




1. llmmmxT(3N 
1.1. Gareral 
1.2. lwili- 

1.2.1. ECabuli Chickpa 
1.2.2. Lentil 
1.2.3. Faba Bean 
1.2.4. Dry Ec8as 
1.2.5. Orobanche Control 
1.2.6. International Testing Program 
1.2.7. Nile Valley Regiondl Rcgam 
1.2.8. North African Regional FTogram 
1.2.9. mining and Networking 

2. mKxc CHI=- 
2.1. Chickpz!a ~~ 

2.1.1. Use of Lmproved Gemplasm by NARSs 
2.1.2. Screening for Multiple Stresses 
2.1.3. Germplasm -t 
2.1.4. I m p w e d  Germplasm for Wheat Based System 
2.1.5. Genetic Studies 
2.1.6. Strategic Research 
2.1.7. Protein Content in Newly Developed Lines 

2.2. -1ioticm of Bioterhnolqy 
2.2.1. CNA Fingerprinting 
2.2.2. CNA Transfer Studies 

2.3. QLickpea Pathology 
2.3.1. Screening for A x a h y t a  Blight Resistance 

2.4. Qlickpea Ehtoonlogy 
2.4.1. Leaf Miner 
2.4.2. F W  Borers 
2.4.3. Aphids 
2.4.4. Seed Beetle 

2.5. Chickpea Biologicdl Nitrogen Fixation 
2.5.1. Need for Imxdation Studies 
2.5.2. Strain-Cultivar Interaction 
2.5.3. Effect of Moisture on N2 Fixation 

2.6. Chickpa Physiology ard ZIrpDncmy 
2.6.1. Respnse  to Variable Moisture Supply 
2.6.2. Genotype Characterization for Winter Sowing 
2.6.3. Root Studies 
2.6.4. Agronomic Requirerents of Winter Chiclcpea 



3. LaYmL Ilmammm 
3.1. lkntil Breeding 

3.1.1. Base hrogram 
3.1.1.1. Breeding scheme 
3.1.1.2. Yield trials 
3.1.1.3. International nurseries 
3.1.1.4. Screening for vascular wilt 
3.1.1.5. Screening for resistance to Orobanche 
3.1.1.6. Allozyme and morphological variation 
3.1.1.7. Respnse to moisture in landraces and 

inproved cultivars 
3.1.1.8. Cold damage in relation to sowing date 

3.1.2. Use of Gemplasm by NARSs 
3.1.2.1. Fdvanoes for the Mediterranean reg+on 
3.1.2.2. A&ances for Southern latitude regreglon 
3.1.2.3. A&ances for high altitude region 
3.1.2.4. ZIdvances in other areaS 

3.2. Wide Qnssirg 
3.3. Ientil IIanrest wdmlizatim 
3.4. Ientil aiolcqical Nitmgen Fiwtim 

3.4.1. Strain Selection for Jordan 
3.4.2. N2 Fixation and Moisture Supply 

3.5. lentil Physiology 
3.5.1. ~ e s p n s e  of Genotypes to varying Soil 

Moisture Supply 
3.5.2. Genotype -cterization 
3.5.3. Root Studies 

3.6. Ientil Entamlogy 
3.6.1. -na crinitus Control and N2 Fixation 
3.6.2. on-farm Evaluation of Froiwst for Control 
3.6.3. Protection of Lentil Seed in Storage 

4. F A B A B E A N l m F a a m m  
4.1. Rarsfer to North Africa 
4.2. n bean Breeding 

4.2.1. The season in Morocco 
4.2.2. Use of Enhanced Germplasm by NARS 
4.2.3. Darelcpent of Trait specific Genetic Stocks 
4.2.4. Deve1cpeI-k of Improved Cultivar and Genetic 

Stocks for Wheat-Based System 
4.2.5. kvelopent of Alternative Plant 'Iype 
4.2.6. ~orth African-Regional Nurseries 

4.3. Paba bean Diseases 
4.3.1. Orchnche seed Density and Faba bean Yield 
4.3.2. Pathogenic Variability in orobanche 
4.3.3. Races of Botrvtis fabae and Asc~~hVta fabae 
4.3.4. Viruses 

4.4. n bean Entamlogy 
4 -4.1. Control of Bruchus dentices 



5. mpw- 
5.1. GeInp l a su  mllectim and Evalmtion 
5.2. miminary Yield Trial 
5.3. rea IntezMtalal aslaptation Trial 
5.4. Peqxnse to Plant psulaticm 

6.  CEWFSMHESIUDIES 
6.1. Mcal -1 

6.1.1. Faba bean 
6.1.2. Lentil 
6.1.3. Chickpea 
6.1.4. Dry Pea 

6.2. Selection of  =istant Genatypg 
6.2.1. Forage Legumes 
6.2.2. Faba bean 
6.2.3. Lentil  
6.2.4. Chickpa 
6.2.5. Dry pea 

6.3. Soil Sola r i za t im  
6.4. Biological m 1  

6.4.1. Insects 
6.4.2. Fungi 

6.5. crop m t i m  
6.6. T~3~&ati-k in Orobancfie+Icst 

system 
6.7. N i t r o g e n  f o r  Ombarrfie C C d I O l  
6.8. -ted Ctmhul  

6.8.1. Faba bean 
6.8.2. Lentil 
6.8.3. Chickpea 
6.8.4. Dry Pea 
6.8.5. Forage Legumes 

7 . l l a m w n T O N A L m -  
7.1. Faba bean 
7.2. Ientil 
7.3. chickpa 
7.4. Dry Wa 
7.5. I d e n t i f i c a t i m  of Superior Genotypes by NAIlS 

8 .  0 3 w U X U E X 3 S  
8.1. N i l e  val ley m i d  pmgram 

8.1.1. F q p t  
8.1.1.1. Faba bean 
8.1.1.2. Lentil  
8.1.1.3. Chickpa 

8.1.2. Ethiopia 
8.1.2.1. Faba bean 
8.1.2.2. Lentil  
8.1.2.3. Chickpea 



8.1.2.4. D r y  p a  
8.1.3. Sudan 

8.1.3.1. Faba bean 
8.1.3.2. Lentil 
8.1.3.3. chickpa 

8.2. N o r t h  African Regional TRoqam 
8.2.1. Provision of Trials and Nurseries to the 

National mogranr; in North Africa 
8.2.2. Algeria 
8.2.3. Libya 
8.2.4. M o m  
8.2.5. Tunisia 

9. ?RAINIEIG AND NEIWOWKIER, 
9.1. Training 

9.1.1. Food Legume Residential Course 
9.1.2. Insect Control 
9.1.3. Biology and Control of Ombanche 
9.1.4. Breeding Methcdolcgies in Food and 

Fed w'Jn= 
9.1.5. Virus Diseases of Fccd and Forage Legmes 
9.1.6. Application of Biotecbnolqy 

9.2. Chlrses 
9.2.1. Lentil Hamest Mechanization, Jordan 
9.2.2. Faba bean Improvement, Morocco 
9.2.3. Field Inspection of Diseases, Algeria 
9.2.4. Winter chickpea ~gronomy, mrocco 
9.2.5. Breeding Methcdolcgies, Turkey 
9.2.6. Fccd Legume Impruvement, Iran 

9.3. Irdividual lWn4qme.- 
. . 

9.4. Gtaduate R e s e x d l  R ' J 
9.5. NeburkS 

9.5.1. International 
9.5.2. Regional 
9.5.3. National 
9.5.4. Disciplinary 

9.6. tXnfWX%XX 

10. mcnTIm 
10.1. tXnfWX%XX Papers 
lo. 2. Jaunal Articles 
10.3. Misoellaneou~ 



m e  Food Legume zqxovement PrP-Jram (FLIP) aims at encouraging and 

supporting ~tional efforts in West Asia and North Africa (WANA) and 

other developing countries, in inpnving the prcductivity and yield 

stability of kabuli chic-, lentil, faba bean and dry pea. We 

therefore continued our activities on crop hprovement research, 

training and information dissemination on these cool season f d  

legumes. In line with Center's strategy of paying more attention to 

the drier areas, research efforts on faba bean improvement were reduced 

and. efforts were i n c r d  on those legumes that are better adapted to 

the drier environments. 

Researhers from FLIP and other research p- in IcnRDA worked 

on specific research projects in multidisciplinary teams. Wherever 

pssible, full involvement of ~ t i o ~ l  prcgram scientists was also 

enlisted. Work on kabuli chic- was done jointly with the 

International Research Institute for Semi-Arid Tropics (I~SAT). 

We worked very closely with the ~tional programs in Algeria, Egypt, 

Ethiopia, Iran, Iraq, Jordan, Libya, M o m ,  Pakistan, Sudan, Syria, 

Tunisia, and. Turkey in developing and supporting local ooordirated 

legume inprwvem~t p-, enlisting participation of all mjor 

institutions engaged in research on cool season food legumes. This is 

being done to harness the complementarity of research efforts, avoid 

duplication and optimise the use of reswrces available for research at 



We apnded our contacts with the national prqrams in the 

countries outside WANA as well. Collaboration with researchers in 

China, eastern Europe, Irdia and the USSR increased because of their 

interest in our mmdate crops. We continued collaborating with 

institutions in the irdustrialized countries for basic research and for 

the application of biotechnolqical tools in crop hprovement research. 

Much of our crop hprwement research on kabuli chi-, lentil 

and dry pea was carried out at ICARIYL's principal research station at 

Tel Hadya. Other subsites in northern Syria (Breda, Jinderess) and in 

the Beka'a valley of Lebmon (Tkrbl) were also used. Work on faba 

bean inprovement was mainly done at the w e t  research station of 

DWh, Morccc!~ where the M P  faba bean breeder and pathologist are 

located since septenker 1989. 

T h e  weather conditions during the 1989/90 season at various 

research sites are depicted in Figures in Section 11. In general, the 

season was drier than the long-term average at all the test sites. 

This affected the crop growth and yield adversely. At Tel Ha-, it 

was one of the driest and coldest sws0n.s in the last 14 years, with 

total seasonal precipitation being only 233.4 nun and the m i n h  

tmpmturs falling below the freezing pint on 56 days. A severe cold 

spell during the middle of M a r d - ~  (minimum tenperatwe -8.9 "C on 17 

March) vhen winter-sawn crops were in the stage of rapid graYth, caused 
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wide-spread cold damage and material in several m i m e n t s  was 

ocwpletely lost. Although the value of this rather unusual cold spell 

for routine screening and selection was limited, it did permit 

identification of a few chickpea lines that cculd withstand such low 

tenpratures. Since the precipitation was sub-mml, chi- could 

effedively be screened for dzvqt~t tolerance at Tel Hadya and lentil 

at Breda. 

Prhmncement of breeding material by an additional generation 

during m was conducted at lkbl research station for kabuli 

hi-, at BabJaneh (Syria) for lentil and at Annaceur (Atlas 

mtains, Morocco) for faba bean. Fossibility of raising a -r 

nursery of lentil at lkzkol and Kaarim sites in Lebanon was also 

studied. Research sites of several national prapzms were also used 

for strategic joint researrh on the developnent of breeding mterial 

with specific resistance to some biotic stresses because of the 

presence of 'hot-spots' there. 

A smmary of the major achievements of the proq?an in r a ,  

training and network activities during the 1989/90 season is given 

belm: 
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1.2.1. Kahili Ckkkpea 

Yields of kabuli chi- are low and unstable in WANA. I m p m e  is 

possible on both these aspects thrmqh the adoption of winter sowing in 

the 1 w  altitude regions. As an average of several yield trials 

amkdxd at three locations over last seven years (1983/84 to 

1989/90), winter-sown crop gave 67% higher yield than spring sowing. 

For the gwotypes in the tcp 10% yielding group, the increase due to 

winter sowing was 134%. The area under winter sowing is increasing in 

WAML, where 27 cultivars have been released so far for winter sowing. 

Wing the 1989/90 season five cultivars were released: 'Jubeiha 1' and 

'Jubeiha 2' in Jordan, 'Janta 2' in Lebanon, and 'Dalua 89' and 

'Tabavo 89' in Turkey. Adoption and inpact studies have been started 

in Morocco and Syria. 

NARSs continued to make good use of ICARaA enhanced gemplasm. 

More than 15000 lines were furnished to NARSs in 47 countries in 

1989/90. In 11 countries, 40 lines were identified for on-farm trials 

or pre-release multiplication. 

To stabilize chickpa productivity, considerable emphasis was 

laid on breeding for resistance to various biotic and abiotic 

stresses. Evaluation continued for ?smAyta bliqht, Fusarium wilt, 

leaf miner, cyst nematode, mld and drm@~t resistance in cultivated as 

well as wild Leer species, and new sources of resistance were 

identified. A highly cold tolerant mutant of IK 482 was identified 

which could withstand -8.9"C temperature in the middle of March. Also 
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line ILC 3470 showed p r a i s e .  These lines will be used in the breeding 

program. studies on the genetics of cold tolerance revealed that the 

selection for this trait should be done during late generations. A 

screening technique for droqht tolerance based on sowing the cmp in 

the third week of March has been founl effective in identifying 

genotypic differences for this trait. 

Wild a r  spp. have pmved to be the only snutxs of resistance 

to seed beetle and cyst nematcde and they have better toleranoe to cold 

and bliqht than the cultivated species. Hence, efforts on 

intex-specific crossing were continued. liaryotype study of U r  spp. 

has helped in developing saw understanding of the cross- 

inoompatibility of certain interspecific combinations. Successful 

cross could be mde between _C. arietinum ard _C. bijim for the first 

time, and this has given hope for intccqesion of some desirable 

characteristics fmm the wild species into the cultivated chickpa. 

Collaborative studies with the University of Rankfurt have helped 

in identifying non-radioactive probes for DNA fingerprinting for 

genetic characterization of chickpa lines as well as different 

isolates of Ascehvta e i  fungus. This will eventually help in 

increasing the efficiency of our efforts in breeding chickpa 

resistant to this disease. 

lke cold and dry weather conditions during 1989/90 did not permit 

g d  field meening of breading material for A x m h y t a  blight. Hence 
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most of the work was done in the green-house and growth chamber. 

saeenbg of various breeding lines and promising germplasm against a 

mivture of six AsoxhVta rabiei isolates revealed that lines ILL: 6189 

and FIZP 87-509C were resistant and FLTP 84-9113 was moderately 

resistant. A certain degree of cross-protection was observed in saw 

lines. 

Host-plant resistance of ILL: 5901 chickpa to leaf miner was 

confirmed, and seems to be associated with high mlic acid 

concentration in the amdate. Neem-seed extract proved to be a safe, 

cheap and effective agent to control leafminer in chickpea. Use of 

olive oil + salt to treat the seeds provided a good protection to 
chickpa f m  seed beetle (Collosobruchus chinensis) in the storage. 

Studies on improving the symbiotic nitrqen fixation in chickpa 

revealed that the soil-core mthd to determine need for inoculation 

was more awzurate than Rhizobim population estimates alone in the 

soils of northern Syria. Evaluation of symbiotic effectiveness using 

sterile hydroponic N-free system gave the mast accurate estimates of 

soil rhizobia populations an3 assessment of the need for inoculation. 

lhere was a strong cultivar x strain interaction in affecting symbiotic 

N2-fixation. Fixation was highly affected by available moisture 

supply. It increased as the moisture supply increased from 280 nun to 

499 nun. Also the prcentage of total plant nitrogen coming from 

symbiosis inumwa3 with increasing misture supply. 
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1.2.2. Ierrtil 

We mntinued our lentil breeding strategy wetted to different 

agroeoological regions with eqhsis on yield potential, drought 

tolerance, plant architecture for mechanized harvest and resistance to 

hportant diseases (Fusarium wilt, m y t a  bliqht, rust) and parasite 

(Ombanche -ta). Over 300 simple crosses were made and handled by 

bulk-pedigree system using off-season generation advancement. A new 

nursery containing rust resistant sources was launched. 

?he season being extremely dry, it pmitted identification of 

breeding material with drcqht tolerance. ?he progress made was 

evident from the fact that several breeding lines ranked above best 

checks in this dry season. Considerable progress was made in screening 

for resistance to %ium wilt. A wilt-sick plot had been developed 

and a methcdology for screening developed based on delayed wing. Dm 

lines (ILL 298 and 6435) were identified giving resistant reaction 

against Fusarium wilt at both seedling and adult stage. Also, highly 

resistant sources were identified in wild species - Lens culinaris ssp. 
orientalis, _L. nisricans ssp. niqricans and _L. niqricans ssp. emoides. 

Olle line of cultivated species (ILL 5588) was identified as resistant 

to both wilt and Asaxhyta blight. In our attempts to exploit wild 

Lens spp. in crop improvement, we developed a hydropnics system to 

have a year-round supply of vigourous plants of wild and cultivated 

species with profuse flawering necessary for wide crossing. Studies on 

the protocol for in vitro culture of embryo/ovules were continued. 
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Use of a line-sowce sprinkler system at Breda has permitted 

identification of lentil genotypes that perform well under drought, but 

are able to respond to increased moisture supply as well. Early 

grawth and seedling vigour have proved to be good criteria in 

predict- genotype perfonmnce under droughty mnditions but if there 

is a late frost, as occurred this season, the significance of these 

traits is reduced and cold tolerance bemmes an additional important 

trait. Study on srreening for cold tolerance shwd that it can be 

done at an intenwdiate elevation (600-800 m) by sowing the crop early 

to predispse it to damage f m  cold in most years. 

?he rational prograns in different lentil production regions 

continued making gmd use of ICARaA enhanced germplasm. Five lines 

were released by NARSs in 1989/90 for general cultivation ('Jordan 

Lentil 3' in Jordan, 'I= 4605' in ~orocm, 89' in Pakistan 

and 'Erzurum 89' and 'Malazgirt 89' in Turkey). Several other; have 

been selected for on-farm multi-location trials and prerelease 

multiplication in NANA. In the southern latitudes, good use is being 

&e of ICARDA enhanced material in Pakistan, India, Nepal, Bangladesh 

and Ethiopia. Australia, Canada, Chile and China have also made 

selections f m  ICARDA material. 

We continued transferring the technology of lentil harvest 

mechanization to the NARSS. In 1989/90, the General Organization of 

Agricultural Mechanization of Syria encouraged the fanners in Kameshly 

to grow lentil on 80,000 ha follwing the technology earlier 
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demonstrated in collaboration with ICARM. Because of dry weather 

oorditicns, the crop qrcf.i# was poor aral rrechanized harvest muld only 

be done using swathe-mawer. Nearly 25% of the total area in Kameshly 

was harvested by this methcd. The seed yield losses ranged from 4.7%- 

8.6% with swathe-mer as cgnpared to hand harvest. 

Research on Rhizobium and -M weevil control were carried out 

to increase the symbiotic nitrcqen fixation in the wheat-based cropping 

system. Twenty-one lentil Fhizobium strains were tested for their 

symbiotic efficiency with three Jordanian lentil cultivars using an 

aseptic N-free hydroponic gravel culture system. Strain LE 867 from 

Wkey was found to be consistently superior, althmqh strain LE 835 

and 843 from Jordan were also good. These strains will be further 

evaluated for inamlation studies. The N2-fixation was highly affected 

by total seasonal moisture supply. As the moisture supply increased 

f m  180 nun to 376 nun the percentage of total plant nitrogen derived 

fm fixation increased fran 36% to 77%. 

Seed treatment of lentil with a low dose (12ml/kg seed) of 

was as effective as the use of 20 kq/ha of cdrimfuran (5%G) in 

controlling - larvae damage ard in increasing lentil yield wer 

untreated check. The yield of symbiotically fixed nitrqen increased 

because of -M mntrol althotqh the penentage of total plant N 

ccwing from symbiosis was not affected. Superiority of Prmnet seed 

treatment was also established in the on-farm trials. Visual damage 

score was related well with the ovipsition and larval damqe to 



nodules. 

1.2 -3. Faba bean 

Most of the faba bean in@mem~t ressarch was con;tucted at the Wyet 

resear& station, Fes, Morccco. The mst significant developrent was 

the identification of three selections (18035, 18009, and 18015) of 

faba bean with high resistane to Orobanche crenata and almost 100% 

higher yield than the susceptible check (Pqmdulce). On-farm 

verification, corxh~cted on a few sites only because of limited seeds, 

confirmed this superiority. The seed multiplication of these lines has 

been started. 

Use of ICARDA enhanced faba bean material by the national programs 

has continued. Iran and Portugal have released cultivars. Egypt is 

ready to release Reina Blanca and a selection from chocolate spot 

resistant cmss. In Ethiopia, a cross bulk has been purified and is in 

pre-release multiplication. FLIP 86-146FB is in on-farm trials in 

China for relay cropping with cotton. In misia, lines 80 S80028, 

582113-8 and 582033-3 have selected for pre-release multiplication 

because of their high and stable prahctivity under droughty 

conditions. A -11 seeded line (FLIP 83-106 FB) has also been 

identified for seed multiplication in Tunisia. 

crosses have been made and trait specific genetic stocks developed 

to meet the specific needs of the national programs, particularly those 

of North Africa, for seed size, adaptation, and resistance to 
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ombnche, Chmlate spot, A ~ a c h y t a  blight, rust and stem n-tcde. 

Testing of inbred liens with knu.m differential disease readion 

to races of Botlvtis fabae and kxmchvta fabae since 1986 in Algeria, 

Egypt, F l a m e ,  Italy, Morocco, Syria, Tunisia and has permitted 

characterization of pathogenic races in the Mediterranean region. This 

will help in developing suitable control strategies for each muntry 

using appropriate sources of host-plant resistance. 

On-fam evaluation of different insecticides for the control of 

EUuchus dentipes showed that methyl parathion (Metyphon EC 50, I. ml/l) 

was most effective. 'Itro sprays, one at early pod setting and second 10 

days later, were needed. 

1.2.4. D q  Feas 

Of 348 accessions collected from different parts of the world, 50 high 

yielding selections were retained for evaluation of their adaptation to 

dry areas of WANA. In the Adaptation Trial conducted at Tel Hadya, 

Jinderess and T-1, Accession No. 21 was identified as widely 

adapted. Some accessions shming high tolerance to cold were also 

identified. Agronomic studies on plant population with pea genotypes 

of differing leaf mrpholq under rainfed and assured misture supply 

corditions revealed that the o p t k  plant population for conventional 

leaf types was 36 plant/m2 mereas for leafless types it was 80 

~lants/rn*. 
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1.2.5. O ? x h x h  -1 

Studies were carried out on various individual control methods with a 

view to develop integrated control. Host-plant resistance studies with 

six different forage legme species revealed large inter- and 

intraspecific variation in susceptibility to the m i t e .  Wide 

c~~ssing may, therefore, provide scope for transferring resistance to 

species in which it is currently lacking. miminary  shrdies on dry 

peas also revealed large genotypic diff- in Ordmxhe 

susceptibility. 

'Ihe dry and cold weather during 1989/90 was not very mnducive for 

the gruith of Orobanche. Hence several trials gave inconclusive 

results. Fosamine was identified as a new herbicide for Orobaxhe 

control in faba bean and imazathapyr proved effective in dry pis. 

Studies on biolcgical control of Orohnche using Phvtmza orobanchia 

fly or Ulocladium - fungus demonstrated that the efficacy of these 

ccmtrol measures was highly depxient on the weather condition and the 

1989/90 season was not conducive for these biolcgical control agents. 

1.2.6. -4 lkst ing Program 

This prcgram is a vehicle for dissemination of genetic mterials and 

inproved production practices, in the form of international trials and 

rrrrseries, to national programs. A total of 1030 sets of 45 different 

nurseries were distributed to 130 ccqerators in 54 oountries for the 

1990/91 season. ?he nurseries were further diversified and 

specifically targetted to different areas and included more sources of 
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resistance to various stress factors and specific traits rather than 

the finished cultivars. 

In case of faba bean only a limited nmber of nurseries with 

specific characteristics including determinate grawth habit and sources 

of disease and pest resistance were distributed. Regional yield trials 

were specifically developed and distributed for North African countries 

fmn the w e t ,  Morocco base as a part of the faba bean research 

network in the mqreb. 

1.2.7. N i l e  Valley B q i c m a l  Program 

lhis was the second year of this special project dealing with 

research, transfer of technology and training, to inpmve the 

p&ction of cool season f d  legumes in Egypt, Ethiopia ard Sudan. 

On-farm trials with inproved production package gave economic increases 

in yield of all the legumes. Back-up r- helped in developing 

breeding material with irqxmved resistance to diseases, insect-pests, 

and the parasite Orobanche and in developing more econanical and 

efficient prduction techniques for evaluation on farmers' fields. 

Adoption studies were carried out to monitor the progress and obtain 

feed-back on the problem being f a d  by the farmers. Support 

activities, including production of seeds of inproved cultivars, were 

also taken up. All the planned activities were successfully canducted, 

w h i c h  reflects the maturity of the national prqrans. 
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1.2.8. North African w i d  Program 

Cooperation with the rational programs in Algeria, Libya, Moixcco, and 

Tunisia expmded during 1989/90. Several selections of ICARDA heed 

breeding lines and segregating populations out-yielded the local checks 

by significant margins in the multilocation testing of faba bean, 

chickpa, and lentil. A number of lines were identified for pre- 

release rmiLtiplication an3 a few released. North African Regional 

Rials and Nurseries were dwelaped with responsibility for their 

coordination resting with one of these countries. n u s  trials on faba 

bean were coordinated by Morocco, on chickpea by Tunisia and on lentil 

by Algeria. ?he regional focd legume scientist based at Fes, Morocco, 

provided the necessary technical back-stopping. 

In Algeria, several rust-resistant determinate faba bean lines 

were selected with high yield potential. Lines yielding significantly 

higher than best local check were selected from the International Pea 

Adaptation Trial. In winter chickpa, perfomce of ILC 482 and ILC 

3279 continued to be pdsing, but new lines were also identified, 

e.g. FLXP 83-98C. Seeds of FLIP 81-293 C and FLIP 81-57 W were 

multiplied for release in western Algeria. In case of lentil seeds of 

FLIP 86-20L were multiplied for release in eastern Algeria. 

In Libya, the program is relatively younger. Faba bean lines FLIP 

86-119 FB and II5 1814 pruved promising. Also Reina Blanca, Wkish 

lnal and II5 1954 performed well. Weeds were a serious problem in 

faba bean fields, but could he effectively controlled by using pre- 
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meqence application of cyamzine and pronamide. Early sowing 

(between 15 C c t  & 1 Nw) with 22.2 plant/m2 plant population was 

optimum. In chickpa, m y t a  blight was a problem and five lines 

with toleranoe to the disease were selected. Weed control in chickpa 

was effectively achieved through the use of pre-emerqence application 

of Iqran. Need for inoculation with Rhizobium was evident at all the 

chickpea test sites. In the yield trials on lentil four entries (78 

526002, FLIP 84-76L, FLIP 84-81L and F'LIP 84-148 L) were found 

plmising. 

In Morouco, mre than 1000 single plants were selected in the 

segregating progenies of faba bean under artificially induced 

epiphytotics of Ascochyta blight, chccolate spot d rust. Several 

lines with high resistance to Orobanche and high yield were identified. 

In chidpsa, lines FLIP 84-79C and FLIP 84-93C were included in the 

catalogue trial and their seed multiplication was started. Lines FLIP 

83-47C, 83-48C and 84-92C were identified as having broadbased 

resistance to Asxchyta blight. On-fam denonstration and monitoring 

of adoption for winter chic- technology was continued in 

collaboration with DVP/WRA using cultivar ILC 195. Amongst the lentil 

lines, ILL 4605 was released because of its resistance to rust and q c d  

seed quality. Also lines L24 and L56 were released. ILL 6002, 6209 

and 6212 maintained their rust resistance for the third wnseative 

year of rust epidemic. Verification trials were started using five 

prumisinq lentil lines. 
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In Tunisia, identification of faba bean lines able to tolerate 

drw.qht was a major achievement. Selections were made fmm segregating 

popilations of faba bean for resistance to chocolate spot and Ascozhyta 

bliqht. Feina Blama and FLJP 83-106B w e r e  identified as potential 

d d a t e s  for release. In the evaluation of chickpa lines FLIP 84- 

92C and FLIP 84-79c continued to show better perfo~l~nce than the 

checks. A nunker of FdF7 progenies have been select& for dual 

resistance to wilt and Ascmhyb blight. FLIP 83-47C and FLIP 84-92C 

have been identified for pre-release dtiplication as dual season 

(winter and spring) cultivars. Mtil again shclwed good adaptation to 

dry areas in misia and line 78s 26002 confirmed its superiority 

across locations and is being considered for release to farmers. 

. . 
a n d N e b W k h 3  1.2.9. 3YaUUNJ 

Training and networking activities were continued to s m e n  the 

research skills in the national prqrams. Group training at ICARDA 

headqmrbrs included the ' F d  Legume Residential Course', and a short 

course each on 'Insect Control', 'Biology and Control of Orobanche', 

'Breeding Methodologies', 'Virology' and 'Application of Biotechnology 

in Focd Legume Imprwenentn. Group  training was also o o n d u m  through 

sub-regional and in-ccuncountry training courses in the conduct of which 

the national prqram scientists also participated. These were the 

courses on 'Faba bean Impmvenent' and 'Agronomy of Winter Chickpea' in 

M o m ,  'Field Inspedion of Diseases in Seed mtipli~ati~n' in 

Algeria, '~entil Harvest Mechanization' in Jam, 'Breeding 

Methodology' in Turkey and 'General Focd Legume Impmvement' in Iran. 
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In addition several individual mn-degree training participants visited 

the program and participated in various research activities working 

closely with the program scientists. A total of 242 participants, 

irrlmfiirg 16 students registered for M.Sc. or R . D .  degree, benefited 

fmn these training activities. 

m p  assisted the national prcgrarrs in the operation of national 

fcnd legume networks in Algeria, Libya, Mcrmso, Tunisia, Egypt, 

Ethiopia, Jordan, ~alcistan, Sudan, Syria and %key. In addition, 

regional networks in North Africa, Nile Valley and West Asia were 

supprted. The 'International Nurseries and Trials Network' supported 

the fccd l egm~ inq~rovwent resear& in all the developing countries 

where these legumes are iiqmrtant. In addition, two disciplinary 

networks were cprated: one on 'Biological Nitrogen Fixationf and the 

other on 'Aphid Control'. 

Informtion dissemination was given high priority and the results 

of research conducted by the program scientists were d i s b t e d  

thtuqh papers published in Journals, or presented in various 

conferences, program reports and special publications. FABIS and LENS 

newsletters senred as vehicle for quick dissemination of information by 

the national prcqram scientists. 

In view of the imprtance of various biotic and abiotic stresses 

in affecting the pra3uctivity am3 yield stability of cool season f a  

legumes, an International Cnnfereme was convened by the program in 

Ravello, Italy. m e  proceedings of the conference are to be published. 



The kabuli chickpa hq~rovement is a joint prcgram with ICRISAT Center, 

India. The main aim of the program is to increase and stabilize kabuli 

chickpea prduction in the developing world. Of the four main regions 

where chickpa is grown, the Mediterranean region and Latin America 

produce mostly kabuli type chickpea. Five to ten percent of the area 

in the other two main production regions (Indian subcontinent and East 

Africa) is also devoted to the kabuli type. Kabuli chickpa is also 

grown in high elevation areas (>lo00 m above sea level) in West Asia, 

especially in Turkey, Iraq, Iran, and Afghanistan, and in North Africa 

in the Atlas muntains. Ascmhyta  blight and Fusarium wilt are two 

major diseases of chickpea. leaf miner in the Mediterranean region and 

pcd borer in other regions are major insect pests. Kabuli chickpa is 

mainly grown as a rainfed crop in the *eat-based farming system in 

areas receiving between 350 nun and 600 nun annual rainfall in the West 

Asia and North Africa (WANA) region. In Egypt and Sudan and parts of 

South Asia, West Asia and Central America, the crop is grown with 

supplemental irrigation. 

In West Asia and North Africa, where the crop is currently spring- 

-, yield can be increased substantially by advancing sowing date 

from spring to early winter. There are indications that increasing 

plant density ard reducing raw width night increase yield 

significantly, especially during winter sowing. Winter sawirq also 

all- the chic- crop to be harvested by machine. Major efforts are 
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underway to stabilize chic- productivity by breeding cultivars 

resistant to various stresses, such as diseases ( m y t a  blight and 

Fusarium wilt), insed pests (leaf miner and pal borer), parasites 

(cyst nerat.de and O m ~ e  c-ta Forsk.), and physical stresses 

(cold arid drought). Efforts are also underway to collect basic 

information for generating input-responsive cultivars, especially those 

which m n d  to application of phasphate and water. 

Wing 1990, several collaborative projects cprated. In the 

project "Cevelopimmt of chickpa germplasn with d i n e d  resistance to 

Aswchyta blight and Fusarium wilt using wild and cultivated species", 

four Italian institutions collaborated with ICARDA. me screening for 

cyst nematcde was carried out in association with the Istituto di 

Nemtolcqia Aqraria, C.N.R., Eari, Italy. Fusarium wilt resistance 

meening was done in asmiation with INRAT, Ttmisia and the 

Department de Patolcqia Vegetal, Cordoba, Spain. Screening for 

tolerance of cold was done in moperation with agricultural research 

institutes in nrkey. Genetics of phosphate uptake was investigated in 

miation with the University of Hohenheim, Federal Republic of 

Gennany (FIEG). A program on mutation breeding was conducted jointly 

with the Nuclear Institute for Agricultural Biolqy, Falsalabad, 

Pakistan. lhe University of Saskatchewan, Canada is collaborating in 

studies of genetic diversity in kabuli chic-. Studies on mechanism 

of dmxqht anl cold resistance and some aspects of biolcgical nitrcgen 

fixation are being conducted in collaboration with WRA, Montpellier, 

F.rance. Studies on leaf miner resistance and application of 



20 

restriction fraqxent length polymorpkism (RFLP) in characterizing 

chickpa genotypes and Asccchvta -i isolates are carried out in 

collaboration with the University of Frankfurt, F.R. of Germany. 

Main objectives of the breeding are (1) to produce cultivars and 

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

populations and material for crossing prcqam to support National 

Agricultural Research Systems (NARSs), and (3) to conduct strategic 

research to support work on germplasm improvement. Specific objectives 

in the development of impmed germplasm for different regions are: 

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

blight, tolerance of cold, suitability for machine harvest*, 

medium to large seed size (40% of resources); (b) spring sowing: 

cold tolerance at seedling stage, resistance to Asoxhyta blight and 

FUsarium wilt, tolerance of W t ,  early mturity, medium to larye 

seed size (30% of resources) ; 

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

and/or Fusarium wilt, drought tolerance, early maturity, -11 to 

medium seed size, reqonse to supplemental irrigation (15% of 

--) ; 

3. Latin America: resistance to FUsarium wilt, large seed size (5% of 

resources) ; 

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

stage, resistance to Asccchyta blight, terminal drought tolerance, 



early maturity, and medium t o  large seed size (10% of resoures). 

2.1.1. Use of hprmed GerUplasn  by NAR% 

2.1.1.1. International mnseries d trials 

Exwing 1990, more than 15,000 c h i c w  entries including breeding lines 

were furnished t o  47 countries (Table 2.1.1) . Sixty-three percent of 

the material w a s  provided to  NARSs in the WINA region, 12% to other 

developing countries and m i n i n g  25% t o  developed countries. Fifty- 

two percent of material furnished t o  developed -tries w a s  for the 

joint research projects with I-. 

LWs. K.B. S w ,  R.S. mlhotra and M.C. Saxfma. 

2.1.1.2. on-fano trials 

Exwing 1989/90, five newly bred lines, m l y  FLIP 83-47C, FLIP 83-48C, 

FI~P 83-71C, FLIP 83-98c, and FLIP 84-15C, were evaluated in Syria 

against a standard check, Qlab 1, a t  18 locations i n  collaboration w i t h  

the Directorate of Scientific Aqricdtural Research, bum. Four 

t r i a l s  failed due t o  extremely lcw rainfall, below 200 nun. TWO lines, 

FLIP 84-15C and FTLP 83-98C yielding 1503 kg and 1493 kq ha-l, 

respedively, were only mayinally superior t o  the check, Gbab 1 (1463 

kg ha-l) . Eut the 100-seed weiqht of FLIP 84-15C is 45 q against 28 g 

of Ghab 1 aral FLIP 83-98C has better resistance t o  iwwzhyta blight and 

cold than Ghab 1. 'Ihe program has been involved in the on-farm t r ia l  

activities with m y  other NARSS i n  West Asia and ~ o r t h  Africa. 

NABS scientists and Dr. K.B. Singh. 



Table 2.1.1. Nunber of entries furnished in the form of intenzational 
yield trials and mr=eries and breeding lines during 1990. 

country Trial d muserv Breedhg Total 
No. of sets of No. of line 
Trial/nur;ery entries (No. ) 

entry 
(NO.) 

Algeria 37 1154 15 1169 
Australia 7 185 3 188 
Austria 3 91 - 91 
Belize 3 75 - 75 
B z i l  4 92 - 92 
Eulgaria 4 135 - 135 
Canada - - 490 490 
Chile 5 121 - 121 
China 5 135 233 368 
Colambia 2 46 - 46 
CYP- 5 189 - 189 
E3YPt 12 374 - 374 
Ethiopia 8 247 - 247 
Fed. Rep. Germany - - 12 12 
France 11 384 18 402 
Greece 3 75 - 75 
India 14 513 149 662 
Iran 21 668 6 674 
Italy 14 465 1 466 
Japan - - 1 1 
Jordan 25 762 14 776 
Kenya 1 30 - 30 
Iebanon 6 184 - 184 
Libya 7 229 - 229 
Malawi 3 95 - 95 
Wicn 2 46 - 46 
Mo- 19 557 - 557 
Namibia 1 23 - 23 
New Zealand 1 29 - 29 
tkMn 1 23 - 23 
Fakistan 14 543 87 630 
Peru 7 209 - 209 
Poland 1 40 - 40 
Portugal 5 144 - 144 
Qatar 1 49 - 49 
Saudi Arabia 2 79 - 79 
Senegdl 1 23 - 23 
Spain 19 586 1000 1586 
Srilanka 2 78 - 78 
Sudan 3 102 - 102 
Swaziland 2 46 - 46 
Syria 33 965 - 965 
Tunisia 35 1194 - 1194 

59 1842 103 1945 
U.K. 1 40 10 50 
USSR - - 11 11 
Y a n e n  2 46 - 46 

Total 411 12,913 2153 15,066 



Forty lines have been identified in recent years from the 

international nurseries by scientists in 11 countries for pre-release 

rmltiplication and/or on-farm testing (Table 2.1.2), because of 

appropriate seed size, plant height and phenology, and tolerance to 

cold and Ascochyta bliqht. 

NARS Scientists and Dr. K.B. Singh. 

Table 2.1.2. Chic- lines identified for pre-release multiplication 
and on-fann testing by NARss in recent years. 

-try Line 

Afahanistan FLIP 84-145~. FLIP 81-293~. FLIP 81-57W. 
~lgeria FLIP 81-57W,'1LC 190. 
Cyprus FLIP 85-10C. 
%WPt ILC 202, !XLP 80-36C. 
Iraq FLIP 81-269C, FLIP 82-142C, FLIP 82-169C, ILC 482, 

ILC 3279. 
Lebanon M P  85-5C, FLIP 84-15C. 
Libya ILC 484, FLIP 84-92C. 
Mor0cco  FLLP 82-15W, U P  82-152C, FLIP 83-47C, FLIP 83- 

48C, FLIP 84-92C. 
Syria FLIP 82-15~2, FLIP 83-47c, FLIP 83-48c, FLIP 83-71c, 

FLIP 83-98C, FLIP 84-15C. 
Tmisia FLIP 83-47C., FLIP 84-92C. 
w k e ~  FLIP 83-31C, FLIP 83-77C.FLIP 85-13C, FLIP 85-14C, 

FLIP 85-15C, FLIP 85-60C, 87AK 71112, 87 AK 71113, 
87 AK 71114. 87 AX 71115. 

2.1.1.4. Release of cultivars by NAR% 

NARSs in 14 countries have selected 31 lines and have released them as 

cultivars (Table 2.1.3) : 27 for winter w i n g  and two for spring 

sawing in the Medit-ean region and 2 for winter sowing in more 

southerly latitudes. 

NARS Scientists an3 Dr. K.B. Singh.  



Table 2.1.3. ICabuli cultivars released by different NARSs. 

Country Cultivars released Year of Specific features 
release 

Algeria ILC 482 1988 High yield, wide adaptation 
ILC 3279 1988 Tall, high yield 

Cyprus Y i a l o u s a  (ILC 3279) 1984  all 
Kyrenia (m 464) 1987 large seeds 

France TS1009 (ILC 482) 1988 Released by TOP SEMENCE 
TS1.502 (FTZP 81-293C) 1988 Released by TOP SEMENCE 

Italy Califfo (ILC 72) 1987 Tall 
Sultan0 (ILC 3279) 1987 Tall 

Lebanon Janta 2 (ILC 482) 1989 High yield 
Jordan Jubeiha-2 (ILC 482) 1990 High yield, wide adaptation 

Jubeiha-3 (78 S 26002) 1990 High yield 
MOIDCCO ILC 195 1987 Tall 

ILL! 482 1987 High yield, wide adaptation 
CXMn ILC 237 1988 High yield 
mrtqal Elmo (ILC 5566) 1989 High yield 

Elvar (FLIP 85-17C) 1989 High yield 
Spain Fardan (ILC 72) 1985 Tall, hi* yield 

Zegri (ILC 200) 1985 Mid-tall, High yield 
AlmeM (IIC 2548) 1985 Tall, high yield 
Alcazata (ILC 2555) 1985 Tall, high yield 
Atalaya (ILL: 200) 1985 Mid-tall, high yield 

Sudan Shendi (NEC2491/ILC 1335) 1987 Hi@ yield 
syria 1 (ILC 482) 1986 High yield, wide adaptation 

G?lab 2 (ILC 3279) 1986 Tall, cold tolerant 
Tunisia Chetoui (ILC 3279) 1986 Tall 

Kassab (F'LIP 83-46C) 1986 Idrye seeds, high yield 
Andcun 1 (Be-sel-81-48) 1986 w e  seeds 

Turkey Gunei Sarisi (ILC 482) 1986 High yield, wide adaptation 
Izamla 89 (F'LIP 85-7C) 1990 High yield, large seed 
T a m  89 (FLIP 85-1332) 1990 Hi* yield, large seed 

All cultivars are resistant to Ascc&yta blight and were reieased for 
w i n t e r  saying, with the exception of Amdoun 1 which is resistant to 
Fusarium wilt and released for spring saying, and ILC 237 and Shendi 
which are intended for use under irrigation. In Turkey, ILC 482 was 
released for spring saying. 

2.1.2. ScreeniTg for WtipleStressg 

Screening of germplasm lines was initiated in 1978 for Asaxkyta blight 

(Asccchvta rabiei [Pass.] Lab.), in 1979 for cold, in 1981 for leaf 
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miner (Liriomvza c ice r ina  Rond), in 1982 for seed beetle 

(Qllc6obruchus chinesis L.). in 1986 for cyst  m t d e  ( H e m e r a  

e i  Vovlas, Greco et D i  Vito) , in 1987 for  Fusarim w i l t  (FUSarium 

oxvspz~rum Schlecht. emnd Synd f.sp. [Padwik] Snyd. & Hans) and 

in 1989 for  drought. 'Ihe number of lines evaluated between 1978 and 

1990 for different stresses are sham in Table 2.1.4. Resistant 

sources have been identified for A s a x h y t a  blight, Fusarim w i l t ,  leaf 

miner, and cold. mt no source of resistance was found for seed beetle 

and cyst neimtcde. Resistant sources have been freely shared w i t h  

NARSs and are used in -sing blocks. 

D r s .  K.B. Singh, S. Weigand, M.C. Saxem, R.S. Malhotra, 0. Tahhan 

(ICARDA) , N. G- and M. D i  Vito ( I t a ly ) ,  R. Jimenez-Diaz (Spain). 

Table 2.1.4. Reaction of chickpa germplasm accessions t o  scone biotic 
an3 abiotic stresses a t  Tel Hadya between 1978 and 1990. 

Scale Axcchyta Fusarium Leaf Seed cyst Cold 
blight w i l t  miner beetle nemtcde 

Scale: 1 = free; 5 = tolerant, 9 = killed. 
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2.1.2.2. W i l d - s p e c i a  

Evaluation of eiqht annual wild Leer species continued for the third 

year to identify sources of resistance to different stresses. m e  

highest susceptibility rating fmm the three years evaluation of a line 

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

sununarized in Table 2.1.5. Sources of resistance were found for six 

stress factors, including Asccchyta bliqht, F'usarium wilt, leaf miner, 

seed beetle, cyst nemat.de, and cold. Wild species were the only 

source of resistance so far fwnd for seed beetle and cyst n-tcde ard 

had higher level of resistance than the cultivated species for 

Axc&yta blight, Fusarium wilt, leaf miner, and cold. The most 

hprtant species for resistance to different stress factors was _C. 

biiuclum, wfiile _C. yamashitae was the least hprtant. There is a need 

to evaluate the existing collections to other hprtant stresses a d  to 

collect additional accessions for evaluation. 

Drs. K.B. S W ,  S. Weigand, M.C. Saxena, R.S. Malhotra, 0. Tahhan 

(ICAROA) , A. Porta-Pqlia, N. Greao and M. Di Vito (Italy) . 

2.1.2.3. P E i  l k ~ ~  

Most of the breeding lines developed at the Center have been evaluated 

for eight stresses, including AsaxAyta blight, Fusarium wilt, leaf 

miner,  Collosob~~chus chinensis, cyst nemat.de, cold. iron deficiency, 

an3 herbicide toxicity. W l e t e  evaluation has been done for five 

stresses, m l y  Axc&yta blight, leaf miner, Qllcsobmchus 

chinensis, Cyst nematode, and cold. Sources of resistance have been 

fowd for all stresses except for cyst nematode and Callsobmchus 
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chinensis in breeding lines. Mts of screening of land races and 

breeding lines are shown in Figs 2.1.1. to 2.1.8. 

Drs. K.B. Singh, S. Weigand, G. Bejiga, R.S. Malhotra, 0. Tahhan, M.C. 

Saxena (ICARIYL), N. Greco, M. Di Vito (~taly), S. Jana (Canada). 

2.1.2.4. Listing of resistance 

Sources of resistance identified for Ascxxhy ta  bliqht, w i m n  wilt, 

leaf miner, and cold in cultivated species are listed in Table 2.1.6. 

These have been used in breeding programs at ICARDA and elsewhere and 

resistant cultivars bred. h e  to differential disease race-patterns, 

some lines found resistant at ICXFWi were susceptible elsewhere. 

Sources of resistance in wild k r  species for Ascnchyta blight, 

Table 2.1.6. Sources of resistance to biotic and abiotic stresses 
identified between 1978 and 1990. 

Stress Source of resistance 

Asco31yt.a blight ILC 72, ILC 182, ILC 187, ILC 200, ILC 2380, ILC 
2506, ILL3 2956, ILC 3279, ILC 3856, ILC 4421, ILC 
5586, ILC 5902, ILC 5921, ILC 6043, ILC 6090, ILC 
6188. 

F'usaium wilt IIC 54, I K  240, ILC 256, ILC 336, ILC 487. 

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

Cold ILC 794, ILC 1071, ILC 1251, ILC 1256, ILC 1444, ILC 
1455, IIC 1464, ILC 1875, ILC 3465, ILC 3470, ILL3 
3598, ILC 3746, ILC 3747, IIC 3791, IIC 3791, ILC 
3857, IIC 3861, Mutant of IIC 482. 

N.B. No source of resistance was fwnd for seed beetle and cyst 
mtode. 
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Fusarium w i l t ,  leaf miner, seed beetle, cyst nematode, and cold are 

given i n  Table 2.1.7. Efforts are unl-y to transfer genes for 

resistance for cold and cyst nematode from wild t o  cultivate3 species. 

Dr. K.B. S W .  

Table 2.1.7. S o u r c e s  of resistance (rating 1 o r  2 on a 1-9 scale) in 
wild Leer species to biotic and abiotic stresses. 

Stress Source of resistance 

Axa3-1yt.a blight _C. judaicum: ILWC 30-2, ILWC 3O/S-1, ILWC 31/S-1; 
C. pinnatifidum: ILWC 30-1. - 

m i u m  w i l t  - C. biiwum : 20; _c. echincSJEnnum: 4; _C. iudaicum: 
31; _C. pinnatifidum: 6 ;  _C. reticulatum: 11. Cut of 
these: _C. biiuqum: ILWC 7-1, ILWC 8-3, ILWC 32-2; _C. 
echincSJErmum: ILWC 35/s-1, ILWC 39: _C. judaicum: 
ILWC 4/3, ILNC 2O/S-1, ILWC 46; _C. pinnatifidum: 
ILWC 22-2, ILWC 29,'s-2; _C. reticulatum: ILWC 21-14, 
I W  36/3. 

Leaf miner - C. chorassanicum: ILWC 23/3; _C. cwe~tum: ILWC 37/7; 
C. iudaicum: ILWC 4/1, ILWC 4/3, ILWC 4/4, ILWC - 
20/3, ILWC 2O/S-2, ILWC 31-2, ILWC 33/S-9, ILWC 
33/S-10, ILWC 37/S-2, ILWC 41/1, ILWC 43/1, ILWC 46; 
Cicer vamashitae: ILWC 3-2. 

Callosob~~chus C. bii : ILWC 7-1, ILWC 7,'s-5, ILWC 7/S-11, ILWC 
chinensis 7 / ~ - 1 2 , ~  71s-14, IIWC 7/5-17, I L W ~  7/5-18, 

8-3, ILWC 34/S-1; C. ILWC 37/7; _C. 
8chin-mum: ILWC 3 5 / ~ - 1 ,  ILWC 35,'s-3, ILK 39; _C. 
iudaicum: ILWC 3-1/2, ILWC 33/S-6, ILWC 33,'s-8, ILWC 
33/5-10, ILWC 38/S-2, ILWC 46; _C. reticulatum: ILWC 
21-1/1. 

Cyst nematde - C. biiusum : ILWC 7-1, ILWC 7-2, ILWC 7-4, ILWC 7/S- 
1, ILWC 7,'s-3, ILWC 7,'s-4, ILWC 7/S-5, ILWC 7/5-11, 
ILWC 7,'s-12, ILWC 7,'s-14, ILWC 7,'s-15, ILWC 7/5-17; 
C. reticulatum: ILWC 21-1-3/2; _C. pinnatifichrm: ILWC - 
212, ILWC 213, ILWC 226, ILWC 236. 

Cold tolerance - C. biiucrum: ILWC 7-1, ILWC 7-2, ILWC 7-4, ILWC 7/S- 
1, ILWC 7/S-3, ILWC 7/5-4, ILK 7/S-5, ILWC 7/5-11, 
ILWC 7/S-12, ILWC 7,'s-13, ILWC 7/3-14, ILWC 7,'s-15, 
ILWC 7,'s-17, ILWC 7,'s-18, ILWC 8-4, ILWC 8/S-1, ILWC 
8/S-3, ILWC 32-2, ILWC 42/1, ILWC 42/2; 
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2.1.3. Gemphsm 

2he main objective of this project is to develop superior germplasm 

for use in  the breeding prqmms of MIRS and I C ! .  The emphasis is 

on cold tolerance, Ascxchyta blight resistance, mubined resistance to 

cold andAscxchyta blight, and tall stature. 

2.1.3.1. Cold 

Fz, F3 and F4 generations of crasses between cold tolerant lines of 

diverse origins w e r e  q m  during 1989/90. The season being extremely 

cold, there was severe winter killing. Nevertheless, 701 plants were 

selected. M3 plants of ILC 3279 line were killed. However, one 

mutant of ILC 482 w a s  found t o  be highly tolerant t o  cold; its 

tolerance w i l l  be tested again. 

Dr. R.S. MaJhtra and K.B. Singfi. 

2.1.3.2. - blight 

Plants grown in F2 f m  crosses made between blight resistant lines 

were killed due to cold. In m u t a t e d  material (M3) of ILL: 3279, the 

disease did not develop. Eight new crosses have been made. 

Dr. K.B. S W .  

2.1.3.3. w i n e d  resisbnce to mld  and hmdq-h blight 

Five thousand and twenty-six F2 plants of 15 crosses w e r e  grown in cold 

and Asaxhyta blight nursery and 79 plants were found tolerant to cold. 

O f  these 77 plants also tolerated bliqht which was not severe due to 

d r a q h t  and cold. In F4, 27 out of 460 prcgenies were resistant t o  
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cold. Ninety-five F4 plants resistant to cold and blimt were 

seleded. Ten more crosses to combine cold and Asccchyta blight were 

made. 

Dr. K.B. S ~ # I  and R.S. Malhotra. 

2.1.3.4. Tall StablE? 

six crosses between tall lines of diverse origins and types have been 

made and F2 seeds produced. 

IXs. K.B. Sir@ and Geletu Bejiga. 

2.1.4. Develqxmk of InpLWed Gem~lasn for -t-basd Systers. 

2.1.4.1. eulk-pdigree m&kd for breeding cold, Ascocfiyta bl- and 

drulgtlt tolerant cfiielqeas 

In the Mediterranean region chickpa is generally grown as a spring- 

sown crop. Major r q u i m t s  of the cmp are early maturity and 

terminal drought tolerance and resistance to Asachyta blight. 

Research conducted at ICARDA has shown that advancinq sowing date by 

two to four weeks to early spring in the high elevation areas or to 

late winter in the 1 m  elevation areas of the Mediterranean region 

improves the seed yield substantially. EUt the sowing can only be 

advan=& with genotypss tolerant to cold at the seedling stage. We 

have develop3 a bulk-pedigree method to breed cold, A.sc%chyta blight 

and drought tolerant chickpea, which is sham schematically in Fig. 

2.1.9. 
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Taking advantage of the off-season and greenhouse facilities, new 

cold, Aswchyta blight and dmught tolerant lines are bred in a period 

of four years. As early-maturity lines tolerate or escape m t  we 

select for early maturity. Selebion for tolerance to Aswchyta blight 

and cold (at seedling stage) is done first in the early generation (F3) 

and finally in the a d v d  generation (F7). For drought, selection is 

made in F5 a d  F7, mainly throqh earliness and yield under dmuqhty 

conditions. 

Drs. K.B. Sbgh and G. Bejiga. 

2.1.4.2. -thg gsrk%atiats 

IXlring the 1989/90 season, 645 crosses were made, of which 268 were 

grown in the off-season during 1990. F2, F3 and F4 hulks were grown in 

the period between the off-season and main season (Table 2.1.8) . About 

15,000 progeny m were grawn during winter and spring seasons. A 

total of 318 promising and uniform F5 and F6 progenies were bulked. 

'Xhese bulked lines were grawn in the offseason for seed increase and 

purification. 

The 1989/90 season being unusually cold, nearly 80% of the 

segregating material (F2 to F6) was killed by frost. S i n c e  the 

tenpratures continued to be low for most of March (with lowest 

tmpmture reaching -8.9siC on 17 March) and April was hot and dry, the 

developnent of Asaxhyta blight was poor and the material could not be 

effectively screeraed for the disease. 

Dr. K.B. Singh. 



Table 2.1.8. Chickpea bred% material grown a t  Tel Hadya during 
w i n t e r  and spring and a t  !%dm1 during off-season, 
1989/90. 

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

Fo 
F1 
F2 - 
F3 - 
'33 aoseny 
F4 Bulk 
F4 aoseny 
F5 aoseny 
F5 aoseny (Lawe) 
F5 (MI) 
F6 
F6 -enY (Large) 
F6 m a y  (Tall) 

Total: 
F2/F3/F4 bulks 842 
F3/F4/Fg/F6 progeny 14979 9385 

2.1.4.3. Yield performnce of newly bred lines 

'Itmo hundred ard e igh tys ix  newly-bred lines were  evaluated for  yield a t  

three locations (Tel Ham, Jirderess and Terbol) and in two seasons 

( w i n t e r  and spring). Several lines were superior in yield aver the 

check, though only a few w e r e  significantly better (Table 2.1.9). 

Althoqh the  1989/90 season was the coldest and driest in recent years, 

many lines sown during w i n t e r  yielded m3re than 2 t ha-' at  Terbol (317 

m total rainfall)  and over 1 t ha-I a t  Tel Hadya (233.4 nun) and 

Jinderess (333 nun). Yields were low for  spring-sown material, 

especially a t  Tel Hadya, but several lines exceeded the standard check 

(23 significantly). Because of severe drought, coefficients of 

variation were higher than i n  the previous seasons. 

Dr. K.B. Singh. 
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2.1.4.4. I k v e l w  of large-seeded, tall, early uaturity an3 q&q 

typg 

NAEs need large-seeded chickpeas to satisfy consuwrs preference, tall 

type for machine harvesting and early type for spring sowing and l m  

rainfall areas. Lines meeting these specific needs have been bred and 

the best are shown in Table 2.1.10. For exaqle, FLIP 89-19C combines 

tall stature, large-seed, early maturity, and high yield. FLIP 89-35C, 

FLIT 89-63C, m P  89-86C and m P  89-101C, being 30-40% higher yielding 

d 2 to 10 days earlier in flowering than ILC 482, may perform better 

in areas having a short growing season. 

Dr. K.B. Singh. 

2.1.4.5. IUal season ailtivar 

Chickpa is traditionally grim as a spring-mwn crop in WANA, but 

winter sowing is being in- because of better yield potential. 

Developat of dual season cultivars will permit farmers to sow the 

same cultivar any time from early winter to spring depending upon the 

nature of the cropping system. We have ewmined results of preliminary 

yield trials cnrducted at three locations, both winter and spring, and 

have identified lines which have nearly the same ranking in the two 

m n s  (Table 2.1.11). However, the majority of lines behave 

differently. A few examples are shown in the same Table. The 

difference in performme is due to the disparate requirements for 

dtivars sown in winter and spring. For exanple, cultivars would need 

cold tolerance and medium maturity for winter sowing, whereas for 
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spring sawing d m q h t  tolerance and early-maturity are required. 

Dr. K.B. S w .  

Table 2.1.10. Performance of some promising lines of larqe-seeded and 
early-type ch ickpa  a t  3 locations during w i n t e r  and of 
spring-type during spring, 1989/90. 

Lines Grain vield (ka d~ 100 sd. 
Tel Hadya Jinderess T e r b ~ l  Kean weiqht 

(9) 

Days to 50% Heiqht 
f lcklering (a) 

FLIP 89-8C 562 
FLIP 89-llC 814 
FLIP 89-19C 657 
ILC 482 284 
Trial mean 426 
SE 76.7 
C.V. (%) 25.4 
LSD (R0.05) 224.6 

Earlv tvlJe 
FL;LP 89-35C 798 
FLIP 89-63C 952 
U P  89-86C 965 
m;TP 89-101C 863 
ILC 482 438 
R i a l  mean 678 
SE 89.3 
C.V. (%) 18.6 
LSD (R0.05) 261.4 

Surina tm 
FLIP 89-63C 413 
S 89158 487 
S 89281 589 
ILC 1929 494 
Rial mean 347 
SE 46.1 
C.V. (%) 18.8 
E D  (R0.05) 135.1 
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2.1.4.6. W k k r  SaJirg 

A ccwparison of spring versus w i n t e r  sowing has keen made over seven 

years (1983/84 t o  1989/90) a t  three sites (Tel Hadya, J inderess and 

TerkQl), using cormnon breeding lines (test- between 72 and 384 

liIES). 'Ihe winter m l d  of 1984/85, 1988/89 and 1989/90 was more 

severe than in norm1 year; and the spring of 1983/84, 1988/89, and 

1989/90 (especially a t  Tel Hadya) was much drier than norm1 year;. 

The seed yie ld  data in Fig. 2.1.10 showed that winter-- t r i a l s  

on average pmduced 1567 kg ha-I against  939 kg of spring-sown t r i a l s ,  

giving 66.9% or 628 kg ha-I more yield.  The yield differences between 

winter and spring were larger  during dry seasons than f o r  normal 

seasons. D x h g  an a b n o m l l y  m l d  year (1984/85), y i e lds  of w i n t e r -  - t r i a l s  w e r e  lower than spring-- t r i a l s .  E!ut this trend was 

rev- during the 1988/89 and 1989/90 seasons which were also  very 

cold, because of del iberate select ion fo r  be t t e r  m l d  tolerance since 

1984/85. Breeders usually select the top  10% fo r  fur ther  evaluation 

and possible release; this ten percent top  yielders  i n  winter sowing 

produced 134.0% o r  1256 ha-I mre than the mean yie ld  prcduced i n  

spring over seven years. Obviously, there is a b ig  advantage of winter 

ming Over spring. 

The adoption of winter chickpea in the region is gradually 

increasing (Table 2.1.12) . The primary l imitat ion is the avai lab i l i ty  

of seed, which is being addressed by the national p-. 

Dr. K.B. Singh. 





Table 2.1.12. A mqh estimation of adoption of winter chickpa in the 
Witerranean environment. 

ccWrtry Estimated area (ha) 
1987/88 1988/89 1989/90 

West Asia 
cup- 
Jodan 
Lebanon 
Syria 
%key 

North Africa 
Algeria 
m m  
Tunisia 

-pe 
France 
Italy 
Portugal 
spain 

North m i c a  
U.S.A. (California) 200 400 

Total 1365 2937 

2.1.4.7. Wle of wld  tolexant gerotyPg in Vinter &&pa  logy 

Although it is known that g e n o ~  require cold tolerance for winter 

ming in the Mediterranean region, the relationship between cold 

tolerance and yield in winter sowing has not been quantified. The 

1989/90 season was very cold. lherefore, results of seed yield and 

cold tolerance obtained from 12 trials including four acfvanced yield 

trials (Am) and ei@t preliminary yield trials (PIPT) were examined. 

Ea& of the 12 trials ccanprised 24 m l y  bred genotypes. Tbey were 

in randanized block design with two replications in the first week 



44 

of 1989 at Tel Hadya, Jinderess and Terk~l. TIE plot size was 

4 m of 4 meter lenght for A m  and 2 rows of 4 meter length for 

Prrs. The plots were  fertilized at the rate of 50 kg P205 ha -I. 

Herbicide was used to control weeds and fungicide was sprayed to 

plptect the crop from Asccd-~yta blight. me same set of trials was 

springsawn during the first week of March 1990 at three locations. 

Observations were recorded on cold tolerance and seed yield; the 

analysis of variance for these traits was significant at Tel Hadya. 

The mean cold ratings for 12 trials at Tel Hadya varied frcan 5.19 to 

7.75 on a 1-9 scale, %bere 1 = free and 9 = killed, indicating that 

there was considerable damage to the chickpa crop. Several lines 

failed to produce any yield because all plants were killed. 

Mean seed yield of 12 trials during winter and spring is shown in 

Table 2 .l. 13. In two trials, AWE1 and AWE%, seed yield in winter 

was less than spring, whereas in the mining ten trials yields in 

winter were higher. Yields of 288 entries in 12 trials sown in winter 

at Tel  am were 508 kg ha-I as oompared to 303 kg ha-1 in spring, 
giving an increase of 68%. At Terbol, where cold effect on the crop 

was negligible, the mean yield in winter was 1633 kg ha-I as wmpared 

614 kg ha-l in spring, giving an ixrease of 165%. Yield levels at T e l  

m a  were law because of severe cold in winter and an extreme terminal 

drcught in spring. 
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Correlation coefficient between cold tolerance and seed yield in 

w i n t e r  a t  Tel Hadya was r = -0.830 with a range of -0.604 t o  -0.885 in 

different trials (Table 2.1.14) , confirming that cold tolerance is a 

pm-ecplisite for winter %wing of chickpea in the Medi- 

region. 

DIS. K.B. Singh, R.S. MaIhotra and M.C. Saxena. 

2.1.4.8. Breeding for high yield ard wide -rn 

Chickpa cultivars are lcnmn to have narrow adaptation. Factors 

influencing adaptation of a genotype are not w e l l  understccd. However, 

it is knam that gem- w i t h  resistance to diseases and reduced 

sensitivity to t a p x a t u r e  and photoperiod are generally more widely 

adapted. A t  ICARaA, a nunker of l ines possessing Ascmhyb bligbt 

resistance and cold tolerance were develop&. 'Ihese l ines have been 

evaluated for  yield and o m  attributes in the Mediterranean 

environment including W e s t  Asia, North Africa and southern Europe. 

lk~ lines, namely ILC 482 and ILC 3279, proved useful in several 

a x n t r i e s  and have been released a s  cultivars (Table 2.1.3). 

ILC 482 is an irtrcduction from Turkey. The original collection, 

Acc. No. 26780-68, was a mixture which was purified and assigned the 

nwS3er ILC 482. Evaluation a t  1- revealed that it had field 

resistance to Asaxhyta blight, high yield and moderate tolerance to 

cold. It is a medium4wation l ine requiring 134 days to flower- and 

181 days to maturity *en swn during winter under Tel Hadya 

conditions. It has a typical bushy growth habit with a height of 50 

an. It is high in shoot biwnass with over 50% harvest index. 
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It is a medium-seeded l ine  ( 1 0 0 d  weight 29g) with 21.8% prutein 

content. In 1979/80 it was evaluated in the Chiclcpea International 

Yield Trial Winter ( C I W W )  and p m e d  to be high yielding and widely 

adapted in many countries. Based on its p r f o r m x e ,  it has been 

released i n  Algeria, France, Jordan, Iebmon, M a r c a m ,  Syria, and 

Turkey under the nams ILL3 482, TS 1009, Jubeiha - 2, Janta 2, ILL3 482 

olab 1, and GLlney Sarisi 482, respectively. 

ILL3 3279 is an intxduction fmm the USSR. 'Ihe original 

accession, Step-noz 1, w a s  a mixture and was separated i n  two lots. 

Tal l  type was assigned ILL3 3279 and bushy type ILC 200. EvdLuation a t  

ICARnn revealed that  it was resistant to Ascochyta blight, high 

yielding and cold tolerant. It is a late-maturity l ine (taking 149 

days t o  fl- and 183 days t o  mature) when sawn during winter under 

Tel Hadya conditions. It has a tall growth habit with a height of 70 

an. It is high in shoot b i c a ~ s s  and has harvest index of 40%. It is a 

medium-seeded l ine  (100 seeds weight = 28g) with 21.5% pmtein wntent. 

It w a s  f i r s t  included in the Chickpea International Yield Trial-Winter 

(CIYT-W) in 1979 and since then it has been evaluated widely i n  the 

Cl3T-W. This l ine  proved medium yielding and widely adapted. Because 

of tall stature it is possible to  combine harvest. It  has been 

released i n  Algeria, Cyprus, Italy, Jordan, Syria, and 'IUnisia under 

~ m e s  IE 3279, Yialousa, Sultano, Jubeiha-3, Cazab 2, and Chetoui, 

respectively. 

Frmn the release of ILC 482 in seven countries and ILC 3279 i n  six 
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ccamtries, we can identify same attributes for the wide adaptability of 

a chickpa cultivar: (1) Tolerance of cold and Asccchyta blight; (2) 

medium maturity and medium seed size; and (3) suitability for machine 

harvest. 

LW. K.B. Singh. 

2.1.5. Genetic Shdiffi 

2.1.5.1. Gene actim for cold toleranz in CfLickpea 

Six crosses were investigated using aanbining ability and generation 

mean analyses for reaction to cold tolerance in chic- (*r 

arietinum L.). ?he conbining ability variances revealed the 

significance of both the additive and non-additive gene effects with 

preponderance of dominance. The generation mean analysis revealed the 

presence of genic interactions besides additive and dcaninance gene 

effects. Among the interactions, additive x additive and dcffninance x 

daninans with duplicate epistasis were present. Cold tolerance was 

daninant over susceptibility to cold. Selection for cold tolerance 

wnuld be effective in later generations when dcdnarce is reduced after 

a few generations of selfing. ?his is being follmed and in the early 

generation only a negative seledion is exercised. 

Drs. R.S. MaIh0h-a and K.B. Sin@. 

2.1.5.2. -ti011 of fgrcwhq mv' 

Cluster analysis was used as a to31 to classify chickpea growing 

envimnments into zones. Data on days to flowering and seed yield for 

t m  chickpea international yield trials during 1985-86 and 1986-87 were 
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used for the present study. 'Ihe WSTAT hierarchal, agglanerative 

clustering prcgram was employed with correlation coefficient as the 

distance measure and single linkage as the clustering strategy. 

&sults rweiled that by characterization of the genotype by location, 

interaction within a cluster/zone was minimized, and only key sites 

fmn each cluster need to be used for initial evaluation of a large 

lnrmber of breeding materials. These selected materials from each zone 

should then provide an opportunity for selection of material for 

specific adaptation. 

Drs. R.S. Malhotra and K.B. Singh. 

2.1.5.3. -ilXXRE& kkEadLim for pdXdl'l oontent 

Genotype-enviromt interactions for protein content was investigated 

in 116 lines. This study indicated that protein antent was abwt the 

sane during winter and spring. The heritability estimate for protein 

conterrt was low. Stability analysis exhibited the presence of g x e 

interaction, and non-linear cmpnent of g x e interaction was 

significant and important. TIE study sugg& that selection for 

genotypes with high protein content and stable performme should be 

possible through multilocation testing. No association of protein 

content with ten morphoagron&c characters included in this study was 

f&. 

~ r s .  K.B. siqh, G. Bejiga and R.S. MaIhotra. 
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2.1.5.4. Diversity ad rmltiMliate ticn of lespose to three 

stress &tias in a world m l l d c m  of &kQx?a 

In an evaluation of the respllse of over 6300 kabuli chic- 

accessions to Asmcbyta blight, lw-, cold, and 23 other 

dnracters there were considerable regio~l differences. Diversity was 

1- for the stress-wnse traits than for other character;. 

Aclmssions f m  West Asia, which misted mainly of advanced breeding 

lines f m  ICARnn, had the highest frequency and diversity for 

resistance to AscaAyta blight, and t h e  f m  South Asia for leaf 

miner resistanoe and low h?npmture tolerance. Worldwide, days to 

f1aweri.y had the highest diversity index. Bivariate log-likelihood 

ratio tests sh& the strongest association of each of the three 

stress-respcow traits with seed yield, biolqical yield and harvest 

irdex. Excluding these three yield variables, a group of four 

characters with strong bivariate association with each stress-response 

trait was chosen for the discrete dtivariate loglinear analysis. ?he 

fax chracters in each were seleded from the following six 

mrpho-phenological dnracters.: growth habit, canopy width, seed size, 

plant heist, pod dehiscence, and days to f1mi.y. The sirrp3lest log- 

linear mcdel for each grcup consisted of bath two-and three-factor 

association tenm, but no independent factors. 'Ihe six morpho- 

phenological character; identified by the association analyses might be 

hprtant for increasing overall respllse of lcabuli chi- to its 

three mjor stresses: Ascc&yta blight, leaf miner and low 

--. 
Drs. S .  JaM and K.B. S M .  
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2.1.5.5. ~ s b l y o f ~ q e c i e s  

IGuyotyp analyses of e i w t  annual Leer species, including _c. 
arietinum, _C. echimmemm, _C. reticulatum, _C, b i i w ,  _C. i u d a i a ,  

C. p h t i f i d u m ,  _C. cuneatum, and _C. yamash - i tae ,  was wnpleted jointly 

by ICARDA, SCSG (Stazione Sperimentale d i  Granicoltura per l a  Sici l ia ,  

Caltaglorone, I taly) and University of Napli. Similarity in the 

karyotypes of the three species _C. a r i e t h m ,  _C. reticula-, and _C. 

echimswmmm indicates a crossability group and explains a s  t o  wfiy it 

has been possible t o  cross them. These three species are different 

than the m i n i n g  five species. It w i l l  be diff icul t  to intrqres 

genes between these two groups. In the second group, similarity w a s  

fcrund between _C. b i i u m  and _C. i u d a i m  and t o  xsoe extent _C. 

pinnatifidum. Therefore, they may be crossable among themselves which 

has now been realized a t  ICARDA. _C. amsntum and _C. yamshitae were 

different from each other and the previous two groups. C W -  of the 

basic eight in a species, the  major difference lies in 

the f i r s t  and second chromoscanes in 1eqt.h and presence of secondary 

constriction. 

M r .  Bsuno Ocampo (ICARDA), Dr.  G. V e m r a ,  Prof. F. Saccardo (I ta ly) ,  

Dr. K.B. Shgh (1CARI.R). 

2.1.6. Stratqic &sear& 

2.1.6.1. Shdy of Pefficiercy of cfiickp=a 

Cultivation of chickpa i n  the Mediterranean area often takes place in 

locations with law levels of available phosphorus (P) in the soil .  

Qlickpa is traditionally sawn i n  sprirq and is recognized t o  have a 
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high P-efficienq. ?he proposed intrcciuction of w i n t e r  sowing wculd 

increase the yield because rrolch of the crop growth would c=xar in the 

more humid season avoiding heat and dmught stress a t  the end of the 

griming period. ?he greater production of dry matter is txp&~d to 

increase demand for total P. 'Iherefore, in winter it is possible that 

W e f i c i e n q  could prove t o  be a limitation for yield on Plimiting 

soils.  

It is often not possible t o  capmsate P-deficiency by soi l  

-ts for economic reasons: as  an alternative, breeding for high 

P-efficiency could be a solution. 

E i q h t  d is t inct  lines of kabuli type chickpa w e r e  crossed in a 

diallel fashion. Parents and their progenies (Fa-plants and F2- 

derived lines in F4) were gram a t  Tel Hadya in a low-P soil. nYo P 

levels (with, without 75 kg P205 ha-l) and two sowing t i m e s  (winter, 

spring) w e r e  used during the growing seasons of 1986/87 and 1987/88 

seasons mich differed greatly in annual rainfall. 

?he following conclusions were drawn f m  this study. 

1. A low level of available P m y  pmve as a yield limiting factor for 

chickpa i n  w i n t e r  sowing, in a location where the yield of a spring 

sown crop may not be affected by this limitation. 

2. High P leve l  x genotype and high P leve l  x genotype x year 

interactions for seed yield i n  winter sowing were demonstrated. 

Because of this it w i l l  be useful to develop a breeding and testing 
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method ccsrprising use of different Plevels  and testing over several 

y-, to cbtain P-efficient pure lines for winter sawing. 

3.  Yield limitaticms due to M f i c i e n c y  in chickpea were found to vaq 

froan location to location as w e l l  as f r m  year to year a t  the same 

location. Therefore, it is not remmexied to breed distinct 

cultivars for low and for high P enviromv=nts, but rather to breed 

for cultivars with adaptation to a variety of P wdi t ions .  

4. Selection for impruved phcsphozus use characteristics is not 

e x p e c t d  to cause unfavourable correlated responses with agroncinic 

t ra i t s .  

5. Strong correlation between the productivity of the parents and that 

of their prcgenies suggests the usefulness of carem evaluation of 

potential parents before initiating a crossing program. The results 

of th is  study are reported in detail as a Ph.D. Ttesis of the 

University of Hohenheim, F.R. of Germ3ny. 

Dipl. Ing. Agr. Ih. L?mhch (Gemmy), Prof. Dr. P. Ihlckenbuer 

(Austria) and Dr. K.B. Singl l  (ICARIIA). 

2.1.6.2. stdig m druqht to1- 

chickpea is cmsidered to be a drDught tolerant crop, but l i t t l e  

resear& has been mxhuzkd on Xabuli chickpa in a Meditenanean 

e n v i r v k .  A line-source sprinkler system is being used t o  waluate 

genotypic dufferences, but a screening technique is necessary that 

d t s  evaluation of a large n m h r  of germplasm and breeding material 

for tolerance t o  drouqht. Since the crop experiences terminal drought, 

it was  th-t worthwhile to test the effect of delayed springsawing 
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to  accentuate the stress effects t o  pennit identification of genotypic 

differences in dro~@~t tolerance. An eqxximmt with four sowing 

dates, 28 Feb. ( D l )  (norm31 sowing date), 10 M a r .  ( D 2 ) ,  20 M a r .  (D3) 

and 30 March (D4) and 25 gem- varying in  matur i ty ,  plant height, 

seed size,  and seed yield, w a s  conducted a t  Tel Hadya during 1990. me 

to  limitation of seed, the plot s ize  was anall (4 rows 2.5 m lo-, 30 

an apart). Randcanized oomplete block design w a s  used with three 

replications for each date. Observations were collected on 15 

mrpholcyical, phenolqical and seed characters. In addition, the 

amount of soil moisture was determined a t  sawing, and plant cwnt a t  

emergence and mtur i ty ,  percent of emqence, and canopy -tures 

a t  l a te  vegetative, flawering and pod f i l l ing  stages were recorded. 

Mean performrce of genotyps for 1 4  characters a t  each date are 

sham i n  Table 2.1.15. mere was a gradual reduction in the 

performance for  a l l  characters with delay in sowing from f i r s t  t o  

fourth date. Mean seed yield of 25 genotypes on four dates of sowing 

are given in Table 2.1.16. Sane genotypes such as  FLIP 87-59C, ICC 

14197, and ICC 14218 prcduced good yield on a l l  four dates of sowing. 

017 the contrary, some genotypes such a s  FLIP 85-142C, ILC 72 and ILC 

3279 prcdced some yield on the f i r s t  date of sowing, but virtually no 

yield was prakced on the fourth date of sowing. 'Ihe former group of 

genoty~es was early in mtur i ty  while the la te r  qrwp was l a t e  in 

maturity. 



Table 2.1.15. Mean performance of different characters on four dates of 
planting during 1990. 

Days to fla~ering 60 57 55 51 56 
Plant v i m  2.2 2.4 2.8 2.7 2.5 
Gmuna corer (%) 64 58 33 37 48 
JAYS to maturity 99 95 94 87 94 
Plant heiqht (cm) 25.5 25.6 23.2 24 24.6 
Primary branches 2.9 2.8 2.7 2.6 2.8 
SeconL.lary branches 7.8 7.7 3.7 3.7 5.7 
Podl-Ulnkr 11.5 13 8 7.8 10.1 
No. of filled pod 10.4 11.8 7.1 7.2 9.1 
% of filled pod 90 90 80 80 85 
HundredSBed weiqht (g) 29.3 29.2 25.7 24.2 27.1 
Seed yield (kg ha-l) 1065 920 587 551 781 
Shoot bicmass (kg ha-l) 2525 2333 1788 1869 2129 
Harvest index (%) 41.3 39.2 32.5 29.4 35.6 

* Vigour score rating scale: 1 = very god, 5 = poor. 

Correlation coefficients were estimated between seed yield and 13 

variables on all four dates (Table 2.1.17). Seed yield was 

significantly correlated with earliness (flowering and mturity), plant 

vigour and harvest index in all four dates of ming. Correlation of 

seed yield with 100-seed weight, % filled pods, % of ground cover and 

plant height was high only in the later dates (D4 and D3). On the 

other hand, shoot biomass was highly asscciated with seed yield on only 

the first date of sowing. Uaracters such as nlrmber of p r i m q  and 

-nL.lary branches had no influence on seed yield. 



Table 2.1.16. Yield perforumre in four dates of sowing &ring 1990. 
Data in the pranthfsis indicate rank. 

En- Yield kq h i d  (Rank) 
Dl D2 D3 D4 Overall 

IIC 72 
ILC 3279 
FlLP 85-142 
FlLP 86-12 
ICCV 88504 
ICCV 88512 
ILC 1929 
IiX 482 
ILC 1919 
FLIP 87-5 
FLIP 87-7 
FLIP 87-8 
FLIP 87-51 
FLIP 87-58 
FLIP 87-59 
FLIP 87-80 
FLIP 87-85 
ILC 710 
ILC 830 
ILC 1130 
ILC 1141 
ILC 1687 
ILC 1748 
ICC 14197 
ICC 14218 

Mean 
SE+ 
c.v (%) 
LSD (-0.05) 



Table 2.1.17. Correlation of seed yield with other variables on four 
dates of plantirq at Tel Hadya in Spring 1990. 

Variable 

Days to flmering 
Plant vigour 
G m m 3  caver (%) 
Days to mturity 
Plant height 
Primary branches 
Secondary bzanches 
Podrnrmber 
Filled pod 
% Filled pod 
Shoot biarass 
seed yield 
W e s t  index 
--seed weight 

It can be concluded f m  this study that sowing on March 30 or 20 

can be effective in distinguishing drmght susceptible lines f m  the 

tolerant ones. Considerations must be given to earliness, seed weight, 

and plant vigour at early stages of grawth, and percent ground cover in 

selecting gemtypes tolerant of drought. 

Drs. K.B. Singh and M.C. Saxem. 

2.1.6.3. Shdy cm plant ideotype 

Zhe chidpa plant in the present form is inefficient in utilization of 

additional inputs (nutrients and water). The short stature of the 

plant makes it difficult to harvest by mchine. As a result, 
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inpmvement in in yield has been limited, harvesting is handled 

marolally and farmers w i t h  resources are leaving chickpa cultivation. 

!Berefore, there is need to t a i lo r  the chickpa plant such that it my 

u t i l i ze  Wts efficiently a113 could be harvested by machine. We 

selected from breeding mte r i a l  five different plant types, t a l l  

stature, long fruiting branches, tree type, bushy, and p m t r a t e .  In  

each class, three gemtypes were chosen with nearly the same maturity 

period. They were sown during winter ( f i r s t  week of Decerr$er] with 

three replications a t  two row spacings (30 on and 45 an apart). me 

plot s ize  was 6 rows of 4 m long. 

Observations were reoorderl on seed yield and 12 characters. The 

tree type group prcduced the highest seed yield (2793 kg had1) followed 

by long fruit ing branch group (2783 kg ha-l) and bushy type group (2696 

kg ha -I) (Table 2.1.18) . The prostrate types p d u c e d  the lowest 

yield (1367 kg ha-l). G r o u p s  w i t h  taller plants (tall type and long 

fruit ing branches) produced more seed yield a t  narrower m spacing, 

whereas other three groups produced n k x e  yield a t  wider row spacings. 

A few characters, such as  canopy width, n-r of secondary branches, 

and pod nunker were influenced by row spacing. The study needs t o  be 

repeated t o  draw conclusions on the plant ideotype. 

Drs. K.B. Sir@ and Geletu Bejiga. 



T
a

b
le

 2
.1

.1
8

. 
S
e
e
d
 

y
ie

ld
 a
nd
 o

th
e

r 
a
tt

ri
tu

te
s 
as
 

in
fl

u
e

n
c

e
d

 b
y 

d
if

fe
re

n
t 

p
la

n
t 
ty
pe
 a
nd
 r
ow
 

sp
a

c
in

g
 a

t 
T

e
l 
Ha
dy
a,
 
S

y
ri

a
, 

1
9

8
9

/9
0

. 

T
a

ll
 +

q
w

 
Pa
st
ra
te
 

T
r
e
e
 t
V
p
e
 

Lo
w
 

f
~

u
i

t
i

m
 

E
U

sh
v 
tv
ce
 

Ch
ar
ac
te
r 

3
0

a
n

 
4

5
m

 
M

ea
n 

3
O

m
 

4
5

m
 

M
ea

n 
3

0
m

 
4

5
m

 
M

ea
n 

3
0

~
0

 
4

5
~

m
 M
ea

n 
3

0
m

 
4

5
m

 
M

ea
n 

D
a
y
s
 t
o 

f
lm

e
r
in

g
 

1
3

8
 

1
3

8
 

1
3

8
 

1
3

9
 

1
4

0
 

1
4

0
 

1
3

0
 

1
3

0
 

1
3

0
 

U
O

 
1

3
0

 
1

3
0

 
1

3
2

 
1

3
0

 
1

3
1

 

I
s
y
s
 t
o
 m

at
u

ri
ty

 
1

7
6

 
1

7
7

 
1

7
7

 
1

7
6

 
1

7
7

 
1

7
7

 
1

7
3

 
1

7
4

 
1

7
4

 
1

7
3

 
1

7
3

 
1

7
3

 
1

7
5

 
1

7
5

 
1

7
5

 
P

la
n

t 
h

ei
*

t 
(
a
n
)
 

5
1

 
5

1
 

5
1

 
1

9
 

1
8

 
1

9
 

3
6

 
3
8
 

3
7
 

44
 

47
 

4
6
 

3
7
 

4
0

 
3
9
 

L
e
n
g
th

 (
a

n
) 

5
6

 
5

6
 

5
6

 
4
4
 

4
6

 
4

5
 

4
1

 
44

 
4
3
 

49
 

5
1

 
5

0
 

42
 

4
6

 
44

 
N

o
d

u
le

s/
m

ai
n

 
st
em
 

24
 

2
5

 
2

5
 

2
1

 
2

5
 

2
3
 

2
1

 
22

 
2
2
 

2
0
 

24
 

2
2
 

2
0

 
2

1
 

2
1

 
O

u
w

p
y 

w
id

th
 (

m
)

 
2
6
 

3
5

 
3

1
 

5
7

 
6
8
 

6
3

 
2
9
 

3
9
 

3
4
 

2
7
 

3
6

 
32

 
3

0
 

4
0

 
3

5
 

P
T

i
m

a
r

y
~

e
s

/
p

l
a

n
t

 
3

.3
 

3
.4

 
3
.4

 
4

.3
 

4
.3

 
4

.3
 

4
.3

 
4

.1
 

4
.2

 
4

.2
 

3
.8

 
4

 
4

.3
 

4
.3

 
4

.3
 

S
e

o
o

d
a

ry
 E

%
ta

rc
he

s/
pl

an
t 

5
.2

 
7

.4
 

6
.3

 
4

.3
 

6
.0

 
5

.2
 

4
.1

 
5

.9
 

5
 

4
.3

 
6

.2
 

5
.3

 
4

.9
 

6
.3

 
5

.6
 

p
a

a
S

/p
la

n
t 

2
1

 
2
9
 

2
5

 
2

1
 

2
7
 

24
 

1
8

 
2

5
 

22
 

2
0
 

24
 

22
 

2
8

 
4

1
 

3
5

 
S

e
e

d
s/

p
la

n
t 

1
9

 
2

6
 

2
3
 

1
2

 
2

1
 

1
7

 
1

8
 

2
7
 

2
3
 

1
6

 
24

 
2
0
 

2
5

 
3
8
 

3
2
 

B
io

m
as

s 
y

ie
ld

(k
g

/h
a

) 
6
3
4
7
 

5
5
7
4
 

5
9

6
1

 
4

7
0

8
 

4
6
9
4
 

4
7

0
1

 
5
9
4
9
 

6
0
0
3
 

5
9

7
6

 
6
8
3
3
 

6
1
2
0
 

6
4
7
7
 

5
5
1
4
 

5
8
1
5
 

5
6

6
5

 
se
ed
 y

ie
ld

 
(k

s/
h

a
) 

2
5

0
5

 
2
1
8
8
 

2
3
4
7
 

1
3

3
1

 
1

4
0

3
 

1
3

6
7

 
2
7
6
8
 

2
8
1
9
 

2
7
9
4
 

2
9
3
3
 

2
6
3
4
 

2
7
8
4
 

2
6
1
0
 

2
7

8
1

 
2
6
9
6
 

1
0

0
-S

ee
d

 
w

iq
h
t 

(q
) 

3
1

 
3

0
 

3
1

 
2

9
 

2
8

 
2
9
 

3
1

 
2
9
 

3
0

 
3
4
 

3
3

 
3
4
 

3
0

 
2
9
 

3
0

 



61 

2.1.6.4. Interspecif ic hyhidizaticn 

2.1.6.4.1. 10 x 10 dial le l  cross: A 10 x 10 dia l le l  cross including 

reciprocals with eight wild -r species and two cultigens (kabuli: 

ILC 482 and desi: CAM 67) was made. Out of 90 possible cross- 

ccmbimtions, 21 se t  401 pods p d u c i n g  480 seeds (Table 2.1.19). 

Contrary to ccaomon belief, crosses w i t h  the kabuli type prcduoed more 

seeds than with the desi type. _C. reticulatum w a s  a good pollen 

parent. Generally, F1 seeds were produd f m  the k n m  crossable 

mmbimtions, _C. arietinum w i t h  _C. echinosoenmrm and _C. reticulatum, 

and _C. echhxxennum w i t h  _C. reticulatm. Success has been reported 

from a few more cross oombhtions, although the i r  validity is not 

known. Nevertheless, su-s in prcducing hybrid seeds in _C. 

arietinum x _C. bii- is very encouraging because no success betweex 

such cross-ccnrbhtion has been reported by other researchers. 

Table 2.1.19. Seed s e t  in a 10 x 10 dial le l  cross made a t  Tel Hadya, 
Syria, 1989/90. 

Female/Male A-K A-D B E J P R T o t a l  

c. arietirium (A)K - - 55 19 51 
C. arietinum (A) D - 43 - 16 38 
C. biiusum (B) 6 3 - 2 
C. &in- - - (El 20 10 0 
C. ivdaicum (J) - 0 2 0 0 
C. pinnatifidnn (P) - 0 0 0 0 
C. reticulatum (R) - 40 26 0 1 

Total 109 96 35 92 

N.B. - = No cross was mde 
D = desi, K = kabuli 
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2.1.6.4.2. Backcrosses: In F2 populations of intempcific crosses 

involving cultivated species, sgne plants were prmnising but resembled 

more their wild parent. A few plants were backcrossed with the 

cultivated species to m e r  cultivated species with some useful genes 

f m  wild species. A total of 206 back-crossed seeds have been 

pmauced. 

2.1.6.4.3. Morcho-uhvsiolwical characterization and evaluation of 

plants in F~Z: Selected plants from crosses between _C. arietinm x _C 

reticulatum (AR), _C. reticulatum x _C. arietinum (RA),  _C. arietinum x _C. 

echhesmmm (AE), and _C. echinosx~nnrm x _C. arietinm (W) were 

evaluated for 15 characte?=s. While data are still being analyzed, the 

results shawed that yields were higher in F?A, AE and EA than the 

dtigen, but it was lower in AR. Plant sterility was noticed in most 

interspecific crosses. It was highest in AE (44%), followed by RE 

(33%), ER (16%) and EA (14%). In the future, causes for sterility will 

be investigated and an attempt will be made to develop male sterility. 

2.1.6.4.4. Evaluation of 7 x 4 tou cross: Seven wild -r species 

m nossed with four cultivated lines and 56 crosses including 

rezip-1s were produced during 1988/89. Though seeds were prcduced 

in many m s  cambinations, true F1 seeds were prcduced in only 16 

Qosses (Table 2.1.20). Ceta were recorded on 15 characters, but only 

yield is presented in Table 2.1.20. Yields were higher when cultivated 

species were used as females than when wild species were used as 

females. Yields also differed due to differences in cultigens. Hence 



to realize higher yield, cultivated species may be used as female and 

also different varieties may be used to identify the best cross 

mobination. 

Table 2.1.20. Mean per yield (g) per plant in F1 cresses between m r  
species at Tel Hadya, Syria, 1989/90. 

Cross ILC ILC FLIP FLIP Mean 
482 3279 82-15OC 85-12W 

C. arietinum x _C. ech- - 12.0 17.1 8.5 16.4 13.5 
C. echinoswnmrm - x _C. arietinum 9.8 8.4 6.2 8.4 8.2 
C. arietinum x _C. reticulatum - 27.5 22.1 20.4 30.4 25.1 
C. reticula- x S .  arietinum - 19.6 13.9 12.1 18.0 15.9 

Mean prents yield 19.7 15.4 11.8 18.3 

2.1.6.4.5. Yield wtential: Five percent superior yielding plants in 

four F2 populations of cross ambinations AE, EA, RA, and AR were 

selected and F3 generation was grown at Tertwl. wing 1990/91 the 136 

selected plants will be grown and evaluated for yield potential. 

2.1.6.4.6. Mixed mllination: An attempt was made to pollinate four 

wild Leer species with a mixture of pollen grains collected from eight 

&tigers (ILC - 195, -464, -482, -3279, FLIP 82-15K, 83-46C, 84-15C, 

85-5C). Success w a s  abtained by crossing _C. echinoscenmrm and _C. 

reticulatum. Also, some success was obtained by crossing _C. biiuqum 

but no success was obtained by crossing with _C. pinnatifidum (Table 

2.1.21) . Hcwever, genuineness of crossed seeds with _C. biiuqum will be 

evaluated next season. 



Table 2.1.21. Success in interspecific hybridization by mixed pollens 
from eight pwents at Tel Hadya, Syria, 1989/90. 

Crass 
Flowers % of 
pollinated Seed set seed set 

C. b i i w  - x _C. arietinum 76 8 10.5 
C. echinospenmrm - x _C. arietinum 167 39 23.4 
C. arietinum x _C. reticulatum - 193 25 13.0 
C. pinnatifidum x _C. arietinum - 79 0 0.0 

Totdl 515 72 14.0 

2.1.6.4.7. 9 x 9 diallel: A 9 x 9 diallel cross among nine annual 

species was made. Seeds from crosses _C. iudacium x _c. 

p-tifidium were obtained for the first time but no seeds were 

obtained from their reciprocal (Table 2.1.22) . 
Dr. K.B. Sir@ and Mr. B. Ocampo. 

Table 2.1.22. Success in a 9 x 9 diallel cross between U r  species at 
Tel Hadya, Syria, 1989/90. 

Cross 

C. arietinum x _C. reticulatum - 
C. reticulatum x _C. arietinum - 
C. arietinum x _C. echinoswmwm - 
C. echinoswnmrm x _C. arietinum - 
C. reticula- x _C. echinospem - 
C. e c h i n o s ~  - x _C. reticulatum 
C. judacium x _C. pinnatifidum - 
C. phtifidum x _C. iudacium - 

Flowers Seed set % of 
pollinated seed set 



The 1989/90 season was both abnormally cold and dry. The season had 

56 days b e l m  zero temperature against average of 33 days and 233 nun 

r a in fa l l  against  normal of 328 nun. W i n t e r - m  crop suffered severely 

due t o  -8.9% temperature on 17 March 1990, whereas spring-- cmp 

was not affected by cold. Both w i n t e r  and springsown crop suffered 

d ra s t i ca l ly  from drc+M and seed yield was much lower than previous 

seasons. yields of winter-- t r i a l s  r a i n e d  higher than spring-sawn 

trials. Mean protein content in seed of entries grown in winter w a s  

22.39% which was in the no-1 rarrJe (Table 2.1.23) . E U t  protein 

content of en t r i e s  grown i n  spring w a s  26.09% which was much higher 

than the protein content recorded i n  winter-sown ent r ies .  In the pas t ,  

such difference was never noticed, but in other crops moisture stress 

is knum t o  decrease yield and increase t he  leve l  of protein content in 

seed. 'Ihis increase in protein content needs investigation. 

Table 2.1.23. Mean protein content (%) i n  ten  preliminary yield trials 
(PYl's) grown during winter a d  spring a t  Tel Hadya, Syria, 
1989/90. 

Name of No. of entries Pmtein content(%) C.V. (S.E.) 
t r i a l  Winter Spring Winter Spring Winter spring 

Tbtdl/Mean 223 225 22.39% 26.09% 
N.B. E = Early, T = Tall ,  L = Large 
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2.2. Aplication of aiotedunlogy 

. . 
2.2.1. CNA F h g q m n h q  

In cooperation with the University of Frankfurt, F.R. of Germany, we 

extended the use of oligonucleotide probes for tNA fingerprinting in 

plants. We analyzed the intra- and irrterspecific genetic variability 

within the genus m r  and the mjor pathogen of chickpea, Iwzmhvta 

rabiei. ?he results of research during 1989/90 are sununarized as 

follaus: 

1. All sirqle sequences tested (CA-, CT-, GATA-, GACA-, Gn;-, GGAT-and 

TCC-&timers) are present and repetitive to various extents. 

2. The mmplexity of the fingerprint patterns obtained strongly depends 

on the sequence motif used for hybridization. Fig. 2.2.1 

den~~nstrates that hybridization of (GATA)4 to restriction enzyme- 

digested chickpea LILA exhibits highly variable patterns for 

different accessions, whereas (GACA)4 and (GGAT)4 show limited 

heterogeneity, and provides no accession-specific information 

at all. 

3. The optimal combination of probe and species has to be determined 

empirically for each case. using different prdx?~, species-, 

variety- or individual-specific patterns can be obtained. In case of 

chickpea, (GATA) anJ. (GACA) are pramism as accession--specific 

P h .  

4. The banding patterns are scumtically stable as shown in Fig. 2.2.2 

and are inherited in a oxlankant Mendelian manner and segrcqate in 

the F2 generation as shown in Fig. 2.2.3. 

5. Different pathotypes of fungus Aswchvta rabiei used for ?XSi&anCE 



Figure 2.2.1. Different oligonucleotide probes reveal various levels of 
intraspecific polymorphism within chic-. CNA f r o m  
thirteen chic- accessions derived from our chi- 
germplasm collection were screened for genetic 
plynorphi- by in-gel-hybridization with the 3 2 ~ -  
labeled oligonucleotide probes. Digestion was performed 
with Taq I. Positions of molecular weight markers are 
given in kilobases. 



Cicer arietinum 

s tem 

Figure 2.2.2. EN?+ of roots, stem and pods of a single plant of chickpea 
line ILC 3475 was extracted, TaqI digested and probed 
with (GATA) 4. The DNA fingerprints do not reveal any 
difference between the different plant tissues analyzed 
and indicate s w t i c  stability. 



Figure 2.2.3. Segregation of parental differences in (GATA) detected 
Taq I-fragments in F1 and F2 individuals of chickpa. 
Chic- r~terial used includes: 
1250: 5 individuals from accession IU3 1250; 8-0: 5 
individuals from accession FLIP 82-150; E: 5 individuals 
from IIC 1250 x F'LIP 82-150; and g: 8 individuals from 
the offspring of selfed F1 plants. Total DXA was 
purified from leaves of individual plants, and digested 
with Taq I. After electrophoretic separation of the frag- 
ments, the gel was dried and hybridized to a 32P-labeled 
(GATA)4 oligonucleotide prohe. Molecular weight markers 
are indicated in kilobasepair;. Bars connect linked 
fragments. ?he arrcw indicates a fragment present in 
neither parent and m y  possibly represents a mutated 
allele. 
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Ascochyta rabiei races 

1 2 3 4 5 6  1 2 3 4 5 6  

Enzyme : Taq I Mbo I1 

Probe : (CAI 8 

Figure 2.2.4. Pathotyping different races of Aswx21v-b rabiei by 
oligonucleotide fhq-erprinting. DJA was isolated from 
single-spore- derived myoelia of 6 different fungal 
isolates held at ICJWA representing 6 races differing in 
the level of pathogenicity against chickpza. After 
digestion with Taq I or Mbo I1 fungal DJA was 
el-0- and in-gel-hybridized to the 
oligonucleotide. Four different patterns were obtained, 
as shown by Race 1, Race 2, Races 3 & 5 ,  and Races 4 & 6. 
-itions of molecular weight markers are given in 
kilobases. 



Nonradioactive DNA fingerprint of chickpea 

FLIP 82-150 

Molecular 

weight 

marker 

Figure 2.2.5. Nonradioactive fingerprinting of 4 plants of M P  82-150. 
Total DNA of lyophilized leaves and stems was extracted 
with a modified CTAL? methcd and digested with Taq I. DNA 
fragnents were separated according to size by 0.8% 
agarose gel electrophoresis. After a modified Southern 
transfer to a nylon membrane the material was pmbed with 
the non-radioactive digoxigenin-labeled oligonucleotide 
probe (GATA)4. Positions of molecular weight markers are 
given in kilobases. 
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screening in chickpea at ICARW can be distinguished by their 

fingerprint patterns as shown in Fig. 2.2.4. 

6. Non-radioactive digoxigenin-labeled oligonucleotides can be applied 

for DNA fingerprinting in chickpea as shown in Fig. 2.2.5. 

Dr. F'ranz Weigand (ICARW) and Prof. Dr. G. Kahl (University of 

Frankfurt) - 

2.2.2. CNA Transfer S M i e s  

Cur earlier studies had shown that Aqrcbacterim tumefaciens could be 

used as a gene vector for transformation in chickpea (FLIP Annual 

Report 1987). Research is being done in the Depxrhwnt of Aqmnomic 

Science and Plant Genetics of the University of Naples, Italy, in a 

collaborative project with ICARDA, on developing a suitable method for 

DNA transfer including the use of _A. tumefaciens. 

In a cocultivation experiment using _A. tumefaciens strain 

carrying the helper plasmid pGV2260 and the bhaq vector p35GUSINI and 

ungermkted excised embryos of chidqea cultivars 'Sultanof and 

'Prircipe', explants shawing GUS (glucuronidase) expression were 

obtained, but the prcentaqe was low (7% in 'Sultanof and 18% in 

'Winciper) . Mirroscopic exambation of GUS' plants revealed that 

transgenic cells were located in the subepidennical and mistemtic 

layers of the stem. Because of this, the selection of transfonned 

tissues and regeneration of plants from these would pose a problem and 

would need further study. 



7 3  

Studies were also carried out on the direct plasmid CNA transfer 

using plasmid pPLl (R. Penza and M. Leone, unpblished results) which 

carries GUS-DW gene from p35 GUS-INT, ard urgenninated excised embryos 

of both chickpa cutlivars mentioned abwe. The frequency of embryo 

transformation was even lmer than in the previous expriiwnt and was 

obtained only in 'Principe', and the expression again was chimeric. 

Drs. G. Bile, C. W t i ,  E. Filippone and F. Saocardo, Naples, Italy. 

Chickpa suffers from several diseases in the ICARDA region, but 

A s x x x h y t a  blight is the most imprtant. A mjor enphasis is therefore 

given to identify durable and stable sources of resistance to 

A s u x h y t a  blight in germplasm for use in the hybridization program. 

Of the other diseases m i u m  wilt and other soil-Wme diseases are 

most m n  in North Africa. Screening for wilt resistance is carried 

out in cooperation with national p- in 'IUnisia and Spain. Stunt 

(bean leaf roll) virus is present throughout the region. 

'Ihe objectives of chic- pathology research at ICARDA are to: 

(1) screen chickpa germplasm for identification of sources of 

resistance to m y t a  bliqht by using field screening technique; (2) 

combine efforts with chic- breeders towards development of high 

yielding and cold and Ascochyta blight resistant chickpa cultivars; 

(3) share the resistant mterial with national proqmms through 

ccqxrative research ard nurseries; (4) monitor the presence of 
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pathogenic variability in Ascochvta rabiei; (5) study the epidemiology 

of A s a x h y t a  blight; (6) collect infomtion on other chic- 

diseases in the WANA region throqh field surveys; and (7) develop 

cooperative work with national programs. 

2.3.1. Screening for Asca+@a Blight ~~ 
2.3.1.1. Field :-g 

Six races of _A. m i  have been identified from Syria and Lebanon. 

Since only a few lines were found resistant to races 5 and 6, earlier 

screening of germplasm and breeding lines was carried out against a 

mixture of only four races (1 to 4). Shsequently the breeding 

prcqram used lines resistant to race 5 and race 6 in crosses. It was 

observed that many lines susceptible to races 5 and 6, individually, 

were resistant against a mixture of races 1 to 6. The germplasm lines, 

wild species and breeding material are now evaluated against a mixture 

of 6 races since the 1988/89 season (Table 2.3.1) . In 1989/90, spore 

suspension prepared by mixing equal amount of spores of six races was 

sprayed to create artificial epiphytotics in the field. The disease 

started well, but when teqerature on 17 March 1990 dropped to -8.9"C 

the disease developcent stopped; the second fortnight of March 

continued to be cold. The nursery was again sprayed with spore 

suspension four times in April but sudden warm and dry weather did not 

permit disease develomt. Cold killed nearly 80% of the material in 

the nursery. The disease developcent in the remaining 20% of +Ae 

material was poor and unreliable. Of the 256 germplasm lines 

evaluated, only one was found moderately resistant (rating 4), another 
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one had intermediate m c t i o n  rating (5 ) ,  and the m i n i n g  254 lines 

had a rat* between 6 and 9. Ihe moderately resistant l ine  w i l l  be 

reevaluated next season. 

Table 2.3.1. chi* material screened in the Asa=chyta 
blight nursery a t  Tel Hadya, Syria, 1988/89, 
using a mixture of races 1 to  6. 

Material No. of entries 

m a t i o n s  
bulks 
P--+= 
P-3e"+es 
Pw-+es 
Progenl- 

New germplasm lines 

Resistant desi and kabuli entries 

IYT, Am, Prr lines 

ILC 482 selections 

Wild species accessions 

2.3.1.2. -isan of growth cfiamber ard screenirg 

Screening of germplasm and breeding lines t o  Asachyta bliqht a t  1- 

is usually done i n  the field.  But more reliable results can be 

obtained under controlled conditions (greenhouse and growth chamber). 

Therefore, an expriment using 60 lines w a s  conduded in the field, 



green house and grawth chamber to make relative caparisons. 'Itro 

replications were used. The mterial was sprayed with a mixture of six 

races. Since the material was destroyed by cold in the field, this 

trial was discarded. In the greenhouse plants were sprayed with spore 

fllspension twice, once at seedling stage and again at initial podding 

stage and were allowed to grow to maturity. In the gra\rth chamber, the 

material was inoculate3 at seedling stage. 

Table 2.3.2. Evaluation of 60 lines for resistance to a mixture of 
races 1 to 6 of A. &i in growth chamber and green 
house at Tel Hadya, Syria, 1989/90. 

G r o w t h  chamber G r e e n  house 
Scale No. of accessions % of total No. of accessions % of total 

Mean rating 5.48 

S.E. of mean 0.588 
C.V. (%) 15.178 
L.S.D. (P< 0.05) 1.665 
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Disease rating was done on the seedling in the growth chamber and 

on the adult plants in the greenhouse. The results are presented in 

Table 2.3.2. The mean rating in the green house was 6.1 on a 1-9 

scale (1 = no disease; 9 = complete kill) against a mean rating of 5.5 

in the growth chanhr. The correlation hetween the disease ratings was 

~0.5218. 'Ihis suggests that screening of chi- in greenhouse 

until pcdding stage was as reliable as that in the growth chamber. In 

this study a highly resistant breeding line, FLIP 87-509C, was 

identified whose rating needs to be confirmed. 

2.3.1.3. nmluatim of wild species to blight 

One hundred and seventy-one accessions of eight wild k r  species 

were evaluated in the greenhouse against a mixture of races 1 to 4 and 

a mixture of races 1 to 6 following the standard procedure. ?here 

were two replications and the higher rating of the two was assigned to 

the accession. The results are presented in Table 2.3.3. W h e r e a s  a 

large number of accessions were resistant at seedling stage, only eight 

accessions were resistant against a mixture of races 1 to 4 and three 

against a mixture of races 1 to 6 at the adult stage. 

2.3.1.4. of breedirq lines for resistans to kim&yta 

blight 

All breeding lines found resistant in field screening against a mixture 

of races 1 to 4 in the past were evaluated in the greenhouse against 

mixtures of races 1 to 4 and races 1 to 6. Surprisingly none was 

fcund resistant, except FI;fp 84-91C, which was mcderately resistant to 
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a mixture of races 1 to 4 and had an intermediate reaction to a m i x t u r e  

ofraceslto6. 'Ihisstudyw.qgeststhatgreenhousemeeningistoo 

rigorous and himy favorable to path- developoent. 

Table 2.3.3. R~action of wild Leer species to nixture of Ascochyta 
bliqht races 1 to 4 and races 1 to 6 at different stages 
in the green house at Tel Hadya, Syria, 1989/90. 

Mixtureof4races Mixture of 6 races 
Scale Seedl ing  Adult seedling Adult 

No. of accessions 
0 0 
0 29 
0 0 
8 1 
46 13 
72 26 
31 31 
10 12 
4 62 

2.3.1.5. Ieevaluiiticn of kabuli 1- fcurd resistant in the field 

s=-=niw 

Screening of wer 5000 kabuli germplasm accessions against Asccchyta 

blight in the field revealed 31 resistant lines. These were evaluated 

in the greenhouse against a mixture of four races and six races by 

permitt+ the plants to g r m  until podding stage. Standard 

inmulation prccdum was followed. Results are presented in Table 

2.3.4. TWO lines, Irr: 200 and IU: 6043, were found moderately 



resistant to a mix tu re  of fcur race5 and ILC 6189 was found resistant 

to a mixture of six races. After reconfirmation in the f ie ld  these 

three lines w i l l  be used in the breeding program. 

2.3.1.6. m u a t i m  of &si lines fcmd " k in W field 

screening 

Screening of over 12,000 desi gemplasm accessions against Asaxhyta 

bliqht in the f ie ld  in the past identified 690 lines resistant or 

moderately resistant. lhey w e r e  evaluated in the qreenhouse in the 

same way a s  the kabuli germplasm (2.3.1.5). Results are  presented i n  

Table 2.3.5. Only ICC 4290 was found resistant t o  a mixture of four 

races, and ICC 94 was found resistant t o  a mixture of six races. These 

lines w i l l  be used in breeding prcgram. 

Table 2.3.4. Reaction of kabuli chic- germplasm lines, identified as 
resistant in the field, to a mixtue of four an3 six races of 
AscozhVta *i in the greenhouse, at Tel Hadya, Syria 
1989/90. 

Mixtun? of four race5 at Kixture of s i x  ra- at 
seedlim Pdult stwe seedlim Pdult staqe 

Scale No. of % of NO. of % of No. of % of No. of % of 
accession total aooessesion total accession total accession total 



Table 2.3.5. Readion of desi chi- germplasm lines identified resistant 
in the field to a mix tu re  of four and six races of AMochvta 
*i in the greenhouse, at Tel Hadya, Syria 1989/90. 

Mixture of four races at Mixture of s i x  races at 
seedlina Adult stacre Adult staqe 

Scale No. of % of No. of % of No. of % of No. of % of 
accession total a-sesion total accesseion total accession total 

2.3.1.7. Zbzmluatian of breeding lines fam2 resistant in field 

==-jJKl 

Evaluation of 1168 breeding lines in the field in the past identified 

169 lines as resistant. These lines were evaluated in the greenhouse 

like kabuli and desi germplasm accessions (Sedion 2.3.1.4) . Results 

are presented in Table 2.3.6. One line, FLIP 84-79C, was found 

resistant and six lines moderately resistant to the mixture of four 

races. FLTP 84-91~ was found moderately resistant to a mixture of six 

mces. These lines could be used in the breeding prapin. 

Dr. X.B. Singh and Ms. Siham Kabbabeh. 



Table 2.3 .6 .  Readion of wistant desi chic- gennplasm lines identified 
in the field to a mixture of four ard six races of AsXChVta 
e i  in the greenhouse, at Tel Hadya, Syria 1989/90 

Mixture of four races at Mixture of six races at 
SeedlinS ~dult plant seedlira Adult ~lant 

Scale No. of % of No. of % of No. of % of No. of % of 
accession total accessesion total aocesseion total accession total 

Studies focused on the developrent of different control methods for 

chi- leafminer (Liriomyza cicerh), the effect of cultural methods 

and different times of insecticide application on podborer infestation 

as well as the evaluation of methds for protection of seeds in 

storage. 

2.4.1. chickpa 

2.4.1.1. Yield loss assessnrrt 

Leafminer b q e  and yield losses were measured at two on-farm 

locations (Alkamiye ard Al Ghab) in spring-sown an3 at Tel Hadya in 

winter- and sprirq-scwn chickpea. Because of the law rainfall and 

late frost, yields in general were law, especially at Tel Hadya, ard 
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were not affected by leafrniner control (Fig. 2.4.1). One spray of 

35 (2 m/l)  a t  fl-ing and two sprays a t  prefl-ing and 

fl-ing stages significantly reduced the peroent mining i n  spring- 

swn crop a t  a l l  locations with no difference between one o r  two 

sprays. Campared to previous years leafminer infestations w e r e  not as 

severe; only a t  Alkamiye was the percent mining high. I n  the w i n t e r -  

sown chi- the percent mining was sl ightly 1- than i n  the 

spring-sown crop. 

In the beginning, middle and end of May, 10 chickpa shwts  were 

collected fran the check plots, p l a d  in the laboratory and the mnnker 

of emerging leafminers and parasitoids counted. The highest rnrmber of 

parasitoids emery& from the shoots collected a t  Tel Haciya: 20, 1 2 1  and 

392 parasibids  were obtailed a t  the 3 dates, respectively. Thus, 

tuiards the end of the season the parasitization rate increased 

traendcusly and it would be worthvihile to study pssibilities t o  

enhance the parasitoid populations and use them as biolcgical control 

agents ear l ier  in the season. 

2.4.1.2. C h 3 U . i c a l  ccPrtrol O f  1 ' ' 

me effectiveness of neem (Azaderichita -) extxact applications (5 

sprays of a solution consisting of 0.5 kg seeds/lO 1 water, a t  a rate 

of 500 l/ha on 12 and 23 April, 1, 9 and 17 May 1990) for leafminer 

control was studied i n  ccrmparison w i t h  2 sprays of 'Ihiodan (2 cc/l a t  

500 l/ha) a t  prefl-ing and flowering (23 A p r i l  and 9 May). check 

plots w e r e  sprayed 5 times with water (500 l/ha) on the dates as 



Alkamiye (spring) S,E, 0,04 
S.E 1.6 
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1 spray 
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Figure 2.4.1. Effect of insecticide aplication ('lhicdan 35, 2 cc /1) 
on leafininer infestation and seed yield in chickpa at 
Tel Hadya and farmers fields, 1989/90. 



the neem extract. The percent mining was significantly 1- in the 

neem ard Thiodan sprayed than water sprayed plants (Table 2.4.1) . At 
the first sampling date the neem extract was almcst as effective as 

Thicdan in reducing the leaf mining, but on the second date the 

effectiveness was less. The neem extract application, like lbiodan 

spray, slightly increased seed yield, but because of the lox rainfall 

yields were l m  and no significant differences were obtained. 

Table 2.4.1. Effect of 5 applications of neem extract as cconpared to 2 
sprays of Thiodan on leafminer infestation on 1 and 16 May 
1990 and seed yield in chickpea, Tel Hadya, 1989/90. 

Treamt %: mining on Seed yield 
1 May 16 May 

N- extract 13.2 
micdan 11.2 
Water 21.7 

S.E. 1.6 2.5 18.5 
LSD (R0.05) 5.4 8.7 N.S. 

2.4.1.3. Ibost plant re~istanz to 1- 

In addition to cmtinuir-q the screening of chickpa gemplasm, some 

previously selected, p d s b q  chi- lines were studied to further 

relate the degree of resistance to the extent of damage and response to 

chemical control. Four chickpea lines in winter, and 8 lines in spring 

together with the susceptible check (Syrian Local ILC 1929) were grown 
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without and with the protection of 1 and 2 insecticide applications of 

lhicdan 35, 2 cc/l) . Yields were low and inconsistent, especially in 

spring sowing. 

Ieafminer infestations were mnitored by placing water filled 

trays between chickpa rows to collect the larvae dropping f m  the 

leaves to the soil for pupation. In the winter-sown chickpa the total 

number of larvae per tray varied between 60 and 80 in ILcs 316, 655 and 

1216, cconpared to a total of only 10 larvae in ILC 5901 (Fig. 2.4.2) . 
?he relatively l m  number of larvae found in the Local was due to 

severe frost damage of the plants. Olle insecticide application greatly 

reduced the nmbsr of larvae in all chi- lines, except ILC 5901. 

In spring-sown plots without insecticide application the total 

n m h r  of larvae was highest in ILC 5655 and -1 with a mean of 81 

and 100 larvae per tray (Fig. 2.4.3). In ILCS 316, 394, 655, 1048, 

1216 and 3828 the mean n m b r  of larvae was significantly lower and 

varied between 26 and 44 larvae per tray. 2he numher of larvae in ILC 

5901 was again extremely law, with only a total of 3 larvae per tray 

found aver the whole season. 'Ihese results confirm that ILC 5901 has 

scxme mechanisms of resistance against leafminer. 

In the preliminary studies on possible mechanis~ns of resistance 

the analysis of leaf exxidates by HPLC revealed higher amunts of mlic 

acid in the exudates of IIC 5901 than in the susceptible ILC 3398 and 

Inca1 (ILC 1929). The role of the leaf exudates as a resistance 
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Figure 2.4.2. (Xmldative mmbx of weekly collected 1-e of 
leafminer per tray in different w i n t e r  sown chickpa 
lines w i t h  anl w i t h o u t  insedicide application (?hicdan 
35, 2 cc /l), Tel Ham, 1989/90. 
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Figure 2.4.3. ~ e a n  number of weekly a d a t e d  leafminer larvae per 
tray in 9 spring - chickpa lines, -1 Kdya,  1989/90. 
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mchanism and their effect on leafminer has to be studied further. 

Drs. S. Weigand, K.B. S ~ $ I  (1C;ARDA) and H. Rembold (F.R. of Germany). 

2.4.2. chi- Fdborer 

A t  Izraa Resear& Station i n  southem Syria experiments on saw aspects 

of htqmted control of podborer were continued. Monitoring by 

pheramm traps revealed that both species, Helicoverw anniqera and 

Heliothis viriplaca, emrqd in early April and reached a peak in l a t e  

April. H. viriplaca disappeared a f te r  mid-May, whereas _H. armiqera had 

two more peaks and m i n e d  present unt i l  harvest. Podborer 

populations and infestation this season were lower than in the l a s t  

season. 

In the e-priment on the effect of 5 sowing dates on pdtm-rer 

infestation in 3 chic- cultivars (Ghabl, Ghab 2 ,  L c c a l )  the highest 

pod damage w a s  found in the December sown chickpa (13 t o  12  %) (Table 

2.4.2). In the l a t e  sowing dates pod damage was only 6 t o  8 percent, 

except for Ghab 2 ,  which because of its l a t e  maturity a t  the March 

scrwing date only had few number of pods and therefore the percent pod 

damage w a s  high. In a l l  cultivars the yield was highest in the f i r s t  2 

sowing dates. At a l l  sowing dates the yield of Ghab 2 was lower than 

those of Ghab 1 and Lccal, mainly due to its la t e  maturity. 



Table 2.4.2. Effect of 5 sowing dates on m r e r  infestation and grain 
yield of 3 chickpa d t i v a r s ,  Izraa, 1989/90. 

sowing 
date 

% pxl infestation 
Ghabl Ghab2 Local Mean 

1 Dec. 1989 
26 Dec. 1989 
20 Jan. 1990 
14 Feb. 
10 March 
Mean 

Yield h/ha 
Ghabl Ghab2 Lccal Mean 

LSD (R0.051: 

mtes 
Cultivars 
Two dates at  different  

d t i v a r s *  

In the  experiment on the  effect  of plant density the  lowest pod 

damage w a s  found a t  the lowest plant density of 20 plant/m2 and the 

hiqhest a t  the highest plant density of 50 plants/m in a l l  3 chickpa 

cult ivars (Table 2.4.3) . This conform w i t h  the  resul ts  of l a s t  

season. The n-r of larvae per 5 plants and per m2 increased with 

increasing plant density. The yield w a s  h imes t  a t  the density of 25 

plants/m i n  a l l  cult ivars and lowest a t  the highest density for  Ghab 1 

and -1 and a t  33.3 p l a n t s / m 2  for  Ghab 2. 



Table 2.4.3. Effect of plant density on poborer infestation and grain 
yield of 3 chi- &ti-, Izraa, 1989/90. 

Plant density F d  infestation Yield 

20 9.53 9.35 10.2 9.69 809.36 58.43 708.73 725.39 
25 12.5 11.78 13.58 12.62 820.7 726.25 744.48 763.81 
33.3 13.2 14.83 14.85 14.29 679.18 609.75 711.6 666.84 
50 17.22 17.73 18.45 17.8 608.78 655.73 638.9 634.47 

MBan 13.11 13.42 14.27 792.42 662.54 700.93 

LSD fR0.051: 
Plant density 0.62 
Odtivars 1.09 
Tho plant density treatments 1.42 
at different cultivars 

To determine the best time of insecticide application to control 

p3tmrer ?hidan 35 (6 cc/l) was sprayed at 6 different dates in Chah 

2 and kxxl cultivars. In the Lacal the insedicide application on 25 

Pgril resulted in the lowest pod damage of 3.7% and hiqhest yield of 

1003 kg/ha as ccwpared to 12 percent pod damage and 777 kg@ yield in 

the untreated check (Fig. 2.4.4). In Ghab 2 the 1- pod infestation 

(4.9%) and highest yield (923 kg/ha) were found in the later 

a~plication date (6 May) because of its late maturity. Unlike last 

season the best time of application did not correspond with flowering 

stage of the crop, but was delayed to podsetting. 'Ihis can be related 

to the later increase of p3tmrer population this season. As the 

number of larvae per plant was law this season varying between 0.6 and 

1.6 on different dates this could not be used as indication for the 

time of insecticide application. Fmn the two seasons results it can 
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Figure 2.4.4. Effect of date of insecticide application (?hi& 35, 6 
cc /1) on seed yield and pod damge of 2 chickpea 
c u ~ t i v ~ ,  Izraa, 1989/90. 
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be concluded that the pheromone trap catches and the phenolqical stage 

of the crop considered together would give the best indication for the 

cr i t i ca l  time of insecticide application. 

Mr. A. El -Sad ,  Dl-. F. Samm (Damascus University) and Dr.  S. 

Wigand. 

2.4.3. a d s  

T h e  relation between the pH of leaf washings ard infestation with w s  

craccivora found l a s t  season w a s  further studied t o  detemhe  &ether 

the pH contributes t o  resistance t o  aphids. Chickpa plants of 

genotypes IL13 316, 655 and 6104 (resistant) and the susceptible ~rmtant 

15040 w e r e  grown in the plastichouse and ar t i f i c ia l ly  infested with 5 

adult _A. craocivora per plant a t  4 different growth stages (early 

vegetative, l a t e  vegetative, flowering and podsetting). Starting 1 

week af te r  infestation the number of aphids per plant was counted on 3 

plants of each genotype in weekly intervals unt i l  maturity. On the 

same date the 3 plants were harvested. After determining the fresh 

weight of different plant parts these were submerged separately in 40 

m l  deionized water and shaken for 10 sec t o  get leaf washings of which 

the pH w a s  measured. The relation between the pH of the leaf washings 

and number of aphids per plant d d  be described by an expnential 

regression line (Fig. 2.4.5). Abare a pH of 5 the n1uke-r of aphids per 

plant increase3. expnentially. The pH was higher (betwen 5 and 6) in 

the mutant 15040, which also had extremely high aphid infestations, 

whereas in a l l  other genotypes the pH was lower (between 3.5 and 4.5) 

and the number of aphids was low. These results confirm that the pH of 
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Figure 2.4.5. Regression line describing the relation between pH of 
chi- leaf washing an3 nmber of Aphis craccivora per 
plant. Each value is the mean of 3 plants of 4 gmtypes  
a t  one sampling date. 
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leaf washings, i.e. the ocrmposition of the leaf exudates, is an 

hprtant factor determining the resistanoe/susceptibility of chi* 

to @ids. 

IXs. S. Weigand and F. Weigand. 

2.4.4. -on of cnickpea Seeds in storage 

A rnrmber of traditional methods of seed protection were tested for 

their effectiveness in cconparison with 2 insecticides, Actelic (1.0 and 

0.5 g/kg seed) and ~-othrin (0.5 q/kg seed). seeds of chi* cv IK 

482 were mixed with the following subs- (per kg seed) : 

salt, 2% Red chilli, 2% 

Olive oil + salt, 5m1+20g Red chilli + salt, 2Oq+20g 

Garlic, 1% Defleh, 10 leaves 

Garlic + salt, 10g+20g Kina, 10 leaves 

Onion, 2% Fig, 10 leaves 

Onion + salt, 2092% Water, lOml  

Every 3 months 50 seeds were infested with each 4 of female and 4 

male E. chinensis and the nunher of prcgeny per f&e and percent 

infestation counted after 1 month. The insecticides and olive oil + 

salt treatments showed a high level of effectiveness in controlling the 

damqe. Even 10 months after the treatment the insecticides gave 100% 

protection (Fig. 2.4.6) . In the olive oil + salt treatment only 9.4 
and 3.6 percent of the seeds were infested after a period of 8 and 10 

months, respectively as against 100% infestation in check. Salt alone 

was not effective. The seeds treated with olive oil and salt are m 
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being tested for their cookability and any possible negative effects on 

nutritional quality. 

Drs. 0. Tahhan and S. Weigand. 

2.5. chi- Biological N i t m g e n  Fixation 

2.5.1. Evaluatim of Need for =ticm in Selected Syrian Soils 

Inoculation of chidpa can have a large impact on yield, where native 

rhizobial ppulations are low in number or ineffective with intrduced 

cultivars. Evaluation of the necessity for inoculation therefore fonns 

an imprtant caqwnent of strategy in N2 fixation inp~uvement, as it 

allows the investigator to focus efforts in those areas where response 

to inoculation with improved strains is most likely. 

The absence of a native rhizobial population noddating chickpea 

will indicate that inoculation is neded. However, 1- research has 

sham that specific strain-cultivar interactions occw in chidpa, and 

necessity for inoculation may also exist where intmfk~ced cultivars 

cannot exp- their full capability for N2 fixation in symbiosis with 

native rhizobial populations which have developed in coadaptation with 

local 1and.races. It is therefore necessary to evaluate both the 

presence (population size) and the symbiotic (N2 fixing) effectiveness 

of ~ t i v e  rhizobia with intrcduced cultivars to deknnim whether 

incculation is merited. 

Most probable number estimations of native rhizobial populations 
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were performed on soils collected from 17 sites in N. Syria, utilizing 

chidqxzs grown aseptically in gravel-vermiculite substrate in large 

test tubes. The proportion of nodulated plants at increasing soil 

dilutions indicates the relative number of rhizobia nodulating 

cfiickpa, but does not indicate synbiotic effectiveness of these 

rhizobia. A more sophisticated methodology, employing aseptic, N-free, 

hydrqmnic gravel culture was developed, where seedlings inaculated 

with soil dilutions were gram for longer duration. This method allows 

evaluation of both the size and the symbiotic effectiveness (SE) of the 

native rhizobia, by mmparing total N or dry mtter production in the 

rfiizobia treabwnts with N l y  N-fertilized controls. 

Existing facilities and mnpmer in m t  national 1- research 

propans in the region, however, do not allow for sophisticated 

evaluations of native rhizobial populations or their effectiveness; 

many programs are uMble wen to wndud consistent most probable 

nunkfz technique measurements of soil rhizobial populations under 

aseptic conditions. Therefore, a simple agronomic method to determine 

potential v n s e  to inoculation, utilizing crop yield response to 

ni'uqen fertilizer in soils as an indication of necessity for 

inoculation, was also corn* in the greenhouse using intact soil 

ares from the same 17 sites in N. Syria. Soils m the cores are 

relatively undisturbed, providing a physically and microbiologically 

intact portion of the field for rhizcbia and plant growth studies. ?he 

soil core experiments had in m n  an uninoculated treatment receiving 

no N fertilizer and a treatment of 120 kg N ha-I applied as split dose 
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at sowing and early flowering. Some experiments in addition included 

Rhizobium strain treatments utilizing strains selected for mimum N2 

fixation with the concerned cultivars in aseptic hydroponic culture. 

These soil core experiments were harvested at early pod-fill, and plant 

dry weight and N contents were determined. 

The combined results of the four methods for 17 sites, shown in 

Table 2.5.1, indicate the value of each separately and in combination 

with the other methcdolqies. Sites are ranked by SE as determined in 

N-free hydroponic culture; the rhizobial population at Jinderess was 

most effective in N2 fixation (prcducing 77% of plant dry matter 

obtained in the control receiving 100 mg N @-I), while at Breda the 

absence of rfiizobia was expressed as the lowest measured SE. Both 

population (MFN) and soil core data support the SE rankings, 

especially at the extremes of symbiotic effectiveness (high and lm). 

S m  exceptions, in particular at those sites with SE values near 50%, 

are h-er evident. Native rhizobial populations in soils from kir 

Sawan and B e f t a m u n  were large, but displayed moderate SE; 

effectiveness data was supported by a large plant response to N 

application in soil cores. Native populations at Mourek and Tal Sahhan 

were l m  and gave moderate effectiveness values, but chickpea plants 

did not respond to N application or inoculation in soil cores. !The 

small native population in Tel Hadya field C-6 was not effective, and 

plants reqmnded significantly to N application and inoculation. At 

Banias and A1 Hmeiz, large response to N applications were not 

observed, though SE values were very low. 



Table 2.5.1. Evaluation of need to inoculate at 17 locations in Syria, 
using fwr mthcds to evaluate numker and effectiveness of 
native rhizobial populations and w n s e  to N application 
and indation with superior strains. 

symbiotic' MR.l population N respod I- res$ 
LDcation effectiveness cells g-l soil % % 

Jindere~s 
Alkamiyeh 
Sheikh Yousef 
Afrin 
Tal Sahhan 
Deir Sawan 
Mourek 
Beftamxvl 
TaftaMse 
Deir Kaak 
Tel Hadya 
Tama~a 
Salan-eyeh 
Handaneyeh 
Banias 
Al Hmeiz 
Breda 

+ Effectiveness of native strains in plant d r y  matter prcduction under 
N-free corditions, as proportion of 100 q N pot-' control. * Total plant response (%) of N-fertilized or inoculated treatments 
over unfertilized, unindated controls in intact soil cores. 

Papulation, as determined by the MPN technique, was alone not an 

adequate indicator of the potential inoculation response. Data fnan 

soil WE expriments presented here confirms earlier findings (FLIP 

1988 Annual Report), mere plant respnse to N ard to inoculation in 

soils were closely correlated, inplying that sinple tests for response 

to N can indicate potential for reqonse to inoculation with selected 

strains. Wiotic effectiveness, evaluated using the hydroponic N- 
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free system, gave a very reprcducible and accurate estimation of 

necessity for inoculation and, in addition, gave accurate estimations 

of soil rhizobia populations. In this methodology evaluation results 

f m  hydmponic SE testing were generally well supported by N response 

data in soil cores, with the exoeption of som sites having 

intemediate SE values. Because soil core studies can be c o w  

without special facilities, this method is recammded for survey of 

nee3 to inoculate in chickpea. 

Dr. D. Beck. 

2.5.2. iltivar Interactim for Symbiotic Efficiency in 

*a= 
Data from field and greenhouse expriments conducted during the last 3 

years with a range of improved chickpea cultivars and rhizobia strains 

nodulating chi- have shown that strain-cultivar specificity for N2 

fixation in Kabuli chickpea exists. In field experiments using a range 

of cultivars and 3 serologically-distinct strains, differences in 

strain nodule ccaqanq, seed yield, crop N yield, m t a g e  of N 

derived from fixation (%Ndfa), and N fixed were significant for 

cultivar, strain and the interaction (see 1989 Annual Report). 

The degree of interaction between cultivars and strains is most 

apparent under aseptic N-free conditions using a hydroponic system in 

the m o u s e ,  *ere all plant N is obtained from the seed and N2 

fixation. In several such eqxriments, the ICARDA chickpea collection 

of 110 isolates/strains were evaluated for N2 fixation perfo?nmc!e with 
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6 cultivars, with the objective to select superior strains for further 

studies in inoculation mqonse. 

Although strains #36 and #39 (selected previously for 

international inoculation respnse trials) shm the best p e r f o m  

acrms cultivars, the most efficient strain for each dtivar may be 

different (Table 2.5.2). Strain #36 has high-mzderate SE on I K  482, 

ILC 5396, and I K  6327, but capred  to the most effective strain has 

lux SE with IIC 195, I K  3279 and ILC 6281. Strain #39 has low SE on 

Iu: 482, but relatively high SE with ILC 3279. Only strain #38 gave 

highest SE on nmre than one cultivar, but fixation was relatively low 

with cultivars IIJZ 482, I K  5396, and ILC 6281. Strains #36, #38, and 

#39 are cormnercial strains, obtained from USA collections of the 

Nitragin Co. or USW-ARS in kltsville, MD. Strains #69, #86, and #92 

were obtained from field isolations in Turkey, France and Syria, 

respectively. 

This interaction between strains and cultivars for N2 fiwtion 

efficiency, in addition to a similar interaction for competition and 

nodule formation (unpblished data), complicates the approach to wide- 

scale inoculation of chic- cultivars, especially where new inpmed 

cultivars are being released on a regular basis. Two strategies may be 

used to increase N2 fixed by the chickpa crop. Selection of cultivars 

for high N2 fixation with a broad range of rhizobia rectuces the need 

for m a t i o n  with specific strains: in these trials cultivar IIC 

6281 had the highest SE while IIC 3279 was the least effective fixer 



with a range of strains (Table 2.5.2) . This approach, however, may 

fail where native strains are absent or ineffective. Alternatively, 

mixtures of highly effective strains may be used as inoculants. This 

appmch works with same cultivars, but is dependent on strain-cultivar 

interaction for wnptitiveness in nodule formation. Investigations 

into these aspects of host-strain specificity are continuing. 

Dr. D. Beck. 

Table 2.5.2. Synbiotic efficiencies (SE) of 6 superior rhizobia 
isolates on 6 diverse chickpa cultivars, as evaluated 
urder aseptic N-free hydroponic system in the greenhouse. 

Symbiotic efficiency rat*+ 
Strain designations Mean of 

cultivar #36 #38 #39 #69 #86 #92 110 strains 

Cultivar mean 70 69 70* 66 68 60 43 

ILC 195 61 60 61 67 84* 66 44 

ILC 482 80* 59 58 42 57 46 38 

ILC 3279 30 55* 47 40 34 33 29 

ILC 5396 83 71 72 86 79 89* 48 

ILC 6281 81 102" 85 85 73 63 55 

I K  6327 86 68 97* 76 81 64 45 

+ Symbiotic efficiency (SE) calculated as: 
SE = Total shoot nitrcqen of strain treatment x 100 

Total shoot N of 100 mg N pot-l control 

* Irdicates the strain with highest SE for each cultivar. 
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2.5.3. Effect of mistme on N2 Fiwtion in Spr j rq~awn oli- 

Earlier studies have sham that  springsown chickpa, under the 

rainfed environment of the Tel Hadya area, obtained only a small 

proportion of its nitrcgen f m  biological nitragen fixation. Luring 

1986-87 ard 1987-88 seasons, the spring-sown crop a t  Tel Hadya fixed 

only 38% (9 kg ha-l) and 18% (7 kg ha-l) of t o t a l  N,  respectively, i n  

contrast t o  70-80% (88-127 kg ha-1) fived by the winter- crop. 

Wing the 1988-89 season, an expriment uti l izing the line-so- 

Sprinkler and microplots was oorducted in cooperation with the 

legume physiologist t o  determine the effects of variable moisture 

supply on N2 fixation in  6 spring-sown chic- lines. The material 

tested included 4 kabuli-type lines ( 3  of Medite-ean origin and 1 

ICARBI cross) and 2 desi lines from ICFUSAT. These cultivars were part 

of a group of 20 cultivars tested for drought tole-, water use 

efficiency and yield response t o  increase in moisture supply (see FLIP 

annual report, 1989, pp 107-116). 

Cultivar ICC 4958 was ear l ies t  in mtur i ty ,  and had the highest 

seed yields and water use efficiency (WE) a t  a l l  moisture levels 

(Table 2.5.3). Poor adaptation in cultivar FLIP 85-4C was indicated by 

l a t e  mtur i ty ,  no seed praluction under the low moisture regime, and 

low seed yield but high biological yield praluction with hi* moisture. 

The cultivars of Mediterranean origin (ILC 1919, 1929, and 1930) 

performed similarly a t  each moisture level: the Indian cultivar ICC 

10448 p&ced seed yields similar to these cultivars but lower 
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biological yields with a lmer water use efficiency. In general, the 

results &wed that low moisture stress tolerance of cultivars cwld be 

estimated by their time to flowering (earliness) and seed yield 

potential (under high moisture). 

Table 2.5.3. Characteristics and yields of six spring-- chickpa 
cultivars under low (280 nun) and. high (499 nun) moisture 
regimes. Tel Hadya, 1988-89. 

Cultivar 

Driest treatment 
Days to Yield WE+ for 
flower SY BY SY BY 

ILC 1919 
1LC 1929 
ILC 1930 
FLIP 85-4C 
ICC 4958 
ICC 10448 

Wettest treatment 
Yield WE for 
SY BY SY BY 

+ WUE = water use efficiency, in kg/ha/m evapotranspiration for seed 
and biological yields. 

'Ihe two cultivars producing the highest total nitrcgen yields at 

all moisture levels were FLIP 85-4C and ICC 4958 (Figure 2.5.1). High 

N production in U P  85-4C can be related to late maturity; longer 

duration of N uptake and N2 fixation processes prior to partitioning of 

photmynthates to pod filling resulted in N yields 30 kg ha-' hi* 

than the next best cultivar in treatments receiving supplementaxy 

moisture. Cultivar ICC 10448 produced lowest total N at all moisture 

levels. 'Ihe 3 Mediterranean cultivars behaved in a similar manner, 
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producing 27-35 kg N ha-l at low moisture, 56-63 kg N ha-' at modelate 

moisture and 85-100 kg N ha-' under the hi* moisture q i m e .  

T h e  proportion of N derived from N2 fixation (%Ndfa) increased 

with increasing moisture, indicating that moisture was limiting 

fixation at the lower levels (Figure 2.5.1) . Levels of %Ndfa between 

cultivars at each moisture level were similar, with 16-23% (mean 19%) 

at 290 nun, 38-46% (mean 41%) at 407 nun, and 60-69% (mean 64%) at 499 nun 

moisture. Fixation efficiency at the high moisture level oorresponds 

favorably with that measured over 2 seasons in 8 cultivars of winter- 

planted kabuli chic-, where average %Ndfa was 65%. In this 

experiment, symbiotic efficiency was highest in cultivar ICC 4958 at 

all moisture levels, with 23, 46 and 69 %Ndfa at low, medium and high 

levels of moisture, respectively. The other Irdian cultivar, ICC 

10448, had the lowest %Ndfa at all moisture levels. 

Excluding cultivar FLIP 85-4C, quantities of N fixed did not vary 

mch between cultivars at each misture level (Figure 2.5.1) ; cultivar 

averages for each moisture level were 5, 24, and 59 kg N ha-' for low, 

medium and high moisture regimes, respectively. The largest 

differences between cultivars at a given moisture level were okemed 

in the two Irdian cultivars, where N fixed in ICC 4956 exceeded that in 

102 10448 by 13 and 18 kg ha-l, or 29 and 22%, respectively, at the 

merate and high moisture levels. 
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In Fig. 2 -5.1, the top portion of each bar represents the 

quantity of plant N derived from the soil; the bttom (black) portion 

of the bar represents quantities of N from fixation. The average 

quantities of soil N utilized by the crop at the different moisture 

levels was 24, 37 and 35 kg N ha-I for lm, medium and high moisture, 

respectively. mese values approximately represent the total m u n t  of 

N m e d  from the soil by the crop, assