grain yield ranged 

frcm 504 to 925 kg/ha and from 558 to 882 kg/ha at Tel Hadya and Breda 

respectively. It produced more straw and grain at B r e d a  than at Tel 

Hadya. Ochrus chickling is resistant to Orobanche crenata, and is early 

flowering. It is an ideal 1- for Ombanche infested areas. The 

mjor corstraint is its sensitivity to frost spells during winter. 

Zeveloping frost tolerant varieties may result in increased 

product~vity. 



Tahle4.1.12. He&qs, b i o l c g i c a l a r d ~ y i e l d s a r d h a z v e s t ~  (HI%] 
of 16 pmnising lims of mmw chickling I L a t h m s  sativLu;) 
cgmm at Tel EAya a d  Breda in advanced yield trials. 

LiIY3 TelIkchm Brech 
ImsS m g e  Biological G m i n  HI H e r k q e  B i o l q d  G r a i n  HI 

yield yield yield (%) yield yield yield (%) 

(kgh) (kgh) (kgh) (kgh) (bh) (bh) 



Table4.1.13. He&qe, b io l~ca ladgra iny ie ldsarv j l?a rves t~  (HI%) 
of 16 punk* l W  of chicklixq (Lam cicera) 

at Tel Haw a d  Breda i n  achmnced yield trials. 

Lines Tel Hacha E x d 3  
IFUS I k c b a ~  Biological &ain HI Biological Grain HI 

yield yield yield (%) yield yield yield (%I 



Table 4.1.14. Biological and grain yields and harvest index of 1 6  
promising lines of ochrus chickling (Lathvrus ochrus) 
grown a t  Tel Hadya and Breda i n  a h c e d  yield trials. 

Lines Tel Ha& B r e d a  
IFLZ*) Biological Grain H I  Biological Gram H I  

yield yield i%) yield yield (%) 

Mean 1967 714 35 2568 772 3 0 
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Table 4.1.15 is a sumoary of advanced yield trials conducted at Tel 

Ham and Breda in 1991/92. Ochrus chickling is the mst susceptible 

species to frost damage, but hecause of its drought tolerance its grain 

Table 4.1.15. Average of mjor attributes of four feed legume species 
at Tel Hadya and Breda in advanced yield trials. 

Attributes Nartnn Camon mar£ Ochrus 
vetch chickling chickling chickling 

Tel Hadva 

Frost effect' 1.5 3.0 

Days to maturity 136 148 

Total biological 
yield (kg/ha) 5358 3744 

Grain yield 2052 1464 
(kgiha) 

Harvest Index(%) 38 39 

Frost effect 1.0 3.5 

Days to maturity 132 140 

Total biolcgical 
yield (kg/ha) 3225 2584 

Grain yield 1282 950 

I. On visual score where 1 = no h g e ;  5 = nearly killed by frost, and 
no recovery. 

yield is rove at Breda than at Tel H a w .  It is recamended for mild 

winter areas until new genotypes with frost tolerance are available. 
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Cromrf chickling and canmn chickling p d c e d  mre biolcgical and grain 

yields at both sites and they are reccmwnded for producing grain and 

straw in dry areas. Under Breda conditions, narkon vetch produced 1282 

kg/ha grain and 1943 kg/ha straw. These characters m e  it a suitable 

crop for producing wkter stocks of straw and grain to feed sheep. In 

dry areas, when soil misture 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. AM El Rmeim and Mark Ratinam 

4.1.4. hraluaticn for A n t b u t r i t i d  Substances 

Chicklings (Iathvrus m. and narbn  vetch (w narkonensis) have 
high yield ptential in areas with less than 350 nm rainfall. L. 

sativus is particularly adapted to droughty conditions. It represents 

the mjor component of human diets in t i ~ s  of drought induced famine 

in Asia and East Africa. One of the drawbacks of L. sativus, haever, 

is that its excessive consumption causes "Lathyrism", a nervous 

disorder resulting in incurable paralysis of lower lirbs. Lathyrism in 

humn beings and dcmestic a i m 1  is caused by the presence of a free 

amino-acid !am as B- (N) oxalyl-amim-L-alanine (BOPA) in the seed. 

In 1988/89, pmsing genotypes of L. sativus, L. cicera and L. 

ochrus were screened for BOFA content in seeds in collaboration with 

Grain Research Laboratory of Winnipeg, YZmitoba, Canada, using NIR 

method. Some genotypes were found to contain very low levels of BQPA 

(100-350 pg/g seeds) , in conparison with others that had very high 

concentration. The identifloation of lines nearly free frcm BaAA 

encouraged us to contlnue cur screening program in collaboration with 

PFLP, and to establish a breeding program for developing nutritionally 



222 

safe Lat- m. In 1991/92, 36 lines of L. sativus, 16 of L. cicera 

and 16 of L. _ochrs, were analysed for crude protein (CP), nemtoxin 

BQAA, and protein precipitable tannin (PPT) content, catechin 

equivalents (CE) and tzypsin inhibitor activity (TIA) . BQAA was 

determined ~ r o p h o t m t r i c a l l y  using the 0. phthaldehyde fluorescent 

dye (Rao, 1978) as mdified by Briggs &. (1983) . The PFT content 

was determined by the method of H a g e m  and Futler (1978). CT, was 

determined by Burns' (1971) method as  e f i e d  by Price and Butler 

(1977) . TIA was assayed using the prccecke of Smith &. (1980) . 

The species with highest and lowest 8 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 .  I. 17) . was least in L. cicera (1.26 2 0.18 g/kg 

seed) and highest i n  L. sativus (5.63 i 0.43 g/kg seed) . Variation in 

BOPA content i n  L. s a t iws  and L. cicera is higher than i n  L. cchrus. 

On the average, BOnn levels in L.  cchms (Table 4.1.18) and L. sativus 

(Table 4.1.16) were a b u t  4-5 times higher than those in L. cicera 

(Table 4.1.17) . The PFC levels i n  I?. sativus (4.54 2 0.31 g/kg seed) 

was similar to  that in the other tm species. H m ~ r ,  there were some 

lines i n  a l l  species without detectable PPT. Catechin equivalent ('23) 

which detects simple flavonoids as w e l l  as condensed tarmins was no 

m3re than 6.10 g/kg seed (Table 4.1.17) except for 21. ochrus (Table 

4.1.18) i n  which CE ranged from 14.07 g/kg i n  IFUC 104 to  28.50 g/kg 

seed i n  IFUC 545. There were high variations i n  C E  between and within 

species. Mean TIA i n  a l l  L. sativus lines (18.6 5 2.38 g/kg seed) was 

nearly similar t o  that of L. cckrus and twice the levels i n  L. cicera. 



Table 4.1.16. Crude protein and anti-nutritional constituents (g/kg 
seed) in for 36 lines of L. sativus 

Line CF' PPT C% TIA BQAA 
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 
431 303.18 nd 2.21 19.16 4.49 

Mean 324.99 4.54 2.85 15.17 4.85 

1 = not detected 



Table 4.1.17. Ckude protein and anti-nutritional constituents ( g h g  
seed) of L. a seeds 

Line 8 PPT 
IFLLC 

CE TIA POAA 

nd' 
4.29 
nd 

Mean 

1 = not detected 



Table 4.1.18. Crude protein and anri-nutritional consrltuents (g/kg 
seed) of L. seeds 

Line CP PF'T CF TIA BOPA 
I r n  

Mean 

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=O .05! with TIA, in L. sativus, and also in Lathyrus 

cchrus (r = -0.52 and -0.54, respectively, P=0.05). The 6 correlated 

significantly (P=0.01) with TIA in both L. satiws and L. cicera, with 

respective r values of 0.70 and -0.75. 

A.M. Abd El Mcneim and V. A l i t o r  

4.1.5. Genetic Impravarunt 

4.1.5.1. Breeding ccnmm vetch for non-shattering pod (seed retention) 

character 

F'dshattering is a m o n  in V. sativa it restricts the use of this 

1- for producing feed. W scree nix^ program for non-shattering 

characteristic indicated the existence of wide variation for this trait 

amng c m n  vetch gemplasm collected frm different places. Three 

wild accessions with almst completely non-shattering 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- 

shatzering gene i~to agronomically promising lines was achieved by 

backcrossing. Selection was done in backcross 1 (BC1) to BC5 for non- 

shattering p.d.3, erect plant type and early flowering. Five superior 

families: ITnVS (W! 2565, 2558, 2557, 2014 and 1448) were selected 

having 55.97% non-s'hattering pods as opposed to 40-45% in the original. 

cultivated lines. The practical brnefits of developirg non-shattering 

lines incPde increased grain yield, reduced problem of volunteers in 

the subseqaent cereal crops, irrproved opportunity for mechanical 

harvesting and increased flexibility in the time of harvest. 
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4.1.5.2. Studies m the hybrids between y. ssp. and y. 

sativa ssp. a m h i m  

Results of the last three years indicatedthat the abil~ty of V. sativa 

ssp. amhicama to produce bth 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 law rate of vqetative growth, 

shattering of the above ground pods and the dependence of amphicarpy on 

edaphic conditions. In contrast, the m n  vetch V. sativa ssp. sativa 

grows well under favourable conditions but is not cold or drought 

tol.erant and there are sme promising lines with non-shattering pods. 

To increase the productivity of unaeryround vetch and :o inprove 

the drought and cold tolerance of c m n  vezch, work was initiated in 

1989/90 to combine the desirable characters from the two subspecies. 

Crosses were mde between V. sativa sw. awhicaroa selections 2416 and 

2660 originating from Turkey and tic non-shattering selections of y. 

satlva ssp. sativa (IFLVS 2558 and 1448). markers such as colour 

of pod, seed, flower and straw were used to elimirate selfed ~lants. 

The high vigour has clearly observed in the F1 pldqts grown in 1993/91. 

The F1 planLs had a range frm,1 to 6 underground @/plant. A total 

of 670 F2 plants were grown ir. i991/92. They seqrqated to five 

classes, 42 plants carrying 1-3 pods/planc, 159 plants wit:? 4-6 

pods/plant, 251 placts with 5-9 &s/p;ant, 182 ~lants with 10-12 

pods/plant and 36 plants with 12-14 pods/plant. The p;a?ts :n the ffrst 

t m  classes were mre vigorous, like y. sativa, and had cold and 

drought tolerance like _V. awhicanza. m.2 plants :n ::?e other three 

classes, having more underground pods, were not as vigorous as Vicia 

sativa ssp. sativa bdt were better than the or~gl-1 amphicqus 
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types. F3 lines frm F2 single plants from each class were selected for 

further tests in 1992/93. 

4 -1.5.3. Impruvhg nutritianal quality of Lathmu sativus by bree5h-g 

we are aiming to develop promising lines of L. sativus with low or zero 

BOAA content and high yield. So far, little mrk has been done to 

determine the genetic architecture of the neurotoxin BOAA. Having 

identified lav BOAA omtent (13 to 316 pg/g seeds) lines in a breeding 

program to study the genetics of inheritance this toxin in L. sativus. 

The hybridization mrk was initiated in 1990/91 for incorporating 

the character of low neurotoxin from four lines (testers) into 21 

lines. Crosses were made between each tester and the 21 lines d i n g  34 

crosses. Gene markers such as flower colour, seed colour and stem 

colour were used to eliminate pods which might have developed frcm 

selfing and to identify F1 hybrids. Naturally self-pollinated pods from 

parents and F1 hybrids were har~ested in sunaner of 1992. In 1992/93, 

parents, F1 and F2 will be grown to study the genetic behaviour of the 

BOPA content and the associated mrpholcgical characters. 

A.M. AW El Mcmeim andM. Ratinam 

4.2. Crop Physiology 

4.2.1. Chlorophyll Fluorescence Kinetics as Indicator of Frost 

Tolerance 

Cold tolerance is a major requirement for introducing feed leguw 

species in medium to high altitude regions in West Asia and North 

Africa. The techniq~e of estimating cold or chilling tolerance using 

the chlorophyll fluorescence kinetics in chilled leaves wuld have 
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applications in both physiological studies and in breeding prcgrams for 

the selection of frost and cold tolerant cultivars. This method has 

advantage over the traditionally employed methods 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 preliminary study, seedlings of eight selections of Lathvrus 

ochrus and one selection each of Vicia satin and y. ervillia were 

establisherit b3th under field conditions and under controlled 

conditions in the plastic house (22OC day/l5O night temperature and 70% 

relative humidity). LJnder field conditions the plants got gradually 

eqnsed to cold and during the period 9 Feb to 11 Feb 1992 they were 

subjected to natural frost ( w i n i m  temperature from -6.2 to -4 .O°C! 

for three days. This permitted hardening of the test seedlings w i n g  

in the open. Those plants kept in plastic house did not get this 

natural hardening. Seedlings at 4-5 leaf stage from each group were 

subjected to a freezing temperature of 1 0 ° C  for four hours in a growth 

charrj3er in the dark to give frost stress. Thus three treatment 

ccmbinations were obtained: T, = not hardened, and not stressed; T2 = 

not hardened but stressed; T3 = hardened and stressed. Plants from all 

these three treatments were then kept for hald an hout under dark at 

O°C and thereafter the rates of fluorescence emission were measured on 

the fully developed excised leaf frcm each plant ushg SF31 Fluorimeter 

(Richard Brancher Ltd. , Ottawa, "-3a) . 

The initial ( 0 )  , the intermediary (I!, the peak (P! and the 

terminal (T) , values of fluorescence emission were recorded in each 

case, as shown for two contra~tir~g forage legumes - L a t h w  c o b  

(frost susceptible) and Vicia ervilla (frost tolerant) - -n Figure 
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4.2.1. Their relationship with the observed replicated field scores 

for frost damge 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 tm 
coldest seasons (1989/90 & 1991/92) for the various 
genotypes used in the chlorapkryll fluorescence 
expriment . 

Scores for damage observed during 1989/90 
- &  & 1991/92 winters 
Accession/Sel No. ~rost(~) FYost 

1989/90 1991/92 

V. sativa 
2541/2560 

# A 1-5 scale was used, 1 = tolerant and 5 = susceptible and the values 
represent an average of 3 replicates (a) Scored after expsure to 
temperatures below O°C. 



Table 4.2.2. Correlation of various parameters with scores for frost 
h g e s  during the winter of 1989/90 and 1991/92. 

Treatment Paraters Correlation with score for 
frost damge frost damage 
1989/90 1991/92 

- 

Not hardened, not stressed 0 
P 

Not hardened, but stressed 0 
P - 

Hardened and stressed 0 
P 
T 

Siqnif icantly high and positive correlations were observed between 

various parameters of chlorophyll fluorescence and frost damage noticed 

during the 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 parmeters measured on not 

hardened but stressed plants with frost h g e  score. Multiple 

regression analysis using data for unhardened unstressed plants shed  

that 87 and 96% variation in the frost darrage score for 1989/90 and 

1991/92, respectively could be accounted for hythese four parmters. 



Relative fluorescence PFD - 6 0  ( ~ r n o ~ l r n  7 s )  
-- -- 8000 

L. O C ~ ~ J S  k c .  No. 103,543 0 P T I 

T I  Not  hardened 8 not stressed 3984 6687 4803 6473 
6 9 0 0  i 

T2 Not hardened but stressed 3054 3657 3662 3352 

T3 Hardened and stressed 2854 3466 3462 3092 

2 5 0 0  ! _I 
0 3 6 9 12 15 18 21 24 27  3 0  

Time (sec) 

Relative fluorescence PFD - 6 0  (urnol/rn I s )  
8 0 0 0  -- 

7 4 5 0  - V. ervilia Acc. No. 2542t2563 0 P T I 

T I  Not hardened 8 not stressed 3021 4896 3746 4537 
6 9 0 0  - 

T2 Not hardened but stressed 3466 4180 4043 4040 
6 3 5 0  - 

T3 Hardened and stressed 3415 5419 3982 5274 

5 8 0 0  - T3 

5 2 5 0  - 

Figure  4.2.1. Relative fluorescence tine curve for excised leaves of 
(a: Lathvrus ochrus (Acc . No. 103/543 ) and Vicia ervilia 
(Acc. No. 2542/2563) as affected by hardening and frost 
stress combinations. For O,P,T,  and I, see text. 
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This preliminary study indicates that in selecting for frost 

tolerant genotyps one should look for l m r  values for all the 

fluorescence emission paraters measxed on unhadened and unstressed 

plants. However, there 1s a need for verification of these results, 

using larger number of genotypzs with a range of frost susceptibility 

in each species. 

Mark Ratinan, A.M. E=d El Mcneim and M.C. Saxena 

4.2.2. &u&h, Develqment, Yield and Water-Use Efficiency of Fccd and 

Feed Legumes 

A prelimiraq experiment on corparison of relative differences in seed 

yield i % ) ,  total biolqical yield (W),  and water-use efficiency 

(WUE) of four feed and four food legumes crops, mnducted at ICARDA 

center, Tel Hadya, during the 1990/91 season was reported in 1991 

(Lqum Program, Annual Report 1991, pages 206-215). Eqxriment was 

modified by including two mre genotypes under each crop (total 4) and 

also irrigtlon treatments, to create different intensities of drought 

and cqute drought tolerance indices for conparlson of genotyps 

within each crop. The trials were conduczed in 199:/92 season at three 

sites: Breda, Tel Fadp and Jinderis, which affered three contrasting 

environments. The objectives were: 

1. to qcantify yield losses d ~ e  to drought, 

2. evaluate relaclve differences :n drought resistance and water-use 

efficiency (WUE: , and 

3. test. a siple w t h d  of field screening zo screen large number of 

gerlotms. 
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S a w  important site characteristics of these three locations are 

given in Table 4.2.3. The 1991/92 was a cold crop year, compared to the 

other years since 1979 on t k  criteria of number of frost days. The 

absolute minim temperatures at all the three sites were similar, but 

frost occurred mre frequently at Breda. 

Varying intensities of drought were created by partial alleviation 

of drought of the rainfed enviro-ts. Line-sme sprinkler 

irrigation method was used to create a continuous drought gradient, 

ranging between nonstress (close to the line-source, with total 

misture supply of 393 nm at Breda and 561 mn at Tel Hxiya) and stress 

(rainfed with a rainfall of 263 nm at Breda and 352 m at Tel Ha-, 

farthest away from the line-source) conditions. This experiment was 

carried out at Tel Hadya and Breda. In another vriment three 

intensities of drought were created at Tel Hadya by regulating the 

irrigation frequency, applied by moving an overhead bcom of sprinklers 

over the treatment plots. The total moisture supply in the treatments 

was 552, 466, and 352 mn. At Jinderis, crops and genotypes were 

ccmpared only under rainfed condition. 

In the line-source method, slopes of the regression estimates of 

SY and 'BY on the total seasonal misture supply (rainfall + 

irrigation) were used as the criteria for drought resistance. In the 

other trial with irrigation treatments standardized residuals were 

computed from a multiple regression analysis by regressing stress yield 

(dependent variable) on days to flower and nonstress yield as 

(indement variables). The sign of the residuals, +ve indicating 

tolerance and -ve indicating susceptibility, was used as criteria. For 
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the purpose of identifyinggenotypic difference, a standard residual of 

1.3 or greater was used, which mdicated that the observed differences 

indicated true effects at 80% probability, rather than wre randcm 

effects. 

Crop duration was longer at Breda ccmpared to the other t w  sites, 

in spite of a less precipitation (Table 4.2.31, pmbably because of a 

little early plantlng but mstly clue to mre m m k r  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 chic-a. 

Relative crop perfomce, in general, was slmilar at B r e d a  and 

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 relatively greater for the feed thaE the food 

l q x ~ s .  It, k v e r ,  did not wan l m  SY of zhese crops rainfed 

conditions, as can be seer, in the y~eld of Vn at Breda (Table 4.2.5). 

Lentil and Vn pmduced 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 cmpired the feed 1-. 

Lentil, Vicia villosa ssp dasvcama (Wd! and Lathrds sativus (Ls! 

were the crops wizh the lowest HI. 



Table 4.2.3. Some selected location, soil and weather characteristics of 
exprimental sites. 

Characteristic Breda Tel Hadya Jinderess 

Lccation 
Latitude (N) 
hngitude (E) 
Altitude (m) 

Soil - 
Soil type* Chramxerertic 

calcic 
rhodoxeralf 
60-63 
31-33 
4-8 

Clay ( 2 )  
Silt ( 2 )  
Sand (%) 

Kjeldahl N ( p p )  
manic mtter (%I 
cacq ( 9 )  
Active lime (%) 

Weather 
Rainfall (mu) 
Long term (1979-1992) 
average rainfall (nun) 

Number of frost days 

Temperature (abs .min. ) 

Nutrients amlied 
P (kg/ha) as triple 
super phosphate 

* Based on USDA soil taxonmy, 1975 



Table 4.2.4. Crop and cult ivar  differences in days frcm sowing to flowering 
and from saving t o  mtu r i ty .  

Flowerins mturitv 
Breda Te1 Jinderess Breda Tel Jinderess 

H a m  mIa4.a 

5 Lerls Vl ILL 44C0 136 113 75 167 158 103 
6 V2 ILL 44Cl 137 116 77 164 156 107 
7 V3 ILL 2069 136 113 75 165 157 104 
8 V4 ILL 5604 139 115 76 167 158 104 

9 FB Vl I= 1814 124 105 75 172 164 116 
10 V2 ILB 1811 123 107 77 170 164 117 
11 V3 ILB 127C 127 106 75 171 163 118 
12 V4 ILB 1266 124 108 76 171 165 115 

13 Peas Vl ACC#21 150 124 83 176 161 105 
14 V2 ACGY30 141 119 77 170 159 100 
15 V3 A m 3  138 116 75 155 161 101 
16 V4 A ~ w 1 1  139 114 76 168 159 102 

SEm !+) 0.5 0.35 1.6 0.5 0.5 1.1 
LSD (P,O.G5) 1.5 1.0 4.5 1.i 1.4 3 . 2  

.. - 
* Cp = Chickpea, IEns = Lentil ,  ffi = ?aha bean, VS = Vicla sativa, LS = 

Lathyrus s a t i ~ r ~ s ,  IN = ~ii=iar~ensis, WE = Vicia villosa ssp. 
dasycaIp 



Table 4.2.5. Relative loss in seed yield (SY) &e to drought in feed and 
food legumes (each crop is a mean of 4 genotype), Tel Ham, 
1991/92. 

Ckops Non stress 
Rainfed SY (kq/ha) SY (kq/ha) Yield loss (%) 
Breda Tel Jinderess Breda Tel Breda Tel -~~~ - - -  

Ha* Ham H a m  

FoOa 
Chickpea (8) 778 1628 1256 1665 2292 52 25 
Mtil (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 L q m ~ s  
Vicia sativa (Vs) -- 643 1353 628 1921 2823 66 50 

narbnensis (Vn) 1098 2497 1084 2642 4045 58 36 
ssp 489 1243 724 1756 1940 71 32 

dasvcam3 (Vvd) 
Lathvrus satiw (Lsi 724 1474 1208 1743 1496 58 -64* 

S.E. (2) 52.6 158.9 133.8 52.6 158.9 2.8 20.0 
L.S.D. (P4.05) 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 (my) due to drought in 
feed and fccd legumes (each crop is a mean of four 
genotypes), Tel Hadya, 1991/92. 

b p s  Non stress 
Rainfed SY (ka/ha) SY (kq/ha) Yield loss ( % )  

Breda Tel Jinderess Breda Tel Breda Tel 

Legumes 
Chickpea (CP) 1868 
Lentil (Len) 2361 
Peas (Peas) 1344 
Faba bean (FB) 1438 

Feed Legumes 
Vicia sativa (Vs) 1761 

narkonensis (Vn) 2686 
Vicia villosa ssp 1760 -- 
dasvcama (Vvd) 
Lathvrus satins (Ls) 2112 

S.E. (2) 112.1 354.4 275.9 112.1 354.4 
L.S.D. (P4.05) 314.8 1025.3 811.4 314.8 1025.3 



Table 4.2.7. Harvest indices ( % I  of feed and food legmes crops with 
and without irrigation (each crop is a rean of 4 
genotypes) . 

Rainf ed Non stress 
Breda Tel Ham Jinderess Breda Tel Hadya 

Fmd Legumes 
Chickpea (CP) 45 45 
Lentil (Len) 3 8 31 
Peas (Peas) 51 46 
Faba b=an (FBI 51 53 

Feed Legmnes 
Vicia sativa (Vs) 45 43 

narbonensis (Vn) 44 4 0 
Vicia villosa ssp 32 26 
dawarpa (Vvd) 36 
Lathvrus satiws (Ls) 35 18 

S.E. (2) 0.8 
L.S.D. (P~0.05) 2.3 

Large genotypic differences in rainf ed SY and TBY were observed in 

all the crops (Tables 4.2.8 and 4.2.9) . Judged on the criteria of 

st-dized residuals, crops Ls, Vn and W d  wre mre drought tolerant 

than others. Three genotypes of Ls appeared to be sensitive in SY to 

supraoptiml water applicatior., as was seen in tke negative slopes 

(Table 4.2.8). 

It seems possible to carbine a greater degree of drought tolerance 

with responsiveness to irrigatior., at least in one crop Vicia 

narbonensis, where a :ugh nonszress yield was assxiated wlth a higher 

slope (Table 4.2.8. V2, V3, V4) . Large ger>otypic differences ix &-ought 

resistance and susceptibility were apparect m all the three crops, Ls, 

Vn, and Vvd. In general, there was a gccd agreement in drought 



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 mn water 
applied, Tel Ha-, 1991/92 and rainfed SY and TBY (kg/ha) . 

Crop X Standarized residual Yield (ks/ha) TBY (kq/ha) 
cultivar SY TBY Slape+SE3n Rainfed Slope+SEmRainfed 

Peas V 1  
V2 
V3 
v4 

Cultivars within a crop S3n + ( 0 . 0 5 )  
(0.051 



Table 4.2.9. Regression estimates of slopes for seed (SY) and total 
biolqicai ('EX) yield o,r. mn water applied and rainfed 
SY a d  TBY (kgjhai . Breda 1991/92. 

13 Peas V1 9.23, 0.928 
14 V2 5.45, 0.784 
15 V3 6.30 2 0.533 
16 V4 5.36 0.660 

- -- - . . - 
Cultlvars wlthin a crop SEh 

=3 



tolerance computed by t m  different methods in t m  separate 

exprimts. A few cross overs occurred, which my be due to 

differences in the total anmnt of water applied between the two 

experiments. It seems the siple method of computing drought resistance 

using irrigated and nonirrigated treatments is effective and w d d  be 

useful in screening large m m k r  of genotypes for drought resistance, 

which m y  be difficult by using the line-source method. 

Table 4.2.10. Cumulative evaporanspiration (mn water), SY, my 
(kg/ha), HI ( % I  and water use efficiency (kg/mn water 
used) for SY and TBY in four f d and feed legme crops, 
WUE: Tel Hadya, 1991/92. 

Craps SY TBY HI m WUE 

V. narkonensis (#57) - 2763 7146 38.8 465 6.0 154 
Chickpea (ILC 4821 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 (#2541) 2831 6252 45.4 481 6.2 137 
Lathv sativus (#347) 1481 5110 29.8 481 3 . 1  107 

Peas (21) 2251 5348 42.8 477 4.9 114 
V.X. dawcarpa - (#683) 1544 5385 30.9 488 3.3 111 

S.E.m (2) 
LSD (P 5 0.05) 

C.V. (%) 30.3 16.3 10 .1  3 . 1  27.6 142 

Significance * * *** NS * ** 

* Significant at P = 0.05 
** Significant at P = 0.01 
NS = Not significant 



The total a m t  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) . narbnensis had the highest WUE both in SY and TBY 

during 1991, a year when soil misture conditions wre less favorable. 

Even this year, Vn had the highest WUE in Breda and was on par with 

lentil and faba bean WUE for SY at Tel Hadya. 

Table 4.2 -11. Cdative evapranspiration (mn water) , SY and 'BY 
(kg/ha), HI ( % )  and water use efficiency ( WUE: kg/mn 
water used) for SY and TBY in four food and feed legurn 
crops, Breda, 1991/92. 

Crops SY TBY HI GT WUE 

V. narbonensis (#67) - 1625 4115 38.7 309 5.3 134 
Chickpea (ILC 482) 1455 3028 47.8 315 4.6 96 

Faba bean (ILB 1811) 1118 2511 44.2 308 3.6 81 
Lentil (ILL 4401) 1198 3468 33.9 310 3.9 112 

V. sativa (#2541) - -  1299 3185 40.8 303 4.3 105 
Lathy sativus (#347) 1290 3177 39.4 313 4.2 102 

Peas (#21) 1324 2842 44.0 320 4.2 90 
V_.y. dasvc- (#683) 892 2903 30.0 307 2.8 93 

S.E. m (k) 68.7 268.4 2.11 0.29 0.26 08 
LSD (Ps 0.05) 229.8 897.6 7.06 9.7 0.88 29 

C.V. (%) 13.2 20.8 13.0 2.3 15.6 212 

Significance ** NS ** NS ** N S  

* Significant at P = 0.05 
** Significant at P = 0.01 
NS = Not significant 



In general, the results are in agreement with the findings in 1991. 

Studies on physiological basis of drought resistance in these feed and 

feed legume crops are planned for 1993. 

N.P . Saxena and M.C. Saxena 

4.2.3. Effect of dmuqi-it on BOAA content of seeds of chickling 

Seeds of chickling (Lathvlus sativus) cultivars from the drought trial, 

with three intensities of drought conducted at Tel Ha* (Section 

4.2.2), were analyzed for percent BaPA content. Results are presented 

in Table 4.2.12. Percent PfXA content was the highest in the rainfed 

Table 4.2.12. Effect of drought on contents in the seeds of 
h t h s  sativus. Tel Hadya, 1992. 

-. 
Treatment 

IFLLS Stress Moderate Non stress Wan 
(Act #) rainf ed stress (frequent 

irrigation) 

san 12) -- 0.037 0.021 
F test NS NS 
Mean 0.48 0.46 0.33 
LSD (0.05) 0.071 
SE (2) 0.18 

treatment and was the least in the treatment where drought was relieved 

by frequent irrigation. The four genotypes were similar in absolute 

%SQAA content as well as in their response to increasiq drought 

treatments, as seen in the lack of a significant genotype x treatment 

interaction. This highlights the iqrtance of environment on the 



neurotoxin content in the chickling mltivars. 

M.C. Saxena, N.P. Saxena and A.M. Abd El W m e h  

4.3. Rotation Effects of Un&qmmd Vetch (Y. ssp. d c a r p a )  

The 1991/92 season was the third year of the rotation triai on 

'underground vetch - barley' with different grazing treatmts inposed 

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 (Tsble 4.3.1) depending on the grazing treatwnt in 

Table 4.3.1. Effect of grazing managewnt of subterranean vetch on its 
dry herbage yield in the year of es~ablis~nt (1989/90) , 
yield of succeeding (1990/91) barley (as -ed to 
barley after barley), vetch seed bank at the stat and 
the end of barley phase, and dry herhge yield of self- 
regeneration vetch in 1991/92, Tel Haam.  

Yield/seed bank Sjbterranean vetch 
(kg/ha) Grazinq No Earley SEM+ 

February Yarch %ril grazlng 

Herkge yield* 1989/90 830 730 860 2020 - 57 
Earley seed 1990/91 1960 2035 1925 1909 1599 98 

-ley tozal shoot 1990j91 4347 4193 3947 3877 3113 215 
Starting seed bank 1990/91 50 130 160 240 27 

E h i  3f season seed bank 32 95 141 218 34 
1990/91 

Herhge yield* 1991192 3258 3879 3708 3900 - 320 

* At 50% flmerirq 

1989/90. These herbage yield results establish =he potentla1 of this 

forage legume as a pasture crop. One of the mjcr acbantages of this 
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legume is that it can tolerate a m3derate level of soil disturbance 

during the cereal phase because of its large seed size unlike annual 

medics (Medicam m.1 which are naturally found in undisturbed 

habitats and their deep burrial because of comentiondi soil tillage 

m y  prevent seedling emergence. 

A.M. AW El-Mcneim 

4.4. Forage k g n w  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 

promising lines of Vicia narbonensis, 16 of _V. ervilia, 16 of _V. 

palaestina, 16 of y. hvbrida, 16 of Lathyrus sativus, and 9 of L. 

cicera, were tested under artificial epiphytotic conditions for 

specific diseases. spp. were screened for resistance to pwdery  

mildew (Ervsiuhe aisi f. sp. viciae), d m e y  7ulldew (Perenowra 

viciae) , asccchyta leaf spot and stem blight (Ascochvta & f .sp. 

viciae) and botqcis blight (Botrytis cinerea). Lathyrus spp. were 

screaed for resistance to powdery mildew (Ervsiphe mutii f .sp. 

lathvri) , ascochyta blight (Asccchvta pisi f. sp. Lathvri) and botrytis 

blight {Botmis cinerea). A 5-pint scale was used: 1 = resistant; 5 

= hghly susceptible. 

Table 4.4.1. shows the reaction of five Vicia m ~ .  to major 

diseases. None of the tested lines of y. narbonensis, _V. satin and y. 

ervilia showed resistance to asccchyta blight. Hmver, mst of the 



lines showed nasderate resistance or  tolerance. Four lines of y. 

narkonensis showed resistance to  m e r y  mildew and botrytis blight. 

Results on Lathvrus a. in Table 4.4.2.  revealed that most of Lath- 

sativus lines were susceptibie t o  the p d e r y  mildew and botrytis 

blight. 

Table 4.4.1. Reaction of Vicia m. to  major diseases under a r t i f i c ia l  
conditions. Nunker of lines under each disease category. 

-5 Disease Diseases 
score* Asccchyta M e r y  Botrytis 

blight mildew blight 

V_. palaestina 1 A 0 C 
2 4 0 0 
3 11 0 11 
4 0 11 5 
5 0 5 3 

* 1 = Resistant; 5 = Highly susceptible 
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4.4.2. Neratcde Studies 

Hetercdera ciceri Volvas, Greco &. DiVito is ccmmnly found in forage 

legumes fields in Syria. In 1991/92, 25 lines of wnarbnensis, 25 

lines of V. sativa, 16 lines of V. emilia, 16 lines of x. palaestina, 
16 lines of y. hvbrida, 16 lines of Lathvrus sativus, 9 lines of L. 

cicera and 16 lines of L. sativw 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 were  sown in 

earthen pots with six replicates of each line and 3 plants per pot. At 

100% flowering the plants were uprooted, rcots were carefully washed 

and the density of nemtcdes measured on a 5-pint scale: 1 = no galls 

Table 4.4.2. Reaction of Lathvrus sativus and L. cicera promising 
lines to mjor diseases under artificial conditions. 
Number of lines under each disease categoty 

Crops Disease Diseases 
score* Ftscochvta PaYderv Botrvtis 

sativus 1 Lathvrus 0 0 0 
2 5 0 3 

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. 

[resistant). 2 = " ,~ght galling (moderately resistant), 3 = moderate 

galling (toierance) ; 4 = extensive galling (susceptible) and 5 = very 

mensive galling (highly susceptible) . Results in Table 4.4.3 revealed 



Table 4.4.3. Reaction of Vicia m. and Iathvrus sm. lines t o  cyst 
nematode. limber of lines under each category. 

Cmp / Species Nematode susceutibilitv Score* 
1 2 3 4 5 

V. narbnensis - 0 0 5 18 25 
V. sativa 9 1 6  0 0 05 
V. ervil ia 0 0 1 11 46 
y. palaestina 0 0 4 9 36 
V. hvbrida 3 13 0 0 0 
Tat- sativus 0 0 3 11 26 
L. cicera - -  0 0 0 5 4 

* 1 = Resistant; 5 = Highly susceptible. 

that several premising lines of V. sativa and V. M r i d a  were resistant 

o r  mxlerately resistant. In contract, most lines of V. narbnensis, V. 

ervil ia,  V. palaestina, Iathyrus sa t iws  and 4. cicera were wcept ib le  

or highly susceptible. Whasls will be given in future t o  screen more 

l ine for resistance t o  cyst nematode in Lathwas spp., 41. e lv i l l i a  and 

V. palaestina. - 

A.M. Abd El w i m  and M. B e l l a r  

4.5. Forage Leguw mtarolcgy 

4.5.1. Effec t  of Sitnna crinitus cmV- 

Sitom is often seen infesting several forage legumes. To determine i f  

Sitona infestatiors result in yield losses necessitating control 

methods, an eqxriment  was carried out a t  2 locations, Alkamiye and 

Jinderess using Frmet seed treatment i n  Vicia villosa ssp. dasvcarw. 

Ovipsition was monitored by counting the n*r of eggs extracted f ran 

100 ccm soi l  samples taken at  2 week intervals. Ovipsition started in 



Alkamiye Alkamiye 

h l r r  

Jinderess 

% Nduk damage 

'7 

Dalts 

Jinderess 

so- 

MI- 

*- 

- Check ---- Promet 

1 

Figure 4.5.1. Mean number of Sitona eggs extracted frcm lOOccm soil 
samples and man nodule damage in Vicia villosa ssp. 
d a s v c m  with and without knret application at 2 
locations, Syria, 1991/92. 
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la te  February, reached the peak in early April and was effectively 

r a c e d  by Prcmet treatment (Figure 4.5.1.) . The man nodule damage was 

about 75% a t  both locations and significantly reduced by Prcmet 

treatment, except for the 2nd samplig a t  Jinderess (Figure 4 . 5 . 1 ) .  At 

Alkamiye both seed and biolqical  yield =re significantly 

increased by F'rawt treatment, a t  Jinderess also both yields e r e  

higher with Prcwt, hut only seed yield significantly (Figure 4.5.21 . 
'I'nis first study shms that a does infest Vicia and control 

results i n  significant yield increases. Further studies are needed t o  

assess hcw much damage can be tolerated before insecticide treatment 

ke rns  econanical and to  analyse the presence of any insecticide 

Promel 

Jlnderess I Check 

I Seed !jeld { ton  h a ) '  Total ~ t o n ' h a ~  

Figure 4.5.2. Effect of application of Pmwt on dawc- seed 
and biolqical  yield a t  2 locations, Syria, 1991/92. 

residues i n  the forage as this might be harmful when fed to  animls.  

Hauever, Prcmet treatment for Sitona control might be an econcmical and 

safe option for seed production fields. 

s. weigand 



The dry pea research at ICaRDA was initiated in 1986/87. Rs extensive 

varietal improvement work is being done on dry pea at a number of 

institutions in the developing and develaped countries we capitalise on 

this research, instead of running our own breeding program, to identify 

dry pea cultivars adapted to the farming systems of W?QJA. Our wrk is 

concentrated in the following areas: 

I. Collecting enhanced gemplasm/cultivars fran the institutes wrking 

on dry pea in developed and developing countries and testing them at 

ICARDA sites to identify sqerior lines for evaluation by the 

national programs in M. 

11. Developing suitable pdction technology and its transfer to the 

national programs for testing and adaptation. 

5.1. Gernplasm Collectim and Evaluatim 

One hundred and sixteen accessions obtained fran various institutions 

alongwith 3 repeated checks (Acc No. 223, 229 and 225) were evaluated at 

Tel Haw in an augmmted block design. The data were recorded on various 

phenological and morphological characters. Time taken to flawer 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 k c  No. 470 to 72.8% for Acc 

No. 483. Seed yield varied from 0 to 32U kg/ha. Some of the high 

yielding entries alongwith their seed yield, time to flower, time to 

mature, and harvest index are given in Table 5.1.1. 



Table 5.1.1. Adjusted seed yield (YLD=kg/ha) and rank (R) , tirw to flower 
(DF'LR) , time to mture (DMAT) and harvest index (HI) of som2 

of highest yielding entries in pea gemplasm, at Tel Ha& 
during 1990/91. 

Acc No. YLD R D m  m3.T HI 

223 (Check 1) 
224 (Check 2) 
225 (Check 3) 

Location Mean 1175 
LSD at P=5% for checks 233.7 
LSD at P=5% for checks 739.2 
vs test entries 
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5 . 2 .  Evaluaticm for Cold Tolerance 

Four hundred and thirty eight accessions of pea were evaluated for cold 

tolerance. The material was sown in the autumn on Cct 1, 1991 with a 

post-sowing irrigation to ensure adequate moisture supply for germination. 

Visual cold tolerance ratings on a 1-9 scale, where 1 = free from damage, 

9 = killed, were assigned after the susceptible check was killed. k i n g  

the growing season, below zero temperatures were observed for 53 days and 

minimum temperature during the season was -8.8'C on 28 Jan 1992. The 

higher rating of the two replications was considered as the actual cold 

tolerance rating of the lines. The susceptible check got a rating of 9 

all through and 0, 0.7,  7.8,  3 .6 ,  3.9, 2 .1 ,  13.7, 23.7 and 44.5 percent of 

entries exhibited ratings of 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8  and 9, respectively. The 

cold tolerant lines (with a rating of 1 to 4) are given in Table 5.1.2.  

A perusal of this table revealed that 25 of the tolerant lines wre 

developed at Idaho in USA, and of the reroaining cold tolerant lines four 

were from Afghanistan, and one each from Greece, Italy, and Bulgaria. T w  

other lines which were tolerant were of udmown origin. There was no 

association of cold tolerance with geographic origin of the line. Further 

the lines with anthocynin pigmentation in leaf and stem were, in general 

mre cold tolerant. 

5.3. Ereliminary Yield Trial 

Sixty four superior entries selected from the germplasm as well as the 

Preliminary Yield Trial (PYT) of 1989/90 were tested using a 8x8 lattice 

design during the 1991/92 season at two locations, Tel Hadya and Terbol. 



Table 5.1.2. Cold-tolerant accessions (5 4 rating) of pea, Tel Hadya. 

k c .  No. Origin CTR* N m  

Greece 
Afghanistan 
Afghanistan 
Afghanistan 
nfghanistan 
Finland 

Bulgaria 
Italy 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

Lln!Ulm 
Lln!Ulm 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

M3 100 545 
M3 102426 
D 166-1-1 ( A m )  
D 166-1-3-1 (N) 
D 166-1-6 (AF) 
D 156-1-11-2 (AFST) 

E 200-1-16 (N) 
D 200-4-3 (ST) 
D 200-7-4 (TL) 
D 166-1-15-lW (N) 
D 166-1-13-1W (AFST) 
D 166-1-1-13W (TL) 

D 166-1-24-6W (AF) 
D 166-1-4-2W (m) 
D 175-2-3-1 (TL) 
D 175-2-3-1 (AFS?TL) 
D 175-2-3-2 (SITL) 
D 175-2-3-1 (A!iTL) AFAF 

Fenn 
Glacier 
PI 517 923 
PI 512065 (AFAF STST TLTL) 
PI 512065 (AFAF STST TLTL) 
PI 512066 (AFAF STST TLTL) 

PI 512067 (AFAF STST TLTL) 
PI 512069 (AFAF STST TLTL) 
PI 512074 (AFA!? STST TLTL) 
PI 512075 (AFAF STST TLTL) 
PI 512077 (AFAF STST TLTL) 
PI 512078 (AFAF STST TLTL) 

* CTR = Cold tolerance reaction on 1-9 scale (l=free, 9=killed) 



Table 5.1.3. Adjusted seed yield (YLD, kg/ha) and rank (R) and days to 
f l o w e r  of s m ~  entries in Preliminary Yield Tr i a l  a t  Tel 
Hadya, and T e r b l  during 1991/92. 

Acc. No. Tel Hadva T e r t o l  Mean 
Y I D R  YLD R YLD R flower 

Lxation mean 

LSD a t  P=5% 

C.V. % 



2 5 7  

Adjusted seed yield, rank and time taken to flower for some premising 

entries are presented in Table 5.1.3. Adjusted seed yield varied from 297 

kg to 1450 kg/ha at Tel Ha-, and 840 kg to 2971 @/ha at Terbol . Based 

on the average rank over the t w  locations the 15 top ranking lines 

includedkc No. 149, -152, -141, -160, -182, 77, -386, -8, -178, -164, - 

119, -446, -172, 296, and -240. The best entries from this trial were 

p m t e d  to Pea International Adaptation Trial (PIAT) for the 1992/93 

season. 

5.4. Pea Internatid Adaptation Trial 

W t y  three entries selected from PYT and PIAT conhcted during the 

previous season were tested in this trial at ?el Hadya, Jindiress and 

Terbl. Several test entries yielded significantly higher than the local 

check. The five highest yielding entries at Terbol included Syrian Lmal 

Alepp, Collegian, PS 210713, MG 101197, and Early Dm; those at Jindiress 

included Early Dun, Maitland, MG i01197, MG 102623, and Sanx i  PA 292; and 

those at Tel H a w  included Syrian Local Alepp, LS 1690, JI 238, MG 

102623, and Collegian. On the basis of wan seed yield over all 

locations, Syrian Local Alepp ranked first and was followed by LS 1690, 

Collegian, PS 210713. a d  kG 101197 ( ?able 5.1.4). The entry PS 510699 

was the earliest to flower and rmture and also exhibited highest harvest 

index. 

R.S. MdLhotra and M.C. Saxena 



Table 5.1.4. man seed yield (YLD, kg/ha) and rank (R) , days to flowering ( D m ) ,  days to maturity (CMAT), plant 
height (F'I'HT), and harvest index (HI) of entries at Terbol, ~inderess and Tel Hadya in PIAT-92. 

Lebanon Svria Mean over locations 
mtry Name Terbol Jinderess Tel Hadya YLD R DFLR LMAT FTHT HT 

YLD R YLD R YLD R 

Syrian Lccal Aleppo 3111 1 306 11 2157 1 1858 1 138 176 54 46 
LS 1690 2540 7 352 7 1981 2 1624 2 138 176 56 47 
misson 2429 10 185 22 1111 17 1242 15 128 170 31 Y) 

SV 51741 1746 19 204 18 926 21 959 21 133 169 27 48 
Ballet 1317 23 222 16 741 24 760 23 13 0 172 2 8 48 
JI 238 2619 6 269 13 1648 3 1512 6 134 177 50 47 
MG 101197 2857 4 454 3 1269 14 1526 5 138 179 55 43 
MG 102369 1571 21 194 21 1352 11 1039 20 130 175 49 48 
MG 102583 2143 14 324 10 1481 8 1316 11 132 150 31 56 
PG 102623 2476 9 407 4 1630 4 1504 7 135 177 51 47 
MG 102702 2508 8 389 6 1519 7 1472 8 139 177 46 43 
Maitland 2238 12 500 2 1472 9 1403 10 140 173 55 43 
Collegian 2984 2 259 15 1556 5 1600 3 131 172 51 9 
Derrirrmt 2238 13 176 23 1019 19 1144 16 129 174 40 44 
Wirrega 1841 18 343 8 1556 6 1246 14 135 175 45 49 
FZEly Dun 2619 5 528 1 1093 18 1413 9 138 173 51 42 
ILP 56 1651 20 287 12 1324 12 1087 18 129 170 45 52 
LE 25 2317 11 269 14 1222 15 1269 12 13 0 174 35 49 
PS 210713 2968 3 343 9 1278 13 1530 4 131 170 32 51 
PS 210688 1968 17 194 20 963 20 1042 19 127 171 44 SL 
PS 510203 1476 22 194 19 870 22 847 22 128 168 40 !il 

PS 510699 1968 16 213 17 1176 16 1119 17 125 169 42 9 
Shanxi PA 292 2032 15 389 5 1361 10 1261 13 137 174 44 45 
Lccal Ckck 968 24 148 24 759 23 

Location mean 2191 298 1311 
LSD at P=5% 1056.5 167.3 577.7 
C.V. % 29.3 34.2 26.8 



Orobanche crenata has long been !mown to parasitize m y  leguminous food 

and feed crops causing drmtic yield reductions in the Mediterranean 

environments. The main objective of our research on this parasite is the 

developnent of effective control methods. Research in the past was 

conducted on identifying the effect of indivihl control m e t e  so that 

these m y  be integrated to develop mre effective control mthcds. IXring 

the 1991/92 season the expriments on integrated control of Grobanche 

crenata in chickpa, lentil, narbm vetch and dry pea were repeated. 

6.1. Lentil 

The lentil variety ILL 8 can be sawn nearly 25 days later than ILL 4400 

without any yield reductiori on the absence of Orobanche infestation. 

Because of this adaptation to late sowing it is suitable for roanaging 

Orobanche by delayed sowing. To further inprove the parasite control 

herbicide treatments having low rate of 1x7.5 g a.i./ha and 2x7.5 g 

a. i . /ha of imzaquin (post-emrgence: and 60 g a. i . /ha of imzaquin (post- 

emergence) were tested in carbination with the lentil odtivar during 

1991/92. ILL 4400 was sown on 5 i%v. 1991 but ILL 8 could not be sown 

till 9 Jan 1992, because of wather conditions. Imzaquin was applied on 

17 Feb in ILL 4400 and 25 V a r  in ILL 8 plots in single-application 

treatments. 

In the double-application treat-ts, appl:ca:lon of imzaquin 

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 or. 31 May. 



The treatment effects on seed and total shoot yield of lentil and dry 

weight of emrged Orokmche shoots are shown in Tab12 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 stage, resulted in significant increase in 

seed yield of ILL 4400, whereas in ILL 8 the effect was nonsignificant. 

Imzethapyr applied preemeqence 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 imzaquin Q7.5 g a.i./ha at early 

tubercle stage of Orobanche development controlled orobanche effectively 

and resulted in significant increase in seed and total yield 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/&) of Orobanche (Om)  as affected by 
integrated control treatments, Tel Ha* 1991/92. 

Treatments SY TSY Om 

ILL 4400 
No herbicide 
Imzaquin @ 7.5 kg a.i./ha 
Imzaquin @ 2~7.5 kg a.i./ha 
Imzethapyr 

No herbicide 
Imzaquin Q 7.5 kg a.i./ha 
Imzacplin Q 2~7.5 kg a.i./ha 
Imzethapyr 

LSD at P=0.05 



6.2. Chickpea 

Chickpa 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 t w  herbicide treatment to 

develop an integrated control reccrmendation. The herbicide treatmts 

included pre-emergence application of imazethapyr @ 60 g a. i ./ha (given on 

7 Nav 1991) and application of 2x20 g a.i./ha glyphosate at tubercle 

attachrent stage (15 Apr and 5 k y  1992). Although the overall 

infestation of Grohnche c m t a  in this expriment was low, the 

infestation was lesser in ILC 3279 than ILC 482, confi- past results 

(Table 6.1.2). Herbicide application did not have any mjor effect on 

crop yield, perhaps because of low infestation of Orobanche. 

Table 6.1.2. Effect of preemrgence application of imzethapyr and post- 
emergence application of glyphosate on seed and total shoot 
yieid (kg/&! of chickpea and shoot dry wight kg/ha) of 
Orobanche Tel iIadya 1991/92. 

Treatment Chicha yield Orobanche 
Seed Total shoot dry weight 

ILC 482 
No herbicide 623 1445 3.0 
Glyphmate 
Imzethapyr 

ILC 3279 
No herbicide 
Glyphosate 
Imzethapyr 
LSD (P=0.05) 

ILC 482 (averaged over herbicide treatments] 
ILC 3279 (averaged over herbicide treatments) 

m (P=0.05) 

No herbicide (averaged over genotype treatments) 2.30 
Glyphosate (averaged over genotype treatments) 5.7 
Imzethapyr (averaged over genotype treatments) 0.3 

m (P=0.05) 4.5 



Three control methods were tested for integration: t m  sowing dates (6  and 

26 Nov 1991), two genotypes (Acc No. 578 and 67) and three herbicide 

treatrwnts (no herbicide, imzaquin at 20 of a. i. /ha early post-emergence, 

2 x 20 g a.i. imzaquin late post-emergence) . Single application of 

imzaquin was done on 17 Feb 1992 in both the genotyps. The tm- 

application treatments were givcq on 30 Mar and 20 &pr in Acc No. 578 and 

on 2 Apr and 27 Apr in Acc No. 67. The effects of treatments on seed and 

total shoot yield of narbon vetch and dry weight of Orobanche are shwn in 

Table 6.1.3. 

There was no mjor 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 

imzaquin once or two times reduced the parasite infestation 

significantly. Single application of imzaquin at early stage of parasite 

attachment caused significant increase in seed yield and total shoot yield 

of both the accessions of the mbon vetch at hth dates of sawing by 

controlling the parasite. Late application of the herbicide twice 

although gave excellent control of the parasite but also reducedthe crop 

yield by causing phytotoxicity. 

6.4. Dry Pea 

T m  eqxriments were conducted. One dealt with the chemical control of 

Orobanche and the other tested the integration genotypic variation in 

parasite susceptibility with herbicide application. 



Table 6.1.3. Effect of crop genotype, date of sowing and herbicide 
application on the seed yield, and tota l  shmt yield (kg/ha) 
of n a r b n  vetch and dry weight of Grubanche shoots (kg/ha), 
Tel Hadya 1991/92. 

Treatments Narbn vetch yield Orobanche 

Genotype Sawing Herbicide Seed Total shoot dry weight 
date 

Acc No. 578 
6 Nov None 1132 3111 69 

Imzaquin 1x20 2997 8051 0 
Imzaquin 2x20 365 1378 3 

26 Nov None 888 3327 0 
Imzaquin W O  3012 7900 1 
Imzaquin 2x20 423 1412 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Act No. 67 
6 Nov None 187 1363 73 

Imzaquin W O  1345 5346 0 
Imzaquin 2x20 118 772 28 
--------.-.----------------------------------- 

26 Nov None 291 1680 1 
Imzaquin 1x20 979 5147 11 
Imzaquin 2x20 232 953 0 

LSD (P=O.O5) 290.3 393.7 9.4 
------.-----------.------------------------------.--.------------.------ 

Acc No. 578 (averaged over a l l  other t r e a t m t s )  12 
Acc No. 67 (averaged over a l l  other t r e a t m t s )  19 

LSD (P=0.05) 19.1 
------.-------------------..-..---..----------------..------------------ 

Sawing date 6 Nov (averaged over a l l  other treatments) 29 
Sawing date 26 Nov (averaged over a l l  other t r e a t m t s )  2 

LSD (P=0.05) 24.0 
------------..-..------------------...---....---------------..---------- 

No herbicide (averaged over a l l  other treatments! 36 
Imzaquin 20 g a.l . /ha xl (averaged over a1 other treatments) 3 
Imzaquin 20 g a .  i .  /:la x2 (averaged over a l l  other treatments) 8 

LSD (P=0.05) 18.2 

In the chemical control t r i a l  effects of pre-ewqence (21 Nov 1991) 
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early pst-emeqence (27 Feb 1992) and late pst-emergence application (8 

and 27 Apr 1992) application of imazethapyr; early and late pst-emergence 

application of imazaquin and late pst-emergence application of glyphosate 

were studied on seed and shoot dry weight of dry pea. The results (Table 

6.1.4) showed that early post-emergence application of 30 g a.i. 

imazaquin, preemergence application of imzethapyr at 60 g a. i. /ha or 

early post-emergence application of this herbicide at 20 g a.i./ha 

resulted in significant increase in the yield of dry pea and significant 

reduction in the parasite infestation. Glyphosate applied late pst- 

emryence @ 2x60 g a.i./ha although reduced the parasite infestation but 

did not increase crop yield. Late pst-emergence applications of 

imzaquin or imzathapyr were not as effective in controlling the parasite 

as when applied early-post emergence. 

Table 6.1.4. Effect of various herbicide treatments on seed and total 
shoot yield (kg/ha) of dry pea and shoot dry weight of 
Orobanche Tel Hadya ,  1991/92. 

Treatment Drv cea yield Ombanche 
shoot 

Seed total shoot dry weight 

No. herbicide 
Imzaquin EP 1x30 g a.i./ha 
Imzaquin LP M O  g a. i. /ha 

Imzethapyr PRE 60 g a.i./ha 
Imzethapyr EP W O  g a.i./ha 
Imzethapyc W 2x20 g a.i./ha 

Glyphosate W 2x60 g a.i./ha 



In the integrated control trial t m  accessions of dry pea (Syria Lccal 

and ACC No. 2%) with earlier h w n  differences in parasite 

susceptibility, were evaluated with three herbicide treatmts: 1. no 

herbicide, 2. early post-emergence (17 Feb 1992) application of 20 g 

a. i. /ha of imzaquin, and 3. late post-emergence (8 and 27 Ppr 1992) of 

2x20 g a.i./ha of imzaquin. The effects on crop yield and parasite 

infestation are shown in Table 6.1.5. 

Table 6.1.5. Effect of dry pea genotype and herbicide application on the 
seed and shoot yield (kg/ha) of the crop and the shoot dry 
weight (kg/ha! of Orobanche, Tel Hadya 1991/92. 

Treatments Crop vield Orobanche 
shoot dry 

-tYW Herbicide Seed Total shoot weight 

Syrian m a 1  No herbicide 119 68C 4.0 
Imzaauir WO 4 a.1. /ha 224 1323 0.0 

Acc No. 290 No. herbicide 173 581 27.0 
Imazaquin W O  g a.i./ha 336 1149 0.2 
Imzaquin 2x20 g a.i./ha 273 1000 0.0 

LSD (P=0.05) 255.4 88L.7 33.25 

Whereas no clear susceptibility differences were notlced amongst the 

tim tested genotypes of dry pea, the imzaquin application at early pst- 

emergence resulted in significx-t increase in the total shoot yield of dry 

pea crop. The seeds yield Lncrease due to this treatment was not 

significant . 

K.-H. Linke and M.C. Saxena 



The international testing program on lentil, kabuli chickpea, lathyrus, 

vetches, faba bean and dry pea is a vehicle for the dissemination of 

genetic materials and improved production practices, in the form of 

internatioml nurseries and trials, to the national p- in and 

outside the M region. The genetic materials comprise early segregating 

populations in F3 and F4 generations, and elite lines with wide or specific 

adaptation, special mrpholqical or quality traits, and resistance to 

c m n  biotic and abiotic stresses. The trials on improved production 

practices deal with the manipulation of the Rkizobiun-legme symbiosis and 

weed control. Wseries are only sent on request and often include 

germplasm specifically developed for a particular region or a national 

program. 

The testing progam helps in identification of genotypes with specific 

and wlde adaptation. The performance data permit a.ssesmt of genotp 

x environment interaction and help in targeting breeding efforts for 

specific aqrcecolqical conditions. Through the agronomic trials, 

research is encouraged in the national prqralls on optimum agronomic 

practices for different agro-ecological conditions to fully realize the 

yield potential of their cultivars. 

With shift in emphasis of ICARDA activities as per the last EPR 

(Ekternal Progam Review) recmndation, the supply of a11 the yield 

trials and screening nurseries of Eaba bean to the national prcqrams from 

ICXZDA'S headquarter at Ale= were discontinued and t m  new international 
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trials, Lathyrus Adaptation Trial and Vetch Adaptation Trial, were started 

t w  years back. In 1992, we supplied 1057 sets of 34 different types of 

trials and nurseries (Table 7.1.1) to various cooperating scientists in 52 

countries for conduct during the 1992/1993 season. Several cooperators 

requestedlarge qmntlties of seed of elite lines, identified by them from 

the earlier international nurseries/trials for rmltilocationyieldtesting 

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. Faha Bean 

Only four nurseries were suppiied for 1990/91 season. Nine locations 

reprted the data on seed yield for Faba Bean International Screening 

Nursery - Determinate (WISN-Dl. At most of these locations scme 

determinate entries either exceeded or gave similar yield as the local 

check. The top five yielders across locations included ILB 1814 (the 

indeterminate check), FLIP 84-243FB, FLIP 88-lOW, FLIP 86-109FB, and FLIP 

86-146FB (the determinate eitries), and gave seed yields of 4423, 2823, 

2331, 2075, and 2002 kg/ha, respectively. The top-yielding determinate 

line in this nxsery gave 30.16% less yleld than the irdeterminate high- 

yielding check, ILE 1814, revealing that there was a need for further 

irqxovement m the yield potential of the deteminate lines. 

The results or. Faba Bean Interrational Ascochyta Blight Nursery 

(FBIABN), Faba 3ean Internatioral Chocolate Spot L'ursery (FBICSNj, and 

Faba Bean International hst Nursery (FBIRN) were reported from 7, 6, and 



Table 7.1.1. Food legwne international nurseries supplied for the 
1992/93 season. 

International Trial/Nursery No. of sets 

Lentil 
Yield Trial, me-Seed (LIYT-L-93) 
Yield Trial, -1-Seed (LIYT-S-93) 
Yield Trial, Early (LIn-E-93) 
Screening Nursery, Large-Seed (LISN-L-93) 
Screen- Nursery, Small-Seed (LISN-S-93) 
Screening Nursery, Early (LIST-E-93) 
F5 Nursery, Large Seed (LIF5N-L-93) 
F5 Nursery, Small Seed (LIF5N-S-93) 
F5 Nursery, Early (LIF5N-E-93) 
F5 Nursery, Cold Tolerance (LIF5N-CT-93) 
Cold Tolerance Nursery (LICIT-93) 
Ascochyta Blight Nursery (LIABN-93) 
Fusarim Wilt Nursery (LIFWN-93) 
Rust Nursery (LIRN-93) 

Wclcpea 
Yield Trial Spring (CIYT-Sp-93) 
Yield Trial Winter, Mediterranean Region (CW-W-MR-93) 
Yield Trial Southerly Latitudes-l (CIYT-SL1-93) 
Yield Trial Southerly Latitudes-2 (CIYT-SL2-93) 
Yield Trial Latin American (CIYI-LA-93) 
Screening Nursery Winter (CISN-W-93) 
Screening Nursery Spring (CISN-Sp-93) 
Screening Nursery, Southerly Latitudes-l (CISN-SU-93) 
Screening Nursery, Southerly Latitudes-2 (CIST-SU-93) 
Screening Nursery, Latin American (CISN-LA-93) 
F4 Nursery, Mediterranean Region (CIF4N-MR-93) 
F4 Nursery, Southerly Latitudes (LIF4N-SL-93) 
Ascochyta Blight Nursery: Kabuli (CIABN-A-93) 
Ascochyta Blight Nursery: Kabuli & Desi (CIABN-B-93) 
Fusarium Wilt Nursery (CIFWN-93) 
Leaf -Miner Nursery (CIW-93) 
Cold Tolerance Nursery (CICTI-93) 

F O a s e  Legcmres 
Lathyrus Adaptation Trial (ILAT! 
Vetches Adaptation Trial (rL&T! 

Peas 
Adaptation Trial (PIAT-93) 

l m A L  



5 locations, respectively. The sources of resistance (with ratings 5 4 on 

1-9 scale, where l=free, 9=killed! identified at various locations are 

given in Table 7.1.2. 

Table 7.1.2. Sources cf resistance (with rating 5 4) to various diseases 
identified from varlous disease nurseries in Faba bean 
reported at different locations. 

Disease Country (location) Sources 

Asccchvta blisht 

Chocolate Spot 

Rust 

Morocco (Car Bo'mzzai A 8833 (L83129) 
A 88218 (BPL 21441 
A 88304 (3181-1) 

mrtugal (Elvasj A 8815 (BPL 818) 
A as35 (~8x29) 
A 88215 (BPL 2139) 
A 88304 (3181-1) 

Tunlsia (Arianal A 8817 (A2-1) 
A 88175 (583135) 
A 88187 (S 83135) 

(Ras Rajelj A 8817 (A2-1) 

Morocco (Zememrai R 888 (BPL 263) 
R 8817 (BPL 484) 
R 8827 (L82014) 
R 8835 (BPL 552) 
R 8842 (BPL 571) 
R 8846 (BPL 588) 
R 8854 iBPL 627) 
R 8859 (BPL 663) 
SLL (ILE 1814) 
Rebaya-40 (ILB 365) 

The Faba Bean Weed Contr-oi C f f i I K J ? )  'esults were reported frm 3 

locations and the treatwr-t sffszts for seed yield were significant. 

Yield loss d ~ e  to weeds rayed frcm 12.8% to 66.1%. At Cordooba in Spain 

there were no s:gnlflcart ciffere~ces between seed yiel& under weedy 
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check and weed-free cundition, showing that weed infestation was lau 

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 

Codoba 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-Laqe Seed (LI'1T-L) data frcm 31 

locations were analyzed for seed yield. At h u b ,  and Sidi Be1 Abbes in 

Algeria; Idleb, B r e d a ,  Gelline, Izra'a, and Tel Hadya in Syria; Ghazvin, 

Karajl, Karaj2 and Zanjan in Iran; and Terbl in Lebanon, some of the test 

entries exceeded the respective local check in seed yield by a significant 

(P=O. 05) -in. 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 bas& on the Eberhart and Russel (1955) &el for 

seed yield of LIn-L entries revealed that both mean squares due to entry 

x location (linear) and p l e d  deviations !nsn-linear portion of genotype 

x environment interaction) were significant (Table 7.2.1) . The perusal of 

stability parameters revealed that the entries 78s 26032, FLIP 87-161, 



FLIP 88-6L, and FLIP 85-38L had above average mean yield,  regression 

cceff iclent  greater  than 1, and non-significant d e v i a t l w  from 

regression, indicating thereby the l r  specific adaptation t o  the high 

yielding environments. 

Table 7.2.1. ANX& fo r  s t ab i l i t y  for  seed yield for  the ent r ies  i n  LIYl- 
L, LIYT-S, and LIYT-E conduczed during 1990/91. 

Source of v&-iation LIW-L LIYT-S LIYT-E 
DF rvls (xlo3j DF YS(xl0') DF (~10~) 

Entry 16 148.01* 22 201.34* 14 337.33* 
Lccaticn ( lhear)  1 223243.00* 1 168503. 00* 1 145182.00* 
Ehtry x location ( l inear)  16 139.75* 22 73.55* 14 477.95* 
Pooled deviation 374 50.69* 391 47.24* 150 177.75* 
Pooled er ror  763 25.22 836 26.60 336 26.84 

The r e s ~ l t s  of Lentil International Yield TYial-%all Seed (LIYT-S) 

from 22 locations revealed that  a t  8 locatiors namely, Dlngxi i n  China; 

Tolentin3 In I taly;  %nor3 ir. Mexico; and Breda, Gelline, Helm, Iz ra 'a ,  

and Tel Haciya, i n  Syria, scme of th.e tesz entr ies  exceeded the local check 

in  seed yield by a signif icxt  rargin. Tne f ive heaviest ylelders across 

lmat ions  included FLIF 89-25L, KIT; 89-20;, FLIP 87-56L, FLIP 87-5:L and 

'FLIP 69-32L. Stabll::y malj..s:s for  seeci y ie la  fc r  z5.e en t r ies  in  ; I n - S  

(T&e 7.2.1:) revealed =:?at k t h  line&- an5 r .x- l inear  cmpnen t s  of GxE 

interact icn were lmpcrtant . &ly t h e e  er-tries, FLIF 89-32L. FLIP 87-55L, 

and FZIP 87-25L hav~ng &me-average yield p r f o m - c e ,  r w e s s i o n  

coeff ic len t  equal t o  :, and nonsigr.ificant devat icns  from regression, had 

general adaptation. A l i ne  FL:? 87-57L having above average mean yield,  
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nonsignificant deviations from regression and regression greater than 1.0 

was adapted to high yielding environments. 

The results of Lentil International Yield Trial-Early (LIYT-E) frcm 

14 locations revealed that at 8 locations (&elm in Algeria; Gansu in 

China; Tolentino in Italy; Sonora in Mexico; Tarnab and Faisalabad in 

Pakistan; Beja and El Kef in Tunisia) s m  of the test entries exceeded 

the respective local check in seed yield by a significant (P 5 0.05) 

margin. The five heaviest yielders in this trial included Precoz, FLIP 

89-53L, FLIP 88-39L, FLIP 87-66L and FLIP 89-52L. Stability analysis of 

the entries for seed yield in LIYI-E revealed that both entry x location 

(linear) and deviations from regression (nonlinear) were significant 

(Table 7.2.11 . Only one entry, FLIP 87-66L had above-average yield, 

nonsignificant deviations from regression, and regression coefficient 

equal to 1, and thus had a general adaptation. 

For Lentil International Screening Nursery - Large ILIS2-L), %a11 

(LISP-SI, Tall (LISN-T) and Early (LISP-El, the data for seed yield =re 

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; Idleb and G?lline in Syria; and Jutxiha in Jordan), 10 

locations in LISN-S (Gazvin, Zanzan and Bakhtaran in Iran; Terbol in 

Lebanon; Heim, Gelline, and Tel Hadya in Syria; Beja and El Kef in 

Tunisia and Hymana in Turkey), 10 locations in LISN-T (Tiaret and Guelm 

in Algeria; Beja in Tunisia; Idleb, Heirm and Gelline in Syria; Terbol in 

Lebanon; Temuco in Chile; Diyarbakir in Turkey; New Delhi in India), and 

5 locations in LIST-E (Tarnab in Pakistan; Sonora in Mexico, Xi- in 
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China ,  Tiaret in Algeria and Beja in Tunisia) s m  of the test entries 

exceeded the respective lwa; check by a significant win (Ps 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- 5L FLIP 90-27L FLIP 88-10L FLIP 91-26L 
2 FLIP 90- 2L FLIP 90-26L 785 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 785 26013 FLIP 86-39L 

The results of Lentil International F4-Nursery Large (LIF4N-L) , Fq- 

Nursery Srrall (LIFLN-S) , and FG-Nursery Early (LIF,,N-E) , were received from 

4, 1, and 2 locations, respectively. At all the locations ssw individual 

plant selections were made by the cooperators. 

The results of Lentil Intematlonal Coid Tolerance Nursery were 

received frcm 3 locations, Nishahu in Iran, General Toshevo in Bulgaria, 

and Hymma in Turkey. The susceptible check was killed (rating=9) at 

Toshevo and Hymns. Re entries, ILL 662 and ILL 1878 at Toshevo, and 

four encries, ILL 52, ILL 662, ILL 1878 and Lccal check iKislik Yesil 21) 

at Hymana showed toleran= rating (5 4) . 

The results of Lentil International Asccchyta Blight Nursery were 
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received frcm Horsham in Australia. Five entries, ILL 358, ILL 2439, 78s 

26013, FLIP 84-43L and FLIP 89-52L showed tolerant reaction (ratings 5). 

The results of Lentil International Fusarium Wilt Nursery were 

reported from Gelline in Syria but there was no disease infestation there 

this season. 

The results of Lentil Weed Control Trial (WCT) were reported from 

Elvas in Portugal. The for seed yield exhibited non-significant 

treatment effects. 

The results of Lentil International Rhizobium Inoculatian Response 

Trial (LIRT) were reported from 4 locations, Tiaret in Algeria, Senora 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 Ckiclcpea 

International Yield Tridl-Spring (CI'IT-SP). A large number of test 

entries exceeded the respective local check by a significant rrargin 

(P=0.05) at four locations, namely Karaj in Iran, Te1 Hadya in Syria, and 

Beja and Oued Meliz in Tunisia. The five best entries across the 

locations were FLIP 88-45C, FLIP 88-68C, FLIP 88-24C, FLIP 88-62C, and 

FLIP 88-70C. The stability analysis (Table 7.3 .l) revealed that only 

entry x location (linear) component was significant. The entries FLIP 88- 
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24C, FLIP 88-85C, FLIP 86-41C and FLIP 88-75C, with abme average seed 

yield and regression equal to 1.0, had average stability. Other entries, 

FLIP 88-45C, FLIP 88-68C, FLIP 88-62C, FLIP 88-7OC, FLIP 81-293C, FLIP 88- 

76C, FLIP 88-8C, and FLIP 88-16C, with regression greater than unity and 

above-average r.ean yield, were with specific adaptation to high-yielding 

environment s . 

The seed yield data from 25 locations for Chickpea International 

Yield Trial-Winter-Mediterranean Region (CIYT-MR) revealed that at 14 

locations narwly Tessala in Algeria; Toshevo in Bulgaria; Larissa in 

Greece; Papiano in Italy; Rabba in Jordan; Jinderess, Idleb,Izrala, Heim 

and Ham in Syria; Beja in Tlmisia; Antalya and Eskisehir in Turkey; and 

Terhl in Lebanon sorne of the entries exceeded the respective local check 

by a significant margin (P=0.05). The five best entries across locations 

included FLIP 86-SC, 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 

p l e d  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 mre than the general man, and 

were thus 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 1 and seed yield mre than 

the general man; they were thus responsive to favorable environments. 

The results of Chickpea International Yield Trial Southerly 

Latitudes-l (CIn-SL11 was reprted from 4 locations (Tres de Maio in 



Brazil; Ludhiana in India; Tel Hadya and Breda in Syria) but the treatment 

effects were not significant 

Table 7.3 .l. AbDVA for stability parameters for seed yield for the 
entries in CIYi-SP, and CIIT-MR conducted during 1990/91. 

Source of variation 

Entry 22 725.78* 22 1017.46* 
Lxaticm (linear) 1 535818.00* 1 2708620.00* 
Entry x location (linear) 22 1141.47* 22 6494.18* 
-led 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 (CIYI-SL2) were reported from 4 locations. At three 

locations, Santa M i a  in Brazil, Chillan in Chile, and Breda in Syria 

s m  of the test entries exceeded the local check bya significant margin. 

The five heaviest yielding entries across locations included FLIP 88-78C, 

FLIP 88-5OC, ILC 2566, ILL 856, and ILC 3116. 

The results for Chickpa International Yield Trial Latin American 

(CIYT-LA) with extra large seed w r e  reported from 5 locations and AhOVA 

for seed yield revealed that at Santa Maria in Brazil, Chillan in Chile, 

Hemsillo (Sonora) in Mexico, and Tel Hadya in Syria, 1, 5, 4 and 6 test 

entries, respectively, exceeded the local check in seed yield by a 

significant margin (Ps0.05). The five heaviest yielders across locations 

included FLIP 88-52L, ILC 464, FLIP 84-132, FLIP 88-58C and FLIP 88-40C. 
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The results of Chickpea International Screening Wseries -Winter 

(CISN-W) , -Spring (~1st-SP) , -Southerly Latitudes-l (CIS'-SL1) , -Southerly 

Latitudes-2 (CIst-SLZ) and -Latin Amrica (CISN-IA) were reported from 31, 

27, 3,1, and 3 locations, respectively, and saw 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 locations in 
different chickpea screening nurseries, 1990/91. 

Rank CISN-W CISI-SP CISN-SLl CISN-SL2 CISN-IA 

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 FLIP89-ll6C 

3 89- 49C FLIP 89- 23C FLIP 89- 29C FLIP 89-63C ILL 97 
4 FLIP 89-118C FLIP 69-115C FLIP 69-114C FLIP 89-69C ILL 3367 

5 FLIP 89- 87C FLIP 89- 78C FLIP 89-125C FLIP 89-85C FdP89-87C 

The Chickpea International F4 hkseries -Mediterranean (CIF4N-MR.) ard 

-Southerly Iatltudes (CIF,N-SL) were s~ipplied to coaperators for raking 

plant selections under their own environwntal conditions arid for 

developing tneir ovm breeding mtenals. Several national programs made 

good use of these nurseries. 

The Chickpea Intematioral Ascochyta Blight Nursery ( C m )  results 

for kabuli t p  were reported from 17 iocatlons and for desitkabuli type 
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£ran 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 amng the tolerant group (with rating 5 4 on 1-9 

scale), two kabuli entries (FLIP 83-71C, FLIP 84-137C) appeared best and 

were followed by ILC 3279, FLIP 84-79C, FLIP 84-83C, FLIP 84-93C, FLIP 84- 

102C, FLIP 84-112C, and FLIP 85-133C which each occurred 9 times in kabuli 

types. These entries thus exhibited broad-based resistance to mccchyta 

blight. Similarly, amng desi lines FLIP 87-507C, FLIP 87-508C, and FLIP 

87-510C exhibited broad-based resistance. The differential reaction of 

lines at various places further revealed the presence of variability in 

the path-. 

The results of Ch icba  International Leaf miner Nursery ( C I W )  were 

reported from four locations Karaj in Iran, Terbol in kkanon, Tel Hadya 

in Syria and Elvas in Portugal. At all locations the susceptible check 

took a score between 7 and 9 on 1-9 scale (l=free, 9=highly susceptible). 

Gut of 30 test entries, three entries, ILC 5591, ILL 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. Gut of 30 test entries, 25 entries at 

Guelma in Algeria, three 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 (CICIN) the cold 
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tolerance reaction was reported f m  five locations. All the 40 test 

entries at Tel Hadya and B r e d a  in Syria; 23 entries at Diyarbakir, 14 

entries at F x z m  and one entry at Hyrmm in Turkey, were rated at 5 5 

and were tolerant. Across locations, the entries ILC 1455, ILC 1463, ILC 

2772, ILC 3287, ILC 5609, ILC 5658, ILC 5668, ILC 5671, FLIP 86-85C, FLIP 

87-3C and FLIP 87-69C occurred mast frequently a m g  the cold tolerant 

lines. 

The data on Chicwa Weed Qntrol Trial (CWCT) was reported from four 

lccations. The ANOVA for seed yield revealed the presence of significant 

differences betwen treatmt mans at El Safsaf in Libya and Elvas in 

Portugal and the yield loss due to weeds for these lmations varied frcm 

44.4% to 71.6%. Treatmts Tl2 [pre-emrgence application of 

methabenzthiazuron (Tribunil) at 3.0 kg a. i. /ha + pronamide (Kerb) at 0.5 

kg a. i ./ha1 , T9 [pre-emqence application of terbutryn (Igran) at 3.0 kg 

a. i. /ha plus pronamide (Kerb) at 0.5 kg a. i . /ha1 at Elsafsaf in Libya; and 

T9 [pre-emergence application of Terbutryn (Igran) at 3.0 kg a.i./ha plus 

pronamide (Kerb) at 0.5 kg a. i . /ha] and 'Ill [pre-emrgence application of 

chlorobromuron (Maloran) at 2.5 kg a. i . /ha plus pmnamide (Kerb) at 0.5 kg 

a.i. /ha1 at Elvas in Portugal, were a n n q  the superior treatments 

excelling the weedy check by a significant -in. 

The results of Chickpea International Rkizobium ~ n d a t i o n  Response 

Trial (CIRT) were reported frcm three locations (Setif, Tiaret and Gued 

Smar in Aigeria) . The differences between treatments for seed yields, 

were haever, significant only at Tiaret in Algeria. The treatment with 

Strain No. 39 gave the highest seed yield and was follaved by the 
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treatment including Strain No. 31 and Strain No. 44 which excelled the 

control (with application of 60 kg of K$ and 80 kg of P2q) in seed yield 

by a significant (P=0.05) margin. 

7.4. Forage-s 

The Lathvrus and vetch adaptation trials were supplied to cooperators for 

the first time for 1990/91. The results for International Lathyrus 

Adiptaion Trial (ILAT) were received from 3 locations (Tel Hadya in Syria, 

Ankara in Turkey, and Saida in Algeria). At two locations (Ankara in 

Turkey and Saida in Algeria) 23 and 16 test entries exceeded the local 

check in seed yield by a significant margin. Five best lathyrus entries 

across locations included three L. sativus accessions (Acc. No. 127, Acc 

No. 188 and Acc No. 347) and two L. cicera accessions (Acc No. 135 and Acc 

No. 121) with seed yield of 1712, 1708, 1626, 1625 and 1592 kg/ha, 

respectively. 

The International Vetch Pdaptation Trial (IXAT) was reported from 

five locations, Saida and Sidi Be1 Abbes in Algeria; Dsmaine in Momco; 

Tel Haw in Syria; and Ankara in Turkey. At three locations Sidi Be1 

Abbes, Domaine, and Tel Hadya, 12, 2 and 12 test entries exceeded the 

respective local check by a significant margin. This trial included 17 

accessions of y. sativa and 6 accessions of v. narbonensis. The five 

highest yieldmg entries across the locations belonged to y. narbonensis 

and included Acc Kos. 573, -565, -568, -574, and -577 with seed yields of 

2480, 2297, 2261, 2177, and2167 kg/& respectively. AmngV. sativa, the 

highest yielding entries included, Acc Nos. 2541, -1361, and -705 with 

seed yields of 1805, 1688, and 1677 kg/ha, respectively. 



281 

7 . 5 .  Dzy Pea 

The results of Pea International Adaptation Trial (PIAT) were reprted 

from 11 locations. At seven locations, namely, Athalassa in Cyprus; Al 

W, 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 Lccal Aleppo, Collegian and PS 21688. 

The ANOVA for seed yield for stability parameters based over seven 

environments revealed that six entries m l y  PS 210713, Syrian Lmal 

Alepp, Collegian, PS 210688, IG102702, and LE 25, with above average 

yield perfomce, and deviation approaching zero, had average stability. 

Table 7.6.1. Leguw cultivars reported as released during 1992 by the 
national programs. 

Crop and Country Olltivar Specific features 

France Roye Rene (FLIP 84-188C) 

Da310CCO FLI? 83-48C 
FLIP 84-92C 

Pakistan Noor 91 (FLIP 81-2930 

=key A y d m  92 (FLIP 82-259C) 
MerAemen 92 (FLIP 85-14C) 
Imir 92 (FLIP 85-60c) 

Lentil 

Iraq 785 260C2 (ILL 8) 

Cold, blight resistance 

Large seed, blight resistance 
Iarge seed, blight resistance 

High yield, bllght resistance 

Large seed, blight resistance 
Large seed, blight resistance 
Lvge seed, blight resistance 

High yield, easy for machine 
harvest 

New Zealand ILL 6243 High yield, red cotyledon 
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7 .6 .  Identificatim of Sqerim Genotypes by the MLRS 

The national program scientists participating in the Legme Internatiml 

Testing -am identified and reported the release of seven cultivars of 

chickpea, and two of lentil during 1991/92 (Table 7.6.11 . In addition, 

several lines were identified for multilccationtesting, on-farm trials or 

pre-release multiplication. Also a large n m k r  of lines resistant to 

various stresses were identified and they are being used for direct or 

indirect qloitation. 

Naticmal hPgram Scientists, R.S. blalbtra, D. Beck, W. Erakine, S. 

IWnmik, L.D. Robertscm, M.C. Saxena, K.B. Singh and S. W i g a d  



8.1. Nile Valley wcmal Prograan 

8.1.1. ?Qypt 

Research was continued during the 1991-92 season with special project 

funding f m  the Onmission of European Cbmwnities (EEC) . The cropping 

season was characterized by abnodly low temperature in Bcerker, 

January and Febxuary during which it reached as low as 0°C. 

8.1.1.1. Faba bean 

The early epidemic of faba bean yellow necrotic virus (FBW) 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 prakction-cum-derromtration prcgram was continued during 

the 1991/92 season, with 110 sites in Minia, 45 in Fayourn, 16 in Beheira 

and four in Xafer El-Sheikh governorate to compare an imprwed production 

package with the practices adopted by the neighbor- f w r s .  Ten 

different sets of improved production packages were used depending on the 

region and prochiction problem. As an average of all the demnstratiom 

in Minia and Fayoum, the improved package increased the seed yield by 0.24 

t/ha (29%) and straw yield by 0.11 t/ha (40%) over the farmr's practice. 

In Behaira and Kafer El-Sheikh the corresponding average increases were 

0.64 t/ha (21%) for seed and 0.7 t/ha (11%) for straw. 
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The pilot production-cum-demnstration plots in Minia (using improved 

cultivars Giza 402 and Giza 2 , sonnrn in early Nove&er at a seed rate of 

184.5 kg/ha with a fertilizer application of 35.7 kg N and 71.4 kg P29/ha, 

weed control by hand or herbicide, aphid control with Pirimor if needed, 

and optimum water managemat) gave an increase of 38% in seed yield and 

3.5% in straw yield over the neighbring farmers. These increases w e r e  

highly economical. 

In Beheira and Kafer El-Sheikh governorates where chocolate spot 

disease is ccmmn, the newly released disease-resistant cultivar Giza 461 

was demonstrated on12 sites. As an average of bth governorates, the new 

cultivar yielded 21% more seed and 11% mre straw as compared to standard 

cmrcial cultivar Giza 3. Another improved cultivar Reina Blanca (Giza 

5), which has s m  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 recamended sowing method, involving minim 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 Grobanche-infested areas of Minia and F a y ,  25 

demnstrations of integrated Orobanche control were done based on the use 

of Orobanche tolerant Giza 402 cultivar and glyphosate. Plots in bth 

governorates showed that, a reduced rate of glyphosate use (95.2 m l  

Lancer/ha in 500 liters of water at flowering stage and again 15 days 

later) in combination with foliar application of mineral nutrients (1% N, 



1% P and 2%K) was mre effective in rdcing the Orobanche infestation and 

increasing yields compared with the earlier r e c m d e d  rate of glyphosate 

(179 ml of Lancer/ha) which smtimes causes phytotoxicity. The seed 

yield increased by 46% in Minia and 45% in Fayown and the respective 

increases in the straw yield were 18% and 33%. The recamended package 

reduced both the n&r and dry weight of Grobanche spikes and it was rmre 

eancmical than the old recamendation (Table 8.1.1). 

Table 8.1.1. Marginal rate of retum in the Orobanche control 
demnstration plots and the neighwing farms in Minia, 
1991/92. 

Demnstr~t~on dots 
Cost/?zenefl~ ltem Nelghwmg Hlgh rate Reduced rate 

farms of glyphosate of glyphosate 
+ nutrients 

Total variable cost (LE/ha) 

Seed yield (t/ha) 
Straw yield (t/ha) 

Revenue (LE/ha) 
From seed 
From straw 
Gross benefit 

Net benefit (LE/ha) 
Difference in net benefit 
Difference in variable cost 

Maqinal rate of return 

The researcher-mged on-£am trials focused on intercropping of 

faba bean 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 



and inproved Giza 2 in Fayom were evaluated. In Minia, interwing of 

three rows of faba bean in betwen t w  rows of autumn-sown sugarcane 

giving 25-27 plants of faba bean/d p&ced highest seed yield ccompared 

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 

saving gave a significant am3 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 demnstrations. 

Cost/benefit item F-rs Recamended 
package package 

Total variable cost (LE/ha) 3015 3452 

Sugar cane yield (t/ha) 
Faba bean seed yield (t/ha) 
Faba bean straw yield (t/ha) 

Revenues (LE/ha) 
Sugar cane 
Faba bean seed 
Faba bean straw 
Gross benefit 

Net benefit (EL/ha) 5127 
Difference in net benefit 
Difference in variable cost 

Marginal rate of return 2.0 

The two newly released faba bean c~ltivars Giza 461 and Reina Blanca 

were used for intercropping in sugarbeet fields in Kafer El-Sheikh 

Governorate. One row of each of these cultivars was sown on the opposite 

side of the 90 cm spaced ridges of sugarbeet one wnth after sawing 
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sugarbeet. This was compared with pure crop of sugarbeet. Intercr~pping 

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 incare by 442 and 331 LE/ha respectively, over the 

pure crop of sugarbeet. The improved Giza 2 (selection frcm old cultivar 

Giza 2 )  exceeded the f m r  cultivar Giza 402 by 19% and 2% for seed and 

straw yields, respectively in 23 demnstrations in Fayoum. 

Three researcher-mged on-farm trials in newly reclaimed area in 

the Minia governorate (Smlot district) evaluated the performance of five 

premising faba bean cultivars (Giza 2, Giza 402, 311/11'70/81 and Reina 

Blanca with three plant densities of 17, 25, and 33 plants/rrl?. The new 

genotype 311/1170/81 outyielded other varieties, while across entries 

seed rate of 25 plants/d gave the highest seed yield under this condition. 

Back-up research was conducted on breeding, agroncmy, pathology, 

entcmwlcqy, microbiolcgy, Orobanche and veed mntrol, soil fertility and 

plant nutrition, and nutritional quality. The mjor highlights are 

presented here, whereas details of these studies are available in the 

"Annual R e p o r t  of the Nile Valley Regional Program - Egypt for 1991-92". 

Results of miltilocation yield trials in S a d  and Nubaria (north 

Celts) and Giza and Sids (muddle 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, likelyto be r e c m d e d  

for release. 
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Seventy nine F7 faba bean lines were tested for chocolate spot 

resistance, 15 lines were markedly resistant and six families ccmbined 

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 cultivars. 

The resistant entries Giza 461 and ILB 938 prcduced high levels of 

phytoalexins, had low concentration of carbohydrates and shm& presence 

of Trichodem sp. (antagonistic agent) on the leaf surface which reduced 

spore germination and gem tube length of BotrVtis fabae. Seven lines 

showed tolerance to Orobanche at Giza. m t y  three families recorded 

lower aphid infestation rates than the check cultivar Giza 402 in 

laboratoryscreening 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-en-eqence 

application of Iqran at 2.38 kg a. i./ha gave better weed 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 shmed a significant increase in seed 

yield by 3 sprays of 2% P2q (at 30, 60 and 90 days after sowing) cmpred 

with a soil application of 35.7 kg P&/ha. 

The program paid special attention to the mltiplication 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 de-tration efforts have encouraged farmers in the 

Delta region to pduce the crop, and now nearly 50% of EgypC's lentil 

area is concentrated in the Delta regim 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-prdction-cum-demnstration program was continued during 

the 1991/92 season, with a total of 61 demonstrations (25 at Sharkia, 14 

at Dakahlia, 15 at Kafer El-Sheikh and 2 at Beheira and 5 at Assiut 

governorates) to compare an inproved production package with the practices 

adopted by the neighbring farmers. The improved package involved one 

irrigation 4 weeks after swing, seed rate of 95 kg/ha, fertilizer at the 

rate of 35 .6  kg N/ha and 71.4 kg PzC+/ha, weed control using Gesagard at 

the rate of 2.5 kg a.i./ha as pre-ewrgence application, control of downy 

mildew using Ridornil-Mancozeb 58 WF at 205 g/100 1 and aphid control using 

Pirimr. The yield in demnstra~ion plots over neighboring f m r s  was 

14%, 67%, 11%, 76% and 36% higher in Shaf~ia, Kafer El-Sheikh, M i a ,  

Beheira and Assiut, respectively. Over all the demonstrations, the 

recamended package increased the seed yield by 35% and straw yield by 17% 

over neighboring farmers with high econcmic returns. The profitability of 

lentil increased by 8.9, 6 7 . 6 ,  46.0 % in Sharkia, Kafr El-Sheikh and 

Assiut because of the improved package. 

Researcher-managed on-farmtrlals focused on seeding rate, irrigation 
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methods and disease control for lentil for different trapping systems. 

Irrigation study showedthat two surface irrigations (20 and 50 days after 

sowing) resulted in a significant increase in seed yield (31%) over 

fanner's practice of one pre-sowing irrigation sidating Nile flooding. 

The results of four researcher-managed on-£am trials at Sharkia and 

M i a  sh& that using ~ h e  fungicide Ridanil MZ (3 sprays, at the rate 

of 200 g/100 1) was mre effective to control Ilwy Mildew than using of 

Sarrlovan at the same rate. The results shc.wed also that high plant 

density under high seeding rate of 143 kg& increased disease infection 

when compared to a l m r  seed rate of 95 kg/ha. 

Back-up research in lentil was conducted on breeding, agmnmy and 

microbiology. The breeding program identified 23 pranising entries out of 

118 tested entries introduced from ICXZX as they outyielded the best 

check. Four genotypes (ILL 813, 5 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 seed were Fusarium sp. and 

Rhizcctonia solani. 

Screening lentil genotypes under rainfed conditions at the 

Northwestern Coast of Egypt was conducted with 15 entries. The variety 

"Precozu was the most premising entry and it exceeded in seed yield the 

two local cultivars Giza 9 and Giza 370 by 104% and 143%, respectively. 

Evaluation of eight lentil cultivars for their nitrogen fixation ability 

using ' 5 ~  technique at Mallawy research station s h d  that the percentage 

of plant nitrogen derived from the at-here ranged fran 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 

prunising entries F'recoz, Giza 29 and H5/6/81 was done. 

8.1.1.3. Chickpea 

As there is a great interest in intdcing chiclcpea crop in northern 

Fgypt, denwnstrations were cond~~cted at three locations in Assiut (the 

traditional chickpea area) and in the newly reclaimed areas in Beheira and 

Alexandria governorates using an improved pdction package comprising 

chickpea line 531, a seed rate of 95 kg/ha, and inoculation with Rhizobium 

(ICARDA strain 44). On the average, the impmed package gave 43% 

increase in seed yield over the neighboring farmer and this increase was 

highly economical. The increase was higher in the new land in Alexandria 

(44.8%) than in ~eheira (28.4%) . 

In the researcher-mged on-farm trials in Quena, Assiut, Fayoum, 

Beni Suef, Imillia, Northwestern Coast and Beheira governorates, two 

breeding lines (L70 and FLIP 84-80C) outyielded the farmers' check 

dtivar by nearly 29.8% and 18.8%, respectively. 

In the back-up research on breeding, 20 accessions were identified 

and selected for further evaluation. T k  Fq lines £ran ICARDA; x89 TH 192 

and x89 TH 411 had early floering, high vigor and high seed yield equal 

to the yield of the local cultivar Giza 88. Incculation with Rhizobium 

caused significant increase ir. yield over unincculated check and nitrogen 

application. 

Naticmal Scientists frun Egypt 
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8.1.2. Ethiopia 

The research mrk under the Nile Valley Rqional Prqram in Ehtiopia was 

continued in 1991/92 season with the special project funding from Swedish 

ngency 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. Paba bean 

Pilot-production-cum demnstration program was conducted in the high and 

mid-altitude regions of Central Zone of Shewa. Demonstrations on 22 

lccations in the high-altitude region using 20 DK genotype at 200 kg 

seed/&, 100 kg DAP/ha (Diamnium phosphate) and hand weeding twice 

resulted in yield levels ranging from 1.56 to 2.60 t/ha ~5th an overall 

mean of 1.95 t/& as against the farmers' 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 mrginal rate of return (MRR) on investment 

was 329%. Demonstrations 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 farmers' method with an additional 

net benefit of 603 Birr/ha and a MRR of 287.1%. 

Back-up research focused on breeding, agroncmy, pathology, 

entomology, microbiology and h m  nutrition. Based on good perfomce 

over seasons inrmltilocation testing, lines ALPS) 160 and Coll. 111/77 are 

in final verification for release to farmers in the high-altitude areas. 

Similarly, MKI Illhr and NEB 207x74 TA-6D are to be considered. for 

release for medium-elevation areas. In the breeding program, 220 single 
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plants derived frun one-way crosses and 131 single plants from mixed 

pollination of F2 generations wre selected for further evaluation. In 

variety trial (A-set) , the entry, =C/E 20317-1 gave the highest harvest 

index value. The national varietal trial (B-set) identified TA 26026-1- 

2-lb as most pmnising entry with a mean seed yield of 4.43 t/ha across 

3 locations (Denbi, Kulunesa and Asasa) . Cevelcpent of 22 pure lines of 

faba bean was done in isolated msh cages. 

Buck-up research in agronany investigated the yield effect of wthcd 

and rate of seeding, rate of seeding and weding frequency, 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 Xulumsa. mice hand weeding at 35-40 days and at 60-65 days after 

emergence increased the faba bean yields significantly over u n W  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 suweys made in Bale highlands to assess the disease 

situation in faba bean revealed that chocolate spot and rust infestation 

was c m n .  A total of 575 faba bean lines were screened for chocolate 

spot and rust at tioletta and Denbi. Six entries were rated as tolerant to 

chocolate spot. Early sowing reduced the h g e  from 'molate spot. For 

rust, most Lines bere tolerant and will be retested in ccming season. In 

a study of the effect of plant age and soil moisture content on 

development of black rat rot in faba bean, early seedling stage was rrore 

sensitive than other stages. Percentage of wilted plants increased from 

30% in n o m l  mistare soil to 85% in saturated soil. craccivora 
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and Helicovew M a e r a  were the mjor insect pests but their infestation 

was not very high. Evaluation of various faba bean Rkizobium strains in 

Vertisol was made in Holleta. The highest dry ratter accurnilation was 

obtained frcrn nitrogen application of 120 kg/ha follcwd by inoculation 

with strains 64, 50, and 51. 

8.1.2.2. Lentil 

Demnstration of improved production package of lentil, ccmprising 

imprwed variety blew (NEL 358), 70 kg seed/ha, mid-July sowing date and 

one hand weeding, was done at 17 sites in Ada, Shenkora and Ginbichu in 

Central Ethiopia. The iproved package gave 63% increase in yield and an 

additional net benefit of 1129 Birr/ha with a marginal rate of return of 

312% (Table 8.1.3). On-farm verification of pea aphid control in lentil 

at 3 locations in Shewa region showed that Pirimor 50% WP at 1 kg 

p&ct/ha or Dimethoate 40% EC at 725 d / h a  increased seed and straw 

yield of lentil NEL-358 over unsprayed check, with marginal rate of return 

of 619% for Dimethoate and 117% for Pirimor. 

Table 8.1.3. Average seed and straw yield (t/ha) of irproved and 
traditional package of production of lentil in Ada, 
Shenkora, Gi&ichu areas in Ethiopia, 1991/92. 

Lxat ion Imroved packace Traditional packacre Seed increase 
Seed Straw Seed Straw over farmer % 

Ada 0.91 2.98 0.60 1.94 52 
Ginbichu 0.98 2.52 0.62 2.63 58 
Shenkora 1.03 2.69 0.56 2.29 83 

Net benefit (average over the locations) 
Improved 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 iAlem Tend, 160'0rn; kbre Zeit 

1900m; Chefe Lbnsa, 2450m; and Sinana, 2400m). FLIP 89-63L, FLIP 86-51L, 

875-93518 and local check s h m d  wide adaptation, and yield levels ranging 

from 2.30-2.43 t/ha. As a result of gccd perfomce over seasons and in 

multilocation testmng, the rust resistant lines FLIP 84-78L, FLIP 84-112L 

and FLIP 89-74L are in prerelease evaluation. In screening for Pscochyta 

blight resistance and rust resistance, 36 lines shmed high level of 

resistance to both diseases. Four ICARDA lines were free from Pscochyta 

blight infection. 

Waterlogging is Gne of the mjor production constraints of lentil on 

heavy soil. A trial was therefore continued this season at Akaki and 

Debre Zeit to compare the planting of lentil on broacbds with furrow 

(BBF) vs. ridge and furrow (RF) planting. At the heavy soil sites of 

Akaki, the yield was significantly higher in BBF method of sowing compared 

with the RF method, because the ridges get washed out due to rain and do 

not pennit as good a draina~e as BBF system (Table 8.1.4) . In other 

study, results showed no effect of various seed rates on grain yield of 

lentil planted on either BBF or RF at Akaki. Hand weeding at 30 and 60 

days after sowing gave good weed control and increased yields 

significantly over weedy check. 

In the survey of lentil diseases in the mjor lentil graving area in 

Shewa region, the mjor diseases observed were root rots (caused by 

F'usarium o m r u m ,  Rkizcctonia solani and Sclerotium rolfsii), rust 

icaused by Urmces fabae) , Ascochyta blight icaused by Asccchvta lentis) , 



Alternaria blight (caused by Altemaria altenata) and powdery mildew 

(caused by Oidium spp. ) . Laboratory diagnosis s h d  that 68.3% of the 

mt mt/wilt  fungi was Fusarium oxvspam and 2.5% was Rhizoctonia 

bataticola. 

In the field survey on insect pests, green pea aphid (Acvrthosiubn 

Harris) was the major pest, particularly in western Shewa. In 

eastern Shewa predators Coccinela larvae and Swvhid f l y  larvae were 

recorded preying on green aphids 

Table 8.1.4. Effect of different methods of seed bed preparation on the 
mean seed and s t r a w  yield (t/ha) of l en t i l  over 1989-91 a t  
three Vertisol locations in Ethiopia. 

Seed yield Straw vield 
Location Broad bed Ridge & Broad bed Ridge & 

&Furrow Furrow &!?wTcW FuxTcw 

nkaki 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 
LSE (P=0.05) NS 0.280 
Cv ( % )  15.3 16.6 

8.1.2.3. Chickpea 

Evaluation of Improved production package (improved chickpea variety 

Mariye, sown a t  a seed rate of 90 kg/ha i n  the end of August t o  early 

Septerkr,  and one hand weeding) on f-rs f ields was done on 20 

locations i n  Gimbichu, Shenkora, Tullubollo and Ginchi areas of Shewa 
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administrative region. In all locations, imp- package gave higher 

seed yields (39% increase) and an increase in net benefit of 293 Birr/ha 

over the farmers package. 

In the backup research, yield testing of kabuli lines revealed that 

lines ICC 12339, 12428, and 12703 were high yieldhg and highly resistant 

to wilt/rcot rot diseases. A survey of different chickpea diseases in 

Shewa administrative regions revealed that wilt/mt rot and stunt were 

mst widespread. Stunt was more widespread at flcwering stage and the 

incidence was higher when plant stand was low. Wilt was incited by 

Fusarium ox'/scorum f.sp. ciceri, wet m t  roz by Rhizcctonia solani and 

collar rot by Sclerotium rolfsii. A wilt and rcot rot-sick plot has lzen 

develaped at Debre Zeit and a total of 192 local and exotic accessions 

were screened for resistance to both diseases. Most accessions showed 

high level of resistance to m t  rot, while only 9 entries had stunt 

infection less than 10%. All these promising accessions will be retested 

in the &ng season. 

The insect pests found attacking chickpea were cutmm (AmOtis 

ipsilon) and (Helicoverm armisera) in Shewa region. The damge from pod 

borer ranced from 21% at Ydjo to 53%at Tefki. Cutworm was recorded as a 

seedling pest of chickpea in eastern and western Shewa, causing 5-7% loss 

in seedllng stand. Survey showed :hat cutmrn was mre cm17. in the low- 

lying areas. 

Studies for three seasons on seed bed preparation on heavy Vertisols 

confirmed the a&antage of broad bed-furrcxr, over flat sowlng in increasing 



chickpea yields by ensuring ketter drainage and earlier sowing (Table 

Table 8.1.5. Effect of different methods of seed-bed preparation on the 
m?an seed and straw yield (t/ha) of chickpea over 1989-91 at 
three Vertisol locations in Ethiopia. 

Seed vield Straw yield 
b a t  ion Broadbed-Furrow Flat Broadbed-Furrow Flat 

Debre Zeit 2.70 1.87 3.46 2.63 
LSD (P=O.05) 0.125 0.120 
CV (%) 13.0 16.2 

Dembi 1 .81  1 .15 2.72 1 .66 
LSD (P=0.05) 0.180 0.210 
CV I%) 14.5 16.9  

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 # 210851 was m t  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, hayever, only margindlly 

better than the &st local check NC 95 Haik. The national variety trial 

B, again having 14 entries, revealed that the accession CMR-4 gave the 

highest seed yield of 1.84 t/ha, 2.82 t/ha and 5.22 t/ha at m i ,  Kulumsa 

and Asasa locations, respectively, as against 1.23, 1.25 and 3 . 3 1 t / h  for 

improved check cultivar Mohanderfer. 
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A s w y  of different field pea diseases in Bale highlands revealed 

following diseases to be the m t  widespread: downy mildew (Pemomra 

viceae), pavdery mildew (Ewsiphae pisi), white rot (Sclerotinia 

sclerotiorum) and ascochyta leaf blight (Ascochvta a). 

According to the survey work conducted in Nendeyou, Agarfa and 

Gassera areas, the rmjor insect pests of pea were pea aphid (Acvrthosiubn 

a) and pod brer (Helicoverw armiqera) . Damage was higher in mehr 

(July to March) than in (Much to July) season. Aphid infestation in 

& could reach 100%. A total of 200 accessions received frcm =C/E 

were screened for resistance to pea aphid (Aolrthosiuhon w) at Kulumsa 
under natural conditions with and without spray of Pirimor. The lowest 

count was recorded on Acc. No. 32191. In the advanced screening of 17 

accessions, l m s t  yield losses were noticed in lines JI 116, JI 91 and 

061 K-2p-2192. 

Naticndl Scientists £ r a n  Ethiopia 

8.1.3. Sudan 

The Nile Valley Regional P r q r a r  research on fah bean, chickpea and 

lentil was continued for the fourth season dxing 1991/92 with special 

project funding frm Royal Netherlands G o v e m z .  The total area of faba 

bean increased by about 10% this season c-ing with previous season. 

Also the area of lentil had increased frcm 800 ha in 1990191 to 2600 ha 

this season. The 1991/92 season was ccqaatively cool and very conducive 

to crops. The overall proctuctivity of faba bean increased by 

nearly 80% and lentil by 30% capzed with the previous season. Increased 

productivity of faba bean created surplus for e x p c .  
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8.1.3.1. Faba bean 

The pilot production-demnstration program was conducted in the Nile and 

North provinces as he11 as in the non-traditional areas. Fdoption of the 

iqrwed package (early sowing, frequent irrigation and weed and pest 

control) increased seed yield by 44%, 38%, 33% and 6% respectivey, in 

Aliab, Wad Hamid, IWouchia and Sayal over the neighboring farmers, who 

followed traditional practices. These increases w e r e  highly econcmical 

(Table 8.1.6). 

Adoption studies in the Wad Hamid (traditional areas) indicated that 

farmers were selective in adoptirq the V n e n t s  of the recorm~nded 

production package. Moption was better in public than in private 

schemes. The least adopted ccqonent of the production package was the 

reccmwnded higher freguency of irrigation. 

Table 8.1.6. Effect of faba bean irproved package on seed yield (kg/&) 
and benefits, in Sudan, 1991/92. 

Lccation 
Aliab Wad Hamid IWouchia Sayal 

I ~ m v e d  package 2950 3671 4875 3260 
Farmers package 2045 2665 3674 3078 
% increase over farmers 33 38 33 6 
Marginal rate of 1762 1270 633 
return (%) 

Researcher-managed on-farm 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 



301 

yield and mre adaptability, could be re- for release in the 

traditional areas. 

In the back-up research on faba bean breeding genotps 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 misture stress. These lines could be 

candidates for future release. 

Weed infestation is a mjor production constraint for faba !zean in 

the traditional grcwing areas of northern Sudan. wriments revealed 

that Fursuit at 0.05 kg a.i./ha when tank mixed with Goal at 0.24 kg 

a. i . /ha gave effective broad- spectm wed control when sprayed before the 

first irrigation. When this chemical control treatment was supplemented 

with one hand weeding, it gave excellent wed control through-out the 

season and showed the highest seed yield increase of 43% (that is, an 

yield of 3.64 t/ha as against 2.53 t/ha with unweded check) . Hand 

weeding gave yield of 3.38 t/ha only. Stcmp (@ 1.2 kg a.i. /ha) could 

replace Goal in the m e  treatmt combhtion with equal efficacy. 

Leafminer (Liriwa 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 s M  that Danitol-S was the best 

chemical. However, there was no effect on seed yield. Evisect 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 develaped cultivars namely Hudeiba 72/2, SM-L 

(Selaim iproved),  Shambat 75 and Shambat 104 were purified under &- 

p m f  cages for  further mltiplication and eventual release t o  farmers. 

8.1.3.2. Lentil 

The main production area for lent i l  is Rubatab but Wad Hamid and Dongola 

are potentially important. The area under lent i l  is being attempted t o  be 

increased t o  reach self-sufficiency of this  legume. The plans are t o  grow 

9000 ha next season. To meet this aim, an improved pxrduction package of 

l en t i l  was d e m t r a t e d  in Wad Hamid and Rubtab areas in the Nile 

province. The improved package included early saving i n  the f i r s t  tm 

weeks of November, seed rate of 107 kg/ha, frequent irrigation (every 1 0  

days), weeds and insect pest control as  needed. In Wad Hamid no len t i l  is 

currently gxxhln by farmers, hence ccmparison there was made with chickpea. 

Lentil yield there, averaged over 5 locations, was 2.65 t/ha and a net 

revenue of (LS 185,373/ha) ($1=120 LS) which was substantially higher as 

ccnpared t o  that of faba bean and chickpea. At Rubatab, where farmers do 

grow lent i l ,  the improved package increased yield by 62%, and the net 

benefit by 70% compared t o  traditional practice, resulting i n  a high 

marginal rate of return of 2458%. The average yields i n  the 

demnstrations i n  -tab for l as t  three years have ranged between 1.65 

and 2.36 t/ha (average 1.96 t/ha) ccmpared t o  a range of 1.23 t o  1.47 t/ha 

(average 1.39 t/ha) for neighboring f-rs, giving an increase of 41%. 

The package developed a t  Rubatab was demonstrated i n  Dongola. The 

demnstration plots had an average seed yield of 1007 kg/ha. Extremely 

poor yield were prochiced by neighboring farmers, the average being 23 
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kg/ha. These pcor yields were minly 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 -tab a d  

Wad Hamid. Six pranising lines were evaluated in on-farm verification 

yield trials in both locations. The best lines were Premz, ILL 795 and 

ILL 813. Back-up research on planting wthods, seed rate and heed 

control revealed that, no significant differences 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 m n g  five 

seed rates tested, suggesting the possibility of using the low rate of 

35.7 kg seeds/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 Fursuit (0.05 

kg a.i./ha) mixed with Stomp 1.2 kg a /  or Goal (0.24 kg a.i./ha) 

gave as good weed control as hand weeding. Howwer, when Pursuit + Stomp 

was ccmbined with one hand weeding the yields were the highest. In 

another set of expriwnts weeds accounted for 12 and 59% reduction in 

yield of lentil aE Rubatab and Xad Hamid, respectively. Igran (1.5 kg 

a. i. /ha) + Ronstar (0.71 g a. i. /ha) gave highest yLeld at Rubatdo and 

Iqran (1.5 kg a. i . /ha) + Goal (0.25 kg a. i. /ha) gave highest yield at Wad 

Hamid. 
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8.1.3.3. C h i c k p a  

Demnstraticm of the impmed prduction package was continued in Wad 

Hamid, the main chickpea-growing area in Sudan. The improved package 

consisted of sowing the impmved variety 'Shendi' in mid-November with a 

seed rate of 60 kg/ha by broadcasting and ridging, supplemtary 

irrigation and spraying against insect pests. It was cmpred with the 

traditional practice by the neighbring farmers. The improved package 

gave average seed yield of 1639 kg/ha with an increase of 68% over farmers 

practice and 546% rnvginal rate of return. 

The exploratory survey of chickpea prduction in Hawata area in 

Central state revealed that about 1200-2000 ha are sown to chickpea. The 

crop is gnmm on residual misture when Rahad river rececks. The 

pi-oduction 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 promising lines were evaluated in on-fann 

verification yield trials in these locations. The best lines were I X  

631, ILC 1327 and ILC 1353. Back-up research on weed control revealed 

that spray with Pursuit + Goal and Fursuit + Stomp with or without hand 

weeding showed outstanding activity against weeds. The main disease in 

chickpea is root rot/wilt ccmplex caused by Fusarium o m r u m  f.sp. 

ciceri, Rrizoctonia bataticola and Rizoctonia solani. Screening of 92 

chickpea genotypes in the sick plot for m t  mt/wilt diseases, six 

genotypes showed resistance (ICC 82001, FLIP 85-20C, FLIP 85-29C, FLIP85- 

30C, UC 15 and ICCJ 2 ) .  National Scientists £ r a n  Sudan 
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8 -2. North African R e g i d  Progrw 

Ils in the past, ICARDA continued its collaborative research on food 

legwnes with the national programs in Algeria, Libya, Ivl>mco and Tunisia 

with ICWDA Regional Legme Scientist based at Douyet (near Fes) , ~IOCCO. 

The erphasis continued on germplasm enhancemt for the mjor production 

constraints, agroncmic aspects, and transfer of technology. A mjor focus 

continued to be the developrent of national research capabilities and the 

strengthening of regional network activities. Gnly 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 and avaiiable ix each country. 

8.2.1. Algeria 

The objective of the fccd legum research program in Algeria is to develop 

high and stable yielding vaneties suitable for mechanization, lack of 

which is currently constrainhg the m i o n  of their legune hectarage. 

In chickpea, research on winter m i ~ g  is being enmuraged considering its 

actvantage over the traditional spring sowing. In general, breeding for 

disease resistance and frost tolerance (for high elevation areas) receive 

high priority in the prcgram. 

8.2.1.1. The 1991/92 crcp s- 

The weather conditions were favorable for crop growth and yield. The 

early rainfall received between Septebr and Kovemtxr helped timely land 

preparation and sowing. December and January received little rainfall, 

but well distributed rainfall was received between February and June 

favouring crop growth and grain developent. There were regional 



variations: the rainfall was sub-optid in the central (ad Smr and 

Beni Slimane) and western regions (Saida, Tiaret, Sidi Be1 Abbes and 

Khemis ~eliana), and abxe n o d  in the eastern region (Khroub, Guelrna 

and Setif ) . 

8.2.1.2. Gemplasm enhancement 

Faba bean: A limited program on faba bean was carried out for selection 

for yield potential and adaptation, and seed production at Sidi Be1 kkes, 

and for Orobanche and Botrvtis resistance at 0-d Smr. Flum the North 

Africa regional yield trial-large ( m - L - 9 2 ) ,  11 entries that 

outyielded the check variety were selected. Similarly, eight lines were 

selected from the preliminary yield trials. Of the 10 lines evaluated in 

faba bean multilocation trial-I year (FRKLT-I), o m  line (S 84155-18-1-1- 

1) significantly outyielded all other test lines and the t w  checks. 

Variety FLIP 82-30FB was selected for purification and prerelease seed 

multiplication. 

Chickpa: Selection mrk was carried out at all the nine stations of ITGC 

(Sidi Be1 Abbes, Tiaret, Saida, Khemis kliana, Oued Smxr, Beni S l i m ,  

Khmh, &elm and Setif). International nurseries were gram at three 

stations (Sidi Be1 Abbes, Saida and Khroub) and yield trials at six 

stations (Table 8.2.1) . Preliminary yield trial was grown at all the nine 

stations. 

From CIF,N-W-92, seven selections each were made at Sidi B e 1  Abbes and 

Khroub. Seven selections were mde from CISN-SP-92 at Saida that yielded 

from 2500 to 3000 kg/ha. The n&r of selections made from CIYl-SP-92 



and 4-92 at each of the six stations is given in Table 8.2.1. Grain 

yields were best at Xhroub. One line FLIP 85-44C was selected in five 

stations whereas t w  lines, FLIP 89-26C and 89-62C were selected in four 

stations. Fxm CPYT, 86 lines wre selected at nine stations, and 33 

lines were selected for multilccation trials for 1992/93. Fkan the 33 

lines that were evaluated in multilccation trial-I1 year, 10 lines (FLIP 

81-293C, -83-93C, -84-93C, -84-102C, -84-109C, -85-28C, -85-48C, -85-55C, 

-85-94C and -90-10C) were selected for the national yield trial next year 

(CPNkT-93) . 

Table 8.2.1. Chickpea lines selected f m  international yield trials at 
six different stations of IEC, Algeria, 1991/92 season. 

Station Trial No. of m e  of grain 
selections yield (kg/ha) 

IChroub CIW-m-SP/92 5 2660 to 3500 
CIn-MR-W/92 5 2720 to 3870 

Tiaret CIYT-MR-W/92 5 2100 to 2800 
W S m a r  CIY--MR-W/92 6 - -  
Beni Slime CIV-Mi-W/92 4 1300 to 2600 
Sidi  Be1 Abbes CIYl-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 wrk was carried out at seven ITGC stations. LISN-T-92 

was raised at Tiaret whereas LIW-L-92 and LIW-S-92 at three and four 

stations, respectively (Table 8.2.2) . LPYT was grown at all the seven 

stations. 



Table 8.2.2. Lentil lines selected from international yield trials at 
four different stations of ITGC, Alqria, 1991/92. 

Station Trial No. of Range of grain 
selections yield (kg/ha) 

Sidi Be1 Abbes LIYI-L-92 5 2000 to 2300 
Tiaret LIYI-L-92 1 1030 

Setif LIYT-L- 92 3 
Sidi Be1 Abbes LIYT-S-92 5 

Tiaret LIYT-S-92 6 
Setif LIYT-S-92 2 
Beni Slime LIYT-S-92 7 

From LISN-T-92, five lines with a grain yield of 1800 to 2000 kg/ha 

were selected at Tiaret. The number of lines selected frcm LIYT-L- and - 

S-92 are given in Table 8.2.2. Of the 98 lines evaluated in LPrr at seven 

stations, 10 were selected for the rnultilocation trial-I year. From the 

multilocation trial-I1 year, nine lentil lines (81838326, FLIP 84-144L, - 

84-145L, -85-33L, -56-02L, 87-02L, -87-35L, -83-52L and -88-OIL) were 

selected for the national yield trial-93 (m-93). Three varieties have 

been identified sofar for release for general cultivation. These are 

Balkan 775, L.B. Redjas and Setif 618. 

Pea: Only a limited program on pea is carried out at three ITGC stations, 

viz., Sidi Be1 Abbes, Khemis Meliana and Tiaret. The majority of the 

varietal material comes from the Pea International Adaptation Trial (PIAT) 

supplied by ICiXDA. Of the 13 lines that were selected from PIAT-92 at 

Sidi Be1 Abbes, two (LE 25 and Syrian Local Ale-) significantly 

outyielded all other test lines and check. Six selections were mde from 

PIAT-92 at Tiaret (grain yield range of 1240 to 1750 kg/ha) and four at 
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Khemis Meliana. Frcm the preliminary yield trial PFY-92, two lines (M3 

102369 and LE 251, with grain yields of 3300 kg/ha canpared with 2900 

kg/ha of check (SBA 184), were selected for testing in m T - I  year. SV 

51741, the best yielding line (4090 kg/ha), was selected for seed 

multiplication. Tv.0 lines, Ballet and Early Dswn were selected at Khemis 

Meliana. 

8.2.1.3. Pathology 

The work on food legume patholcgy is conducted at IN-El Harrach, and four 

IltX stations, viz., Sidi Eel Abbes, Guelm, Gued Srar and Khroub. 

Detailed work on chic- asoxhyta blight and wilt is done at INA, 

whereas field screening for ascochyta blight is done at Sidi Eel Ahbes, 

Gued Svar  and Khroub, and for wilt at Guelm. 

Disease surveys indicated the importance of asccchyta blight on 

chickpea, faba bean and lentil in Sidi B e 1  Abbes, Saida, Tiaret and Khemis 

Meliana regions. Viruses (BBMV, BYW and BI2.V) were recorded on faba 

bean. Parasitic plants Orobanche crenata h g e d  faba bean and lentil, 

and Chscuta spp. dawaged chiclcpa. 

c total of 17 chickpa lines were selected for resistance/tolerance 

to asccchyta blight from CIABN-A-92. These included six at Sidi Be1 

Abbes, three at Cmed Srar, and eight at Khmub. The six lines that shornFed 

tolerance in severe epiphytotic conditions at Sidi Be1 Abbes were FLIP 88- 

83C, -88-85C, -88-86C, -88-86C, -88-87C, -89-llOC, and -90-112C. Four 

other lines that showed tolerance to asccchyta blight m the national 

asccchyta blight nursery were FLIP 84-92C, -84-93C, -88-82C and 79W-101- 
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2. Flrom LIFWN-92, five lentil lines were selected at Beni Slimme. These 

are ILL 241, ILL 813, EL 42, FLIP 82-37L, and -90-20L. At Oued Smr,  six 

faba bean lines with good resistance to Orobanche were selected frcm 

FBKRRON-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 made for 

Cmhnche resistance fran 16 lines tested in another nursery. 

8.2.1.4. Pgranany 

Early swing of chickpa continued to yield higher; the best period being 

IRcember in the humid zone (0.14 flnar), December to January in the high 

plateau zone, and January in the sub-humid zone (Khrcub) . For lentil, the 

best saving time was November to December in inland areas, and IRcember to 

January in high plateau areas. Optimum plant densities for chickpea were 

found to be 50 to 70 plants/m2 for coastal and subcoastal areas, and 35 to 

50 plants/m2 for high plateau areas. In chickpea, 50 cm row to row 

spacing facilitated mechanical weeding and provided better grain yields. 

For lentil, 180 to 210 plants/m2 were found optimum planting densities. 

Herbicides Igran + Kerb provided the best weed control in lentil. 

Algerian Naticmal Prqcam Scientists and S.P.S. Beniwal 

8.2.2.  Libya 

8.2.2.1. Trial sites and cmp s- 

Experiments were conducted at different locations to cover different 

agrogeographical regions: Tajoura and Zahra in the Western region, 

Misurata in the Central region, El-Safsaf and El-Marj in the Eastern 

region, and Sebha in the Southern region of Libya. Like the previous 
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season, the 1991/92 crop season also received sub-optiml rainfall (250 

mn) in the Western region which adversely affected crop growth and 

phctivity. This encouraged wilt/mt rot diseases in chickpea, and 

virus diseases and holate spot in faba bean. The Eastern region 

received high munts of rainfall (900 mn) during the growing season which 

encouraged the developmt of ascochyta blight in chickpea. 

8.2.2.2. Gemplasm enhancement 

Faba bean: Five trials/nurseries conducted included nationalyieldtrial- 

d l  seed (FWW-S-92) and -large seed (F'BIW-L-92), North Africa 

regional yield trial-large (FBlPRYT-L-92) and adaptation trial (FBAT-92). 

No significant yield differences were obtained m n g  varieties in FBNYT-S- 

92, FBNYT-L-92 and FBAT-92, although Relna Blanca was the best yielder 

(5300 kg/ha) in FBAT-92. In FEN4RRYT-S-92, six lines, viz., FLIP 85-28B, 

S83118-12-2-1, B87149, FLIP 84-46FB, -84-48FE and S 82002-11-1-1, yielded 

significantly better than the ozher test lines and the checks. Similarly 

in =kT-L-92, five entnes, viz., Aq~adulce, Xeina aianca, S 822033-7- 

1-I-, 647-2, and FLIP 84-118E3, sigzificantly outyielded the lxal check 

and the other test entries. 

C h i d p a :  Three trlals were conducted. The ch1c:cpea :r.remational yield 

trial-winter-Medi~errb~ean reglon-1992 iCIkT-W-MR-92) with 24 sr.tr:es was 

conducted at El-Safsaf station. The grain yleid ranged frm 36'2 :c 188C 

kg/ha. FLIP 89-38C and FLIP 89-29C were s~gnificantiy bigher y1eldir.g 

than the standard check, ILC 484. The lowest yielder was AXIF 8 3 - 2 6 C .  

Ten lines were selected for the national yield trial next ye&- i Q W - W -  



3 1 2  

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 El-Maf station. The grain yield ranged from 130 to 680 kg/ha. Six 

genotyps 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 1 7  November at Sebha station, the local cultivar 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 

ke planted earlier next season. 

Lentil: Three trials were conducted. The lentil international yield 

trial-small seed-92 (LIYT-S-92) with 24 entries was grown at El-Safsaf 

station. Nine entries, which were not significantly different from each 

other, yielded mre t k  the other varieties including the check. The 

lentil adaptation trial-1992 (LAT-92) with four lentil genotypes was grcwn 

at Sebhz statlon. Due to seeding mrtality, high shattering and high 

tempera:ure, very l3w seea ylelds were obtained. The results indicated 

tkat Sebha area :s not suitable for growing lentils. 

Pea: Three trials were conducted. The pea international adaptation trial 

(PIAT-92) was raised at Zal-xa ard Sebha stations. No useful yield data 

could be obzained because of blrd and wild animal damage at Zahra and 

physical rmxture of different lines at Sebha because of excessive growth 

and narrow row spacing. The trial will be repeated during the next season 
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at both stations. However, several entries at Sebha (Blanda, Calypso, 

Solara and Chantal) appeared prcdsing. F'ran the national yield trial (B) 

with 13 entries conducted at Tajoura station, seven entries Wirrega, kcal 

Sel. 1690, Syrian Local, M; 102583, Solar, IG 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 the 

check. 

8.2.2.3. Pathology 

Fuphasis in pathology continued on chocolate spot and rust of faba bean, 

and ascochyta blight and wilt of chickpea. In the £ a h  bean rust nursery- 

1992, three entries (R 8810, R 888 and R 8824) maintained their moderate 

resistance to the disease. These will be yield-tested in the next season. 

In the faba bean chocolate spot nursery-1992, three entries (B 88140, - 

88111 and ILi? 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 El-Safsaf under artificial epiphytotics. The susceptible 

check (ILC 263) was completely killed by the disease. Only six lines 

rated resistant (rating <5 on 1-9 scale) : FLIP 90-112C, FLIP 88-87C, FLIP 

89-62, FLIP 88-86, FLIP 89-llOC, and FLIP 84-133C. Five lines were 

moderately resistant (rating 5): FLIP 84-93C, 88-85C, -88-82C, -88-83C, 

and 89-27C. Hmever, all the five test lines in the national ascochyta 

blight nursery-1992 (FLIP 87-51C, -83-47C, -87-504C, 87-507C, and -84- 

112C) at the same stationwerekilledalongwiththe13calsusceptible check. 



Fourteen chickpea lines were tested in the North Africa regional 

asccchyta blight trap nursery-92 (CPRABTP-92) at EL-Safsaf station. Five 

lines here rated 2-3 on a 1-9 scale. These were ILC 195, -3279, FLIP 84- 

92C. ILC 482 and -i82. However, in the chickpea intemationl fusarium 

wilt nursery-1990 (CIFWN-90) at Tajoura station, all the lines were killed 

due to severe wilt. 

8.2.2.4. Agruncq 

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-- spacings (30, 40, 50 

and 60 cml was conducted in a randomized complete block design with four 

replications for the second year at Zahra. Sowing ktween 1 Oct and 1 Nov 

with 30 cm ray spacing gave better grain yield. than 15 Nov sowing. This 

trial is concluded and the result will be verified at stations and 

farmers' fields during the i992/93 season. In the faba bean planting 

density trial-91 conducted at Zahra station with four inter-row (30, 40, 

50 and 60 cm) and four intra-row spacings (5, 10, 15 and 20 cm), no 

significant grain yield differences were observed betweentreatments. The 

£a h  bean weed control trial-1992 (FBWCT-92) was conducted at Zahra and 

Sebha stations. Of the eight treatments at Zahra tested, the weed-free 

treatment yielded highest (2100 kg/ha) , while treatments no. 8 (Kerb + 

Tribunil, preemergence) and 6 (Kerb + Fortml, preexergence) gave higher 

qain yields (1900 and 1800 kg/ha, respectively) than other chemical 

treatments. At Sebha, only seven treatments were tested. Treatment No. 

6 (Kerb + Maloran, preemergence) gave highest grain yield of 3400 kg/ha 

compared with the weedy-check that yielded 2000 k g h .  
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In the chickpea weed control trial-1992 (CPWCT-92) , seven weed 

control treatments were tested at El-Safsaf. These were : (i) weedy- 

check, (ii) weed-free, (iii) hand-weeding twice, and preemergence 

application of (iv) Waloran + Kerb, (v] Igran, (vil Igran + Kerb, and 

(vii) Tribunil + Kern. Weed free, hand-weeding twice, and Tribmil + Kerb 

treatments proved gccd. Iqran treatment caused phytotoxicity and reduced 

yield. 

Libyn Natimal Prcgrw Scientists and S.P.S. Beniwal 

8.2.3. MOICCCO 

8.2.3.1. The crop s- 

A severe drought occurred in mst parts of Morocco due to very little or 

no rainfall from November to January. The effect was especially severe in 

the "favorable-rainfall" zone of the country wherz complete crop failures 

occurred. The effects wre less severe in the Prr-Rif and parts of 

Chaouia regions. Because of the drought, the developrent of chocolate 

spot, asccchyta blight and mbanche on faba bean was rather limited. 

Very little or 1-0 ascochyta blight developed on chickpea, and no rust 

developed on lentil. 

8.2.3.2. Gernplaam enhanc-t 

Gemplasm erhncemenz councinued to be the mjor ob1ect;ve of the national 

fccd1egm-e program in Morocco. The national pmgram continuedto receive 

chickpea and lent~l material from ICARDA in =he form of international 

nurseries and yield trials. It was the third and last year of the 

ICARDA/INRA-Morocco faba bean imprwement prwan at muyet. 
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Faba bean: The objective of the faba bean program are to (i) dewlap high 

and stab1.e yielding varieties with resistance to Orobanche, chocolate 

spot, ascochyta blight, rust and stem nematodes with acceptable quality 

traits, (ii) alter plant architecture and ideotype to control vegetative 

grcMrth, flower and pod drop and convert faba bean into a self-pollinated 

crop, and (iii) identify appropriate cultural practices to increase yield, 

reduce cost of production and/or increase farmer's revenues. Because of 

the drought situation at Douyet which is the major site for all the faba 

bean improvement research in Morccco, all the trials and nurseries failed. 

However, the segregathg ppulations and crossing blcck entries were saved 

by limited tank irrigation. 'PC Orobanche-tolerant faba bean lines (Sel. 

88 Iat. 18009 and -18035) were tested in the faba bean national catalogue 

trial (NCT) 

Chic-: The objective of the chickpea program continued to (i) 

characterize and evaluate gemplasm for desirable characters includinq 

adaptation to both winter and spring sowing, and (ii) develop large- 

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 per the objectives, the major thrust was on the 

evaluation of different types of materials for yield and asccchyta blight 

resistance. A total of 600 chickpea lines were tested for desirable 

traits through different nurseries and trials. These consisted of five 

nurseries (including asccchyta 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 regional yield trial. 
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A total of 168 naclonal germplasm accessions were also evaluated. Also, 

base seed increase was done. All the trlals and nurseries were harvested 

except for spring-savn trials at Jenaa Shaim which failed due to &- 

optimum rainfall. 

Winter-sown chickpea outyielded spring-sown crop at all locations 

except at Douyet where late season rainfall during Yarch-June specially 

benefitted spring s m  crop. At Merchouch, in spite of sub-optimal 

rainfall early in the season, winter-sown crop gave nearly 40% mre 

production than spring-savn crop. Winter sawing was most promising at 

J e w  Shain where spring-sown planted chickpea did not give any seed 

yield. Three chickpea lines (FLIP 84-79C, -84-145C, and -84-182C) were in 

the first year of the national ca~alogue trial (NCT) whereas FLIP 84-93C 

was in the second year of testing. TK c:hickpa cultivars, FLIP 84-92C, 

and -83-48C were released for general cultivation under the m s  'Dauyet' 

and 'FSzkil, respectively. 

Lentil: The primry objective of the lentil improvement program is to (i) 

develop early, erect and Egh and stable yielding varieties with 

resistance to rust and god quality characterisZics, ar.d (iij develop 

appropriate cultural practices w~th special emphasis on mechanical 

:harvest. Genetic rraterial utilized in the lentil Improvewnt program 

ilvolveci germplasn collections of local and lntrduced genotypes, lines 

provideci by ICARDA for evaluation, and lines £ran previous screeninq 

nursei-ies a?d prellmnaq yield trials selected for further evaluation. 

A total of about 500 lines were tested thro~gh different nursery and yield 
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trials. These consisted of a rust screening nursery, four preliminary 

trials (LIYE-92, L I n - S - 9 2 ,  and LIkT-L92, and LPY-S-921, an advanced 

yield trial (LNAYT-92), two national yield trials (ml"FS-92 and m - L -  

9 2 ) ,  and a North Africa regional yield trial. Base seed of 32 lentil 

lines was multiplied in small plots at Sidi El Aidy. 

Lines selected from different trials included six from LIYT-E-92, 

five from L m - S - 9 2  and five from LIYT-L-92 for m - 9 3 ;  seven lines from 

LPY-S-92 for M - 9 3 ;  one line from lentil North Africa yield trial for 

INIT-93. Because of the unfavorable weather conditions, about half of the 

lines from DIRT-92 and LINYT-92 will be retested during the 1992/93 crop 

season. Lentil lines ILL 6002, -6209 and 6212, that ccmpleted twu years 

of testing in the national catalogue trial (NCT), were found to do well iri 

the semi-arid region of Wrccco. They will be considered for release for 

this region. Line ILL 6001 now has completedtwo years of testing in NCT 

and a verdict on its future is awaited. 'Dm lentil lines, viz., FLIP 86- 

16L and 86-21L were in the first year of NCT. 

8.2.3.3. Pathology 

Major emphasis in pathology continued to be on screening for resistance to 

chccolate spot, ascochyta blight and Grobanche in faha bean, asccchyta in 

chiclcpea, and rust in lentil. Drought adversely affected natural disease 

development in the field. Hourever, 40 entries of the CIABN-A-92 were 

screened under artificial inmulation conditions in a glasshouse at 

Settat. Lines that showed derate resistance (a score of 5 or less on a 

1 - 9  scale) included FLIP 83-48C, -83-71C, -83-98C, -84-79C, -84-80C, -84- 



8.2.3.4. Agxmany 

All the agronomy trials on faba bean at buyet failed because of the 

drought. Results of a chickpea trial at Douyet indicated that variety 

FLIP 84-92C at 50 cm row to row spacing with pre-emergence Igran treatment 

for weed control provided better grain yields over farmer's local variety. 

Momccan Naticnal pmSram Scientists and S.P.S. Beniwal  

8.2.4. Tunisia 

8.2.4.1. The crop seasan 

The weather in general was favorable for crop growth and developnt. 

Rainfall was well distributed over the crop season. The Le Kef region 

received raim during the spring as wll. The minim temperatures during 

January were below zero at Beja and Le Kef. A l l  this resulted in delayed 

maturity but good crop growth an5 grain yield. The general weather 

conditions encouraged chocolare spot and ascochyta blight ir- faba bean, 

and ascochyta blight and wet root rot in ckickpea in certain areas. 

8.2.4.2. Gernplasm enhanc-t 

Faba ban: A total of 13 yield trials and nurseries were conducted cn 

faba bean large and m l l .  Of these, nine were conduczed both at Beja and 

Oued Meliz. For faba bean-large, wan ylelds were 4390 kg/;% and 4083 

kg/ha at Beja and Oued Meliz, respectively. For faba bean-sm11, me&? 

yields at these locations were 3680 :<g/ha, and 3579 kg/ha, respectively. 
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At B e j a ,  faba bean-large lines S 83182-1, M 82025-39, ME! 89 FB 11 and S 

83181-53 yielded 5500, 5400, 4800 and 4600 kg/ha, respectively, compared 

with 4500 kg/ha of the Local large (Fig. 8.2.1) . At Cued Meliz, faba 

bean-small lines S 83181-53C, S 83182-22, MB 89 FF 11, M 82025-39 and S 

83182-1 yielded 5400, 5500, 5300, 4800 and 4500 kg&, respectively, 

campared with 3800 kg/ha of the Local large (Fig. 8.2.1). 'Itnro lines of 

LOCAL LARGE -1 
0 1000 2000 3000 4000 5000 6000 7000 

Gra in  y i e l d  (kg/ha) 

BEJA 0 . M E L I Z  

Figure 8.2.1. Yield perfomce of ?are selected large faba bea? 
cultLvars 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-a were selected for pre-release 

multiplication and registration. P.e f o m r  :has 100-seed weight of 158 g 

(better than Acpadulce) and a 19% higher grain yield than Aqmdulce. It 

has Tree? pods and is less susceptible to ascochyta bligh: than Pquadulce. 

Line S 82113-8 has a lOC-seed welght of 126 g, and it yielded 15% higher 

than the local cultivar over a 5-year period (1988-92) . It provided a 21% 

yield ahantage over the local ,~ariety in &y areas. It's green pods are 

similar to those cf Chemlali, ma it is tolerant to ascochyta blight. 

A n u h r  of h~gn yielding lines in faba bean-dl seeded type were 

identified. These mcluded FLIP 84-59FB, FOL 10, LPF 044 and POL 3 (Fig. 

8.2.2), and yielded 5500, 5300, 5100 and 5000 kg/ha, respectively, 

FLIPB4-59FB LPF 044 POL 3 POL 10 LOCAL S M A L L  

BEJA 0 . M E L I Z  

Figure 8 . 2 . 2 .  Yield perfomce of scm selected m i l  faba bean 
mltivars at B e j a  and Cued Meha stations in Tunisia, 
1991/92 crop season. 
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cmpred with a yield of 4300 kg/ha of Local -11 at Oued Meliz. At 

Beja, these yielded 4200, 4900, 4400 and 4500 kg/ha, respectively, 

compared with a yield of 3800 kg/ha of lacal m11. Line FLIP 83-106FB 

was discarded for further use because of its susceptibility to asccchfca 

blight. M of the alsove lines, FLIP 84-59FE and POL 3 were selected for 

pre-release multiplication and registration. FLIP 84-59FB has 100-seed 

wight of 58 g compared with 52 g of Lccal -11. It outyielded the lmal 

cultivar by 10% over a 5-year period (frcm 1988-92). In favorable years, 

it provided a 16% yield advantage over the local check. It is tolerant to 

asccchyta blight. Line POL 3 has 100-seed weight of 55 g. It outyielded 

the local variety by 17% over a 5-year pricd (1988-92) and provided a 14% 

yield advantage in favorable years. It has tolerance to asccchyta blight 

and exhibits a wide adaptation. 

Chickpea: The mean yield of 2850 kg/ha was obtained from winter chickpeas 

at Gued Meliz. The figure for Beja was only 1040 kg/ha which was due to 

some trials falling on wilt-affected portions of the field. Line FLIP 90- 

170C was the highest yielder (5600 kg/ha) under winter sowing at Oued 

Meliz whereas line E'LIP 90-13C was the highest yielder (4800 kg/ha) at 

Beja. m n g  spring-sm chickpea lines at Beja, line FLIP 90-12C was the 

highest yielder (3350 kg/ha). The twa lines identified for registration 

earlier, viz., INRAT 88 (FLIP 84-92C) and INRAT-87 (FLIP 84-79C) yielded 

3000 and 2500 kg/ha, respectively, in winter swing at Gued Meliz (Fig. 

8.2.3). However, only one line, INRAT 88, will be registered. 



Local 4 8 2  C h i t o u i  K a s s ~ b  FS4-92C FR4-79C 

Figure 8.2.3. Yield performance of some selected chickpea lines at Beja, 
Cued Meliz and Kef stations in Tunisia, 1991/92 crop 
season. 

Lentil: In lentil, ma? ylelds at Beja, Oued Wliz md Le Kef were 2C70, 

2660 and 1770 kg/ha, respectively. The highest yielders were FLIP 86-35L 

at Beja (3900 kg/ha) and GuedMeliz (3160 kg/ha) and FLIP 90-27L at Le Kef 

(2630 kglha). Yields at LE. Kef were low possibly because of excessive 

humidity prevailing during the spring. The good perfomce of FLIP 84- 

58L was confirmed (Fig. 8.2.41. It yielded 21% mre tha Nefza and 42% 

mre than Nsir (ILL 4400). Thus, :t is selected for pre-release 

multiplication and registration. Also, good perfomce of W 85 was 
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confinred as  it outyielded Nsir by 17%. This variety is early and thus 

useful for late-planting situations. I t  i s  of a nucrospem type. 

Local  N S I R  XEFZA 78526002 W85-1345 84-58L 9G13L 

BEJA [ZZZIIKEP =Mean 

Figure 8.2 .4 .  Yield p e r f o m c e  of scme selected lent i l  lines a t  Beja, 
Cued Meliz and Kef stations i n  Tunisia, 1991/92 c r q  
season. 

Pea: Good mean t r i a l  ylelds were obtained a t  Beja (2410 kg /h)  and Cued 

Meliz (2650 kgjha) compared with Le K e f  (1810 kg/ha) . Line PS 210713 was 

the highest yielder (3500 kg/ha) at  Beja, line Didole a t  Cued Meliz (3360 

kg/ha) and Collegian a: Le Kef (2270 kg&) . Mean yields of these three 

lines were 2540, 2700 and 2760 kg/&, respectively, a t  Beja, Oued Meliz 

and Le Kef. 



325 

8.2.4.3. Patholcgy 

In faba bean, wark on Gmhnche (bth 0. fcetida and 0. crenata) included 

screening for resistance, integrated control, and seed-load studies. Of 

the BPLs tested for 0. fcetida during the 1990/91 and 1991/92 seasons, two 

lines (BPL 324 and -407) shdresistance, and 10 lines (BPL 011, -016, - 

017, -190, -214, -226, -248, -467, -484, and 486) showed moderate 

resistance. Also, twa lines (S 18054-S and 8/9-128) from the North Africa 

regional Orobanche nursery and one line from Egypt (402/29/841 also s h d  

good resistance and high yield potential. All these lines along with other 

premising ones will be retested during the 1992/93 crop season. 

A field trial on integrated control of Q. fcetida on large-seeded 

local faba bean was conducted at Be j a using three herbicides (Imzethapyr , 

75 g a.i. /ha, pre-emergence; glyphosate, 2x70 g a. i. /ha, post-emergence; 

and imzaquin, 2x15 g a. i. /ha, post-emrgence, at the parasite attachewnt 

stage and 15 days later) combined with two sowing dates (noml, 11 Nov 

and late, 20 Dec) . Application of imzaquin combined with late sowing 

permitted a total control of Orobanche. Imazaquin applied at the n o m l  

sowing date and imzethaw at late and .?om1 sowing date gave the best 

yields. The growth of faba bean plants was adversely affected by 

glyphosate and imzaquin. 

In a pot study at INRAT, Ariana the reaction of Aguadulce, Sel 88. 

Lat. 18035 and 8/9-128 to different destation levels of Q. crenata was 

evaluated. Results obtained confid the resistance of Sel 88. Lat. 

18035 and 8/9-128 to Q. crenata. With the highest level of inoculum 
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(904.8 n r ~  of Orobanche seeds/pt), the line 8/9-128 seems to be more 

resistant to Q. crenata than Sel. 88. Lat. 18035. Increasing Orobanche 

inoculum level resulted in a decrease in the dry weight of faba bean 

plant; this decrease was more mnspic~ms in Aguadulce than in the 

resistant lines. 

Good resistance to asccchyta blight (A. fabae) was identified in faba 

bean lines 29H and BPL 472. Lines S 84176-3-1-1-1 and BPL 365 showed 

resistance to stem infection and tolerance to pod infection. Ten isolates 

of 8. fabae were studied for their cultural characteristics like 
morphology, gowth, sprulation and size of spores on three media. The 

same isolates will be used for their pathqenicity and phytotoxicity using 

their toxins on isolated chloroplasts. 

Large-scale field screening of chickpea for asccchyta blight 

resistance was done at Beja and Oued Meliz. Gnly 5% of the lines tested 

at Beja and 2% of the ones tested at Oued Meliz showed a rating of less 

than 4 on a 1-9 rating scale (Fig. 8.2.5). Variety INRAT 87 showed 4.4 

of ascochyta blight reaction (on 1-9 score) 

EEJA O.UEUZ 

Figure 8.2.5. Frequency of chickpea lines in different classes of 
reaction to asccchyta blight (based on 1-9 score) when 
tested at Beja and Oued Meliz stations in Tmisia, 1991/92 
crops season. 
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and 5.1 rating at Beja and Cued Meliz, respebively. Similar ratings for 

INRAT 88 *re 4.8 and 5.8. For chickpa wilt, 17% of the 524 lines tested 

s k w d  no wilt incidence (Fig. 8.2.6) . Three percent of the lines shmed 

1-20% wilt, whereas 7% of the lines shad mre than 51% wilt. 

The use of A. rabiei toxins on isolated chloroplasts was perfected as 

a screening technique for resistance to asccchyta blight. The results 

obtained s W  highly psitive correlations with those of the field 

screening. 

Wilt incidence ( % )  

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 technolcgy 

Cemnstration of the improved package in winter swing of chickpa with 

tvm new varieties (INRAT 87 and -88) resulted in a 100% yield advantage 

over the spring-sown chiclqsea. 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 Technolq(y 

Transfer Project, gave useful results. 

H. Halila, other Tunisian Natimal r-1 Scientists and S.P.S. Ben iva l  

8.2.5. Provisicn of trials and nurseries to the n a t i d  progams in 

North Africa 

Relevant gemplasm 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. iikkr 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 

Algeria 11 9 3  3 3  14 11 2  1  2 7 2 1 3 3 3  
LibVa 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  - 3 4 1 1 2 - -  

Total 19 17 7  5 5 50 22 5 1 7 4 4 0 7 5 5  

a C = chickpea; L = lentil; P = pea; V = vetch; and LT = lathyrus. 



and segregating populations details of which are sumized in Table 

8.2.3. Theses trials/nurseries ccmplmted the national. and regional 

trials/nurseries that were developed in collaboration with the national 

8.2.6.  Regional Yield Trials and Nurseries 

Several regional yield trials a,?d nurseries developed by the participating 

countries were conducted during the 1991/92 crop season (Table 8.2.4) . 

These included t m  yield trials in faba bean (FBNXW-L and FBNARD-SI , 

one in ckicwa (m'l"r), one in lentil (=IT) , one Gmbmche nursery in 

faba bean (FEWtON)  and one asccchyta blight trap nursery (CPABW) and one 

wilt trap nursery (CPWINI in chickpea. &tailed results will be reported 

in a separate report and only a sumnuy of results are presented here. 

Table 8.2.4. Regional yield trials and disease nurseries carried out in 
North Africa, 1991/92. 

Activity Responsibility kcat ion*/Country 

A. Yield trials 
1. FBI@XYl-L-92 Morocco 

OM (Misia) ; ZH (L&I 
2. FBI@Xm-S-92 Y~rccco DY (Morocco) ; CM (Tunisia) 
3. CPNWSI-92 Tuisia MC, JS (Morocco) ; TS (Algeria) ; 

m,CM (Tmisia); SF (Libya) 
4 .  LNARk7-92 Morccco MC, JS (Morocco) ; ZD (Algeria) ; 

BJ,M"1 (Tunisia) 
B. Disease nurseries 
1. FBRON-92 Morccco - 

BJ ( W s i a )  
2. C P A B ~ - ~ ~ * *  Tw.isia/Algeria Ey,K (Wmco) ; SEA (Algeria) ; 

BT (Tunisia) ; SF (Libya) 
3. CPKP-92** Tunisia IH (Mowco) ; SBA (Algeria) ; 

BJ (Tunisia) 

DY=muyet; TS=Tessala; OM=Oued Meliz; ZH=Zahra; MC=~chouch; 
JS=Jema S:wim; W=Be ja ; SF=Saf saf ; DZidene ; SBA=Sidi Be1 Abbes ; 
IH=IAV HII-Rabat . 

** In collaboration with the UNDP/l%yhreb Disease Project 
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8.2.6.1. Faba bean 

The EBNARYT-L-92 with 24 entries including two checks was planted a t  four 

locations in the four countries (Table 8.2.5) . Results could not be 

obtained from Douyet (i%mco) because of the drought. Best mean yield of 

3993 kg/ha was obtamed from Gued & l i z  (Dmisia) followed by Tessala 

(Algeria) of 2640 kg/ha ad mth  lavest (1060 @/ha) from Zahra (Libya) . 
Over the three locations, variety L 82007-11-3-1-1 was the top yielder 

(2940 kg/&) follahffd by FLIP 87-147W, S82 2030-7-1-1, Aquadulce and 

79S4. 

'The FWPRYT-S-92 with 24 entries including a l d  check was  planted 

a t  Zahra (Libya) , Oued Mellz (Tunisia) and Douyet  morocco) (Table 8.2.6) . 
Results from E~uyet were not available because of drought. Over the t v u  

locations, line FLIP 85-28W was the top yielder (3990 kg/ha) followed by 

S 83118-12-2-1, FLIP 84-48FB, -85-85-FB and -84-46FB. 

The FBRON-92 with 17 entries, including two Orobanche susceptible 

checks, was grown a t  Beja (This ia ) ,  Cued S m r  (Algeria) and D3Uyet 

(lubrccco) (Table 8.2.7). Results from Douyet were not available due t o  

drought. In Tunisia, the susceptible checks (Seville and &paddce) 

showed 5.3 Orobanche shcots/plant. In Algeria, Seville and W d u l c e  

developed 13.6 and 20.9 shoots per plant, respectively. The six lines that 

e r e  considered resistant in bth W s i a  and Algeria ( c  3.5 shoots/plantb 

were 8/9 72, 8/9 85, 8/9 128, Se1.88 ht.18054-S, -18035-5 ad -18009-S. 



Table 8.2.5. Seed yield of lines in the faba kean North Africa regional 
yield trial-latge-1992 ( m m - L - 9 2 1  . 

Line 

80544027 
80580028 
REINA m a  
582408-1-2-3 

REINA m a  - 
m I A R G E  
m m  

SEVlLLE 
NJmf.mTmm 
Local check I 
Local check 11 

Yield (kg/ha) 

Algeria Libya Wnisia Mean 
(Tessalal (zahra) (aed Meliz) 



Wle 8.2.6. Seed yield of lines in the £&a bean North Africa regional 
yield trial-S%ll-1992 (FBlQRYT-S) . 

Line Yield (Kg/ha) 

Libya Tunisia Mean 

L82 012-21-1-1 1330 
L83 149-25-6-5 1360 
L83 150-77-1-1 1180 

18035 1010 
18009 1130 
m a 1  small 

Local small 890 

Mean 1530 4614 



Table 8.2.7. Results of the regional faba bean Orobanche nursery-1992 
(FBRON-92). 

mtrY No. of Orobanche Orobanche susceutiblity 
shoot cer ~lant ratinq (1-9 scale) 
Beja OuedSmar Beja Oued Smx 

1. Se188 Lat.18009-S 0.7 3.5 1 1 
2. Se188 Lat.18009-M 1.4 6.2 3 5 
3. Se188 Lat.18009-L 2.1 10.1 5 3 
4. Se188 ~at.18025-s 1.2 5.7 3 3 
5. Se188 Lat.18025-M 1.1 4.1 3 3 
6. Se188 Lat.18035-S 0.6 2.9 1 1 
7. Se188 Lat.18035-M 1.1 5.0 3 3 
8. Se188 Lat.18054-S 0.5 3.3 1 3 
9. Se188 Lat.18054-M 1.5 5.8 3 3 
10. Se188 Lat.18035-L 1.5 6.0 3 3 
11. Se188 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 1 
15. 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 

The W Y T - 9 2  with 16 entries was grown at Tessala (Algeria), Safsaf 

(Libya), Jema Shairn and Wrchouch (Morocco), and Beja and Oued Meliz 

(Tunisia) (Table 8.2.8) . Best rean yield (4793 kg/ha) across locations 

was obtained from Safsaf (Libya) followed by 2760 kg/ha at Oued Meliz 

(Tunisia) and w~th lowest of 510 kg/& from J e w  Shaim (Morocco) . The 

lines that are c m n  in the best five yielders in different locations 

were FLIP 84-144C, 82-150C, -84-79C, -84-i46C, -84-93C, -83-48C, -84-92C, 

-84-182C and -84-145C. Over the six locations across the four countries, 

FLIP 83-48C was the tap yielder (2264 kg/ha) followed by FLIP 84-144C, - 

84-182C, -82-150C and -84-79C. The man yield of FLIP 84-92C, which is 

already released in Algeria and Morocco and identified for registration in 



W s i a ,  was low because of its p r  yield levels in Ebroocx, due to the 

drought situation. 

Table 8.2.8. Results of the chickpea North African regional yield trid- 
1992 (CNARYT-92). 

Line Yield (ks/ha) 
Algeria Tunisia I~=VZCO Mean 

( 7 3 )  ' (w)' (a)' (JS)'-(PC)' 

F'LIP84-146C 1010 1300 1582 3192 6701 1473 1537 
1I.C 195 868 4200 350 2225 590 1230 1577 
FLIP84-144C 1294 5300 1832 3067 440 1340 2212 
FLIP83-46C 677 4200 857 2357 - - - - - - - 2023 
F'LIP83-71C 677 5300 500 2382 430 1060 2022 
FLIP85-56C 844 3400 1490 2417 290 1200 1607 
F'LIP85-17C 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 
F'LIP82-15OC 1190 5900 1400 2407 650 970 2086 
FLIP84-14% 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 

S W  725 657 
CV"5 22.5 31.7 80 23 

TS = Tessala; SF = Safsaf; 5 J  = Beja; CM = Cued Meliz; JS = Jema Shaim; 
and KC = Pkcchouch. 

The CPAB'IN-92 with 14 chickpea lines to study race situation in 8. 

rabiei was raised at Safsaf (Libya), Douyet (mmco), and e j a  and 

Meliz (Tunisia) (Table 8.2.9) . The disease reaction of 12 lines was 

similar at all four locations except for only tvm lines, ILC 182 and ILL2 



482 that were resistant (3 rat* out of the maxim of 9) at Safsaf but 

were susceptible (8 and 9 rating respectively) at 0.14 Wliz and Beja. 

This difference in reaction will be studied further during the 1992/93 

crop season 

Table 8.2.9. Results of chiclcpea regional asccchyta blight trap nursery- 
1992 (CPB?N-92) 

Asccchvta Bliqht (1-9 scale) 
Libya Tunisia lvbrocco 
Saf saf Beja Cued Meliz DO- 

Andoun-1 
ILC 72 
ILC 182 
ILC 191 
ILC 195 
ILC 200 
ILC 263 
ILC 482 
ILC 484 
ILC 1929 
ILC 3279 
FLIP84-72C 
FLIP84-92C 
WI 46 

The chickpea regional Fusarium wilt trap-nursery-1992 with 12 

genotypes was grown at Beja and Wteur in Tunisia, and Guelm and Sidi Be1 

Abbes in Algeria. No results were obtained from S i d i  Be1 Abbes. At Beja, 

in the wilt-sick plot, variety L 550 s h d  100% wilt incidence, whereas 

Annegeri and Chaffa only 15%. At hteur, 41% wilt incidence was found in 

L 550 as against 29kin Anneglrl and 40% Chaffa. The pathotype of Fusarium 

o x v s m m  f.sp. ciceri at both the locations was therefore similar. At 
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G u e l m  i n  Algeria, i n t e r e s t i n g l y  JG 62 s h w d  50% w i l t  incidence 

i n d i c a t i n g  presence  o f  one of  t h e  f o u r  races of  -,he w i l t  reported f m  

Ind ia .  Annegi r i  and Chaffa shoMFed 50% w i l t  inc idence  each.  The nursery 

w i t h  additional chickpea genotypes w i l l  be grown during t h e  1992/93 

season.  

Table 8.2.10. Resu l t s  of  t h e  c h i c k p a  regional f u s a r i m w i l t n u r s e r y - 1 9 9 2  
(C!FWIN-92) . 

W i l t  incidence (%) 
V a r i e t y  Tunis ia  meria 

Beja Mateur &elm 

CPSl 0 .0  0.0 0 .0  
C 104 NP NF 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  
J G  74 0.0 0.0 0 .0  
Chaffa 8.0 40.0 50.0 
L 550 100.0 41.0 0 .0  
K 850 NF NF 0.0 
Annegeri 15 .0  29.0 50.0 
Amclounl 0 . 0  0.0 0 .0  
J G  62 0.0 0.0 0 .0  

NP= No p l a n t  emeq&Tce. 

8.2.6.3. Lentil 

The LNARYT-92 w i t h  16 l en t i l  l i n e s  was grown at f o u r  l o c a t i o n s ,  t w  each  

in 'Ibnisia (Beja and Cued Meliz) and Morocco ( J ew  Shairn and  Merchouch) 

(Table 8 .2 .11 ) .  The best mean y i e l d  across locations was ob ta ined  £ ran  

Beja (2056 kg/&) fol lowed by W e d  Meliz (1346 kg/ha), Marcho~~ch  (1054 

k s / h )  w i t h  least a t  Jema S h i m  (886 kg/ha) .  The lines c m n  i n  t h e  

b e s t  f i v e  y i e l d e r s  a t  d i f f e r e n t  locations were ILL 6002, -6001, -6209, 



Table 8.2.11. Results of the lentil North African regional yield tridl- 
1992 (LNAR'fi-92) . 

Line 

ILL 6001 2425 1562 
ILL 6002 2982 1522 
ILL 6209 2700 1428 
ILL 6212 1550 1022 
ILL 5700 1657 1372 
ILL 5562 1482 1377 
ILL 5883 1832 1152 
ILL 4605 3200 1067 
W N  1325 1255 
FLIP84 -58L 2690 1772 
~ ~ 1 ~ 8 4 - 1 0 6 ~  1790 1555 
FLIP87-21L 1907 1255 
FLIP87-20L 2590 1255 
78526002 1700 1338 
ILL 4400 1540 1317 
ILL 4606 1525 1288 
FLIP86-21L ---- ---- 

Mean 2055 1346 826 1054 1320 

Nylon, FLIP 84-58L and 78526002. Cmer the four locations across the t m  

countries, ILL 60C2 was the top yielder (1694 kg/ha) f o l l d  by ILL 6001 

(1494 kg/ha), ILL 4605 i1467 kq/ha), 78526002 (1429 kg/ha), and FLIP 84- 

106L (1403 kg/ha). 

N a t i d  h-cgram Scientists in the Regicm and S.P.S. Elenival 

8.2 - 7 .  Trajning Activities 

Different types of training opportunities provided included (i) group 

training at Alepp, ili) group training in the region, (iii) individual 



training at Alep, and (iv) participation in international conference 

(Table 8.2.12). A w i d  mention my be made of the I=-supported 

Table 8.2.12. ?L.pe of training activities in food legums provided by 
ICARDA to the national prcgram in North Africa, 1992. 

No. of wrticimnts 
AU; LIB M3R TJN 

A. G ~ L G  traininq at 1- IO;;! 
1. Insect control in legumes and cereals 1 1 - 1 
2. Breeding methodology in legumes 1 1 - - 
3. Legume diseases control 1 1 - - 
4. Mechnical harvest of leyms 1 1 - - 

B. GrouD training in the resion 
1. Winter chickpea technology transfer 

(SBA, Algeria) 14 3 3 3 
2. Bimtrics and computer use 

(Tunis, Tunisia) 1 1 I 1 

C . Individual traininq 

D. Particioation in International Conferences 
1. International Food Legurne Research 

Conference-11, Cairo, Egypt 2 1 4 3 
2. Durable Resistance, kyenirgen, - - - 1 

The Netherlands 

Total 24 11 9 9 

participation of 10 food legume scientists from the region in the S e d  

Internationdl Fccd Legums Research Conference (IFLRC-11) in Cairo. Three 

of them were coauthors of the invited papers and five presented pters in 

the conference. One of the senior food legume scientists f m  W s i a ,  

Mr. H. Halila was elected to represent Near-East region in the Steering 

Camittee of the I=-111. 
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-unities for scientific interaction - provided to the food 

1- scientists of the region through (i) exchange of scientific visits, 

(ii) participation in sub-regional courses and p u p  training courses, and 

international conferences, and iiii) through the regional m ~ t i o n  

mting. 



The purpose of training is to develop or rmhance the technical 

capabilities of W9.S scientists and their support staff. It also aims at 

strengthening netmrking and to assist in transfer of technologies. Table 

9.1.1 sumnarizes the activities undertaken by LP during 1992 to meet the 

ahme objectives. This was done in some cases in collaboration with MLRSs 

and other ICARDA programs. A total of 207 participants received training 

in the inproverent of lentil, kabuli chickpa and annual forage lqmes 

(Table 9.1.1) 

Table 9.1.1. 3mmq of training activities in 1992. 

of training Participants 
cwntries 

Traininq at Alernx, 
G m p  courses 
1.1. Legume Disease Cbntrol 9 
1.2. Insect Control in Food 

Legumes and Cereal Q-ops 12 
1.3. Bree3.q Methodologies in 

Food Legumes 16 
1.4. Mechanical Harvesting of Legumes 12 
1.5. DNA Molecular Marker Techniques 12 

2. Individual Non-degree 

3. Graduate Research 

11. In-countrv/Sub-recrional 
Traininq Courses 
1. Winter Chickpea technolqy 
Transfer, Algeria 23 

2. Legume Seed Prduction, Egypt 21 
3. Use of Computer in Breeding 

EXperiments, Turkey 9 
4. Computer Application for 
Multilocaticm Testing and 
Stability Analysis, Egypt 14 

5. Lentil and Chickpea Production 
Technology, Turkey 18 

6. Food Legume Improvement, Lebanon 18 



The purpose of training, is to develq or enhance the technical 

capabilities of NARS scientists and their suppart staff. It also aims at 

strengthening netmrking and to assist in transfer of technologies. Table 

9.1.1 surrmarizes the activities undertaken by LP during 1992 to met the 

b e  objectives. Tkis was done in some cases in collabration with NARSs 

and other ICaRDA programs. A total of 207 participants received training 

in the impmvemt of lentil, kabuli chickpea and annual forage lqums 

(Table 9.1.1). 

Table 9.1.1. Surm~ l r y  of training activities in 1992. 

T&e of training Participants 
countries 

I. Traininq at Ale- 
1. G~OLG courses 

1.1. Ieguw Disease Control 9 8 
1.2. Insect Control in Food 

Lepms and Cereal Crops 12 10 
1.3. Breeding Methodologies in 

Food Legumes 16 10 
1.4. Mechanical Harvesting of Legumes 12 5 
1.5. DNA Vblecular Marker Techniques 12 12 

2. Individual Non-deqree 

3. Graduate Research 

In-countrv/Sub-reqional 
Traininq Courses 
1. Winter Chickpea technology 
Transfer, Algeria 

2. Legume Seed Producticm, Egypt 
3. Use of Computer in Breeding 
Expriments, Turkey 

4. Computer Application for 
Multilccation Testing and 
Stability Analysis, Egypt 

5. Lentil and Chickpea m-oduction 
Technolw, Turkey 

6. Food Legume Improvement, Lebanon 



9 .1 .  G~QLQ Training at ICARaA 

Table 9 . 1 . 2 .  Participation in groq training by countries 

?Lpe of training Countries 

Short Courses at A l e m  
1. Legume Disease Control Algeria, Bulgaria, Egypt, Iran, 

Lebanon, Libya, Syria, Turkey 

2. Insect Control in Food 
Legumes and Cereal sops 

Algeria, Iran, LP-banon, Libya, 
Morocco, Pakistan, Sudan, Syria 
Tunisia, W k e y  

3. Screening Methodologies in Algeria, China, Ethopia, Iran, 
Food Legumes Lebanon, Libya, Mexico, Pakistan, 

Syria, Yemen 

4. Mechanical Harvesting of 
Legumes 

GYP?, Iran, Iraq, Pakistan, 
Syr= 

Short Courses In-muntrv/Sub-resional 
1. Winter Chickpea Technology Algeria, Morocco, Libya, Tunisia 

Transfer 

2. Legume Seed mPduction Egypt, Ethiopia, Sudan 

3. Use of Computer in Breeding Turkey 
Eqxrimts 

4. Ccmp~~ter -1ication for 
rnultilocation Testing 
and Stability Analysis 

5. Lentil and Chickpa 
Production Technology 

Fgypt, Ethiopia, Sudan 

Turkey 

6. ~ c d  Improvement Lebanon 

9 .1 .1 .  Legume Disease  Ccmtrol 

Integrated control methods of leg-me diseases are developed to increase 

farm incomes and to mintain 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 Wch, 1992. The course was 

attended by 9 participants. The prcgram included theoretical, laboratory 

and field training. Lectures were on major legume diseases, metha3olqies 

for handling pathogens, strategies for the identification of resistant 

sources and integrated management of legume diseases. Laboratory training 

covered general management and basic procedures used in plant patblqy 

labratories, pathogenicity tests, new approaches in identifying different 

popuiLations of a given fungus, indumpreparation, inoculation and seed 

pathology. Field training covered mainly disease rating, manag-t of 

disease screening nurseries and integrated disease control. A field trip 

was organized to visit f m r s  fields in Lattakb and Idleb. Participants 

rated the organization and the level of the course as very good. 

9.1.2. Insect h t ro l  

Food legume crops are attacked by m y  pests result- in sizable yield 

reduction and post-hamest losses. The sane applies for cereal crops as 

well. Realising the need of NARSs for st-hening the research skills 

in this field, the Cereal and Food legume Impmement Frcgram d c t e d  

a joint training course on 20 to 30 April, 1992 in Aleppo. The m s e  was 

attended by 12 participants (41.67% female) and covered topics such as 

sampling and identification of insects and monitoring of insect 

ppulations, collection of insects, screening for kt-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 exprimts. 
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9.1.3. Breeding Methodologies in Food Legrrmes 

To p m t e  sound strategies and strengthen the nettwork of collabrators in 

the improvemt of legumes germplasm, a training course on "Breeding 

Methodologies in Food Liqurws'' was conducted from 3 to 14 May, 1992 at 

Alepp. 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; metbods in cytcgenetics; 

breeding for resistance to mviromwntal stresses, diseases and insects; 

variety mintenance and exprimtal designs. One participant presented 

the strategies and achievenwts in his breeding prcgram as a seminar. The 

participants evaluated the course as highly successful and useful. 

9.1.4. Harvest Mechanization 

A legume harvest mechanization short course was organized at Tel H a w  

from 10 to 22 my, 1992 jointiy by the kgum ErcgraTn and the Pasture 

Forage and Livestock P r q a m ,  including lecturers from F a m  Resources 

Managerrent F r o g a m  and Srazlon 3peratlons. P,e course was attended by 12 

participts. The purpose cf the trainirg was to dermnstrate system of 

legume pr&ction and mechanization to decrease the cost of p h c i n g  

legumes. The program inchded both lectures and practicals related to 

harvest mchinery, such as m r s  (self-propelled and tractor-drawn), 

cmbines ard the lentil puller. Lectures were on the problems of 

mechanization, the breeding and agroncmy of ~lechan:zazlon for different 

legwnes, seed-jed preparation, eccncmic and techniques for f m r  

interviews and ori-£am trials. In acidition, trainees presented the 

situation of legume production and mechanization in their own countries. 
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9.1.5. EN& Molecular Marker Techniques for Germplasm Evaluaticn and 

Crop *--t 

Plant biotechnologytmls offer innovative approaches in plant improverent 

research. To increase the awareness of national scientists about the 

potential of biotechnolcgical tools in facilitating the crop improvement 

research, ICARDA conducted a course £ran 20 Sept. to 1 Oct, 1992 at 

Alepp, attended by 12 participants. The course introduced participants 

to theoretical and practical aspects of DNn marker techniques, covered 

current and future uses of DNA technology in plant breeding and provided 

practical exprience in sane aspects of DNA technology. The lecture 

series included gene structure, regulation and inheritance, gene 

identification and mrking, genome mapping, application of genetic 

engineering as well as the use of wide crossing and somaclonal variation. 

During the practical sessions, each participant successfully extracted, 

purified and digested DNA by a restriction endonuclease Taq I, 

electrophoresed the fragrents and prokd them with a non-radioactive 

probe. The practicals also £mused on RFLP methods and D M  arplificatim 

using Polymerase Chain Reaction. The trainees evaluated the course as 

useful and hoped that this interaction will lead to the start of a core 

network m this upstream research area. 

9.2. k-Countzy/Sub-Regioplal Courses 

9.2.1. Winter Chickpea Technology Transfer 

A course on transferring winter-chic* technology was conducted at Sidi 

Be1 Abbas, Algeria from 17 to 20 May, 1992 jointly with FRMP and ITGC, 

Algeria. It was attended by 23 participants, a mixture of extension, 
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researe?, and pdction mrkers. The emphasis was minly on transferrkg 

winter-chickpea techmolcgies to f m r s  including discussion on adoption 

aspects. The lectures were augmented by visits to research stations and 

farmers' fields where winter sowing was adopted. In addition, 

participants gave presentations on breeding, agronciny seed prwzhction and 

socio-economic aspects of chickpea for winter sowing. ?articipnts 

evaluated the course as very interesting. 

9.2.2. Legume Seed pmducticm 

The course was conducted jointly, with ICFRDA Seed Unit, in Cairo from 18 

to 29 April, 1992 and was attended by 21 pariicipants from Egypt, Sudan 

and Ethiopia. It was sponsored by the Agricultural Research Center and 

the Central khinistratlon for Seed in Egypt and by the G e m  Agency for 

Technical Cooperation. The course covered all major aspects of lequr~ 

seed production including variety maintenance, description and release, 

seed production, prccessir-q, storage and quality control. Emphasis was 

given to crop Tramgemen:, field inspection techniques and detection 

methods of seed-hme diseases. 

9.2.3. Use of Ccmputers in Breedhg Fxpximents 

LP and CBSU jcintly conducted this in-corntry course in DiyarMir, Turkey 

from 27 April to 3 May, 1992. It was attended by 9 participants (55.0% 

female) f m  Turkey. XIe course was lointly sponsored by ICARDA and South 

Eastern :batolian Agricultural Research Institute, DiyarMir. The mjor 

eqhasis of the course was cn desiqnir.~ and mmgemerrt of breeding trials. 

The course also covered ccmputer basics, data enlry a d  analysis by KSTAT- 

C, basic howledge h u t  dBPSE IV and its use for breedxg-data 
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mnagement, and the use of Hanrard 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. Canputer Applicaticm for W t i l o c a t i c m  T e s t k  and S t a b i l i t y  

Analys is  

LP and CBSU jointly conducted this sub-regional training course in Cairo, 

Fgypt. Sponsored by ICARDA and Agricultural Research Institute, Fgy@, 

the course was held from 10 to 21 May, 1992 and was attended by 14 

participants from Egypt, Ethiopia and Sudan. The course provided an 

overview of the basic principles of designing w r i m t s  for varietal 

trails, the designing and analysis of trials conducted over several 

locations and years to examine stability and adaptability of varieties, 

and assessment of genotype x enviromt interactions. The course cavered 

basic statistical principles of trials on RCBD with c m n  checks and in 

RCBD conducted over locations/years, analysis of trials in lattices, 

stability analysis, zoning of environments, AMVI model and stochastic 

dominance. 

9.2.5. Lentil and oliclpea Pmiuct icm Techno lqy  

LP and FRMP jointly conducted this in-country training course in Ankara, 

W k e y  frcm 29 June to 1 July, 1992. The course, jointly sponsored by 

ICARDA and Central Iiesearch Institute for Field Crops, Ankara, Turkey, was 

attended by 18 participants from different organizations in the Central 

Anatolian Plateau (dealing with research, extension, and seed 

multiplication). The lectures covered legume production in Turkey; 

breeding; cold tolerance; weed, nemtcde, disease and insect pest control; 
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mchanization; biological nitrogen fixation; seed mltiplication and 

economics of production and adoption. In addition, trainees visited 

f m r ' s  fields and H a y m m  Research Station where they saw several 

eqeriments on breeding, disease control, cold tolerance, seed 

multiplication and rotatio~~. The trainees evaluated the course as quite 

useful . 

9.2.6. Fccd Legume Inpmveumt in Lekamm 

This in-country course was conducted at Terbol, -on from 14 to 18 

Sept, 1992. The coxcse was attended by 18 Lebanese participants from the 

American University of Beirut, the Lebanese University, the University of 

Saint-Joseph, the Kaslik University and the AgriculPxal Research 

Institute. The course covered food legume production in -on, their 

agronomy and cropping system, biological nitrogen fixation, varietal 

improvement and diseases, psst and wed management of lent::, chickpea, 

pea and faba bean. The practical session deal: with hybridization 

techniques. Group pre~~tations on winter sowing of chickpea, 

mechanization of legnes, ccntrol of 3robanc:le in fcd legumes and 

biological nitrqen fixatior. were don? by the participants with the aid of 

audio-visdals and posters. These presentatlorn kcluded the introduction 

to the problem, its present szazus, the up-to-3ate res~lts of irpr~vemt 

and the future trends. Tne course allowed a good interaction between c'ne 

trainees and the irztructors and was evaluated as highly s~ccessfd. 

9.3. Indiviciual --degree Training 

As per zhe request a€ PaRSs, zraining on an individual basis .+,as 3ffer.ed 

for 35 participzts from 5 countries. Skills covered anci comtries 
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represented are given in Table 9.3.1. The syllabi were tailored to meet 

the specific needs of >ARSs and the academic backpund and perfomce 

objectives of the participants. 

9.3.1. Participation in the individual non-degree training, 1992 

Topic No. of Countries 
participants 

Agroncq and Crop Physiology 
Biological Nitrcgen Fixation 

Lentil Breeding 
Virology 

Legme Cold Tolerance 
Quality 

Ccmputer Application 
Rating of Diseases and Insects 

Screening Chickpea for 
Drought Resistance 

Fntmlogy 
Chickpa Breeding 

5 Ethiopia, m-, Syria 
3 Alqaia, Ethiopia, Syria 

4 Algeria, Syria 
2 S. ban, Syria 

2 Syria 
3 Ethiopia, Syria 

3 Syria 

3 Ethiopia, Syria 
2 Syria 

9.4. G h t e  Research Taining 

As a part of the degree-oriented training 8 students started their thesis 

research in the program during 1992. The nares are given in Table 9.4.1. 

Six stude~ts received their M.Sc./Ph.D. degree and scme are writing their 

thesis. 



Table 9.4.1. Participants in graduate research training in 1992. 

Name Degree University Country 

Resistered in 1992 
1. Widad Shehadeh M. Sc. 
2. Abbas Abbas Ph.D. 
3. Ahmad M. Manschadi Ph.D. 
4. Iiassan Tambal M.Sc. 
5. Iiassan Khalid M.Sc. 
6. Whamed A. Adlan M.Sc. 
7. Ismail Kusrrencglu Ph.9. 
8. Shaila Arslan M.Sc./Ph.D. 

Resistration continuinq 
1. Aziza Ditu Ajouri 
2. Sara Now 
3. Hossm El Din M. 

El Sayed Ibrahirn 
4. M o m  LaWi 
5. Elias Zerfu 
6. Heiko Schnell 
7. Christiane Weigner 
8. Marja van Hezewijk 
9. Eckhard George 

Damascus 
aeppo 
Hohenheim 
A.U.B. 
A.U.B. 
A.U.B. 
S e l d  
Aleppo 

from previous years 
Ph.D. U~PP 
Ph.D. I m  
Ph.D. Alexandria 

Ph.D. Im 
M. Sc . m? 
Ph.D. Hohenheim 
Ph.D. Hohenheim 
Ph.D. Amsterdam 
Ph.D. Hohenheim 

Cmleted and decrree a d e d  
1. Imd Mahn~ud M.Sc. Gezira 
2. Jihad Yasin M.Sc. AmMn 
3. Ahmd Al Seoud Ph.D. Camasc~s 
4. Huda Kawas Ph.D. Damascus 
5. E ' i n  Weber 2h.D. Hohenheim 
6. Stefan Schlingloff* Ph.D. G~essen 

* Completed in 1991. 

Syria 
Syria 
Iran 
Sudan 
Sudan 
Sudan 
Turkey 
Syria 

Syria 
Sudan 
Egypt 

Algeria 
Ethiopia 
Germany 
Germany 
The Netherlands 
~~y 

Sudan 
Jordan 
Syria 
Syria 

G e m m y  

9.5. Training Material 

In an effort to increase infomtion comprehension and retention ky the 

trainees during the course, LP is developing a series of Lecture Kotes. 

Lecture Kotes are a print-on-paper mdium distributed to training -- 
participants before or after a lectue, depending on the typs of lecture 

and the audience. They smrize the lecture, reproduce the tables, 
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charts and graphics presented in the lecture, give glossary of terms used 

and list additional reading material. Therefore, the trainee can use the 

notes to reinforce the spoken words of the lecturer. Lecture Notes are 

developed as modules that are usually designed as self -instructional units 

for independent study containing sox type of prcmpt 

respnse/reinforcemt pattern. They are one catpnent of multi-media 

training kits that contain a variety of courseware such as audio-visuals, 

posters, skill manuals, handouts, trainer's manuals and computer-hsed 

instructional units. 

A multi-media training kit for the course "Legme harvest 

mechanization" and Lecture Notes for the course "Insect control in food 

legumes and cereals" were developed this year. The feedback from training 

participants was quite positive. Work will antinue to develop Lecture 

Notes for a wide variety of courses. 

9.6. Chi- Adaptaticm Workshop 

A workshop on the pdaptation of Chickpea in WANA was jointly hosted by 

ICARaA's LP and FRMP and the International Crops Research Institute for 

the Semi-kid Trcpics (ICRISAT) at ICARDA, Syria, from 9 to 12 Nov, 1992. 

Fifty-two participants frcm 11 NARS, ICRISAT and ICARDA, representing 

mltidisciplinary team of scientists, across biological and social 

sciences, participated in this workshop. Case studies on 11 countries 

(Algeria, Egypt, Ethiopia, Iran, Iraq, Jordan, Morocco, Sudan, Syria, 

Tbnisia, andTurkey) were presented, providing anup-to-date understanding 

of the problems and prospects of chickpa adaptation at the national 

(micro) scale. In the following sessions, paper on critique and synthesis 
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integrated the current howledge at regional (agro-ecological) and global 

scales. 

After the presentation, papers were reviewed and revised, to the 

extent possible, by the authors and resource personnel from ICARDA and 

ICRISAT, duringtwo hands-on- wrkshop sessions. mps prepared at ICRISAT 

using Geographic Infomtion Systems (GIs) cquter software, were also 

reviewed. 

The editorial cornnittee had the task of sumnarizing the global 

scenario, identifying new potential areas for chickpa cultivation, gaps 

in the current knowledge and listing priority areas for future research on 

biotic and abiotic constraints. Proceedings of the wrkshop will appear 

at th2 end of 1993 in the form of a book jointly publiskd by ICRISAT and 

ICARDA. 

Habib Ibrahim, S .  Weigand and other Scientists £ r a n  Legurne Fxgram 
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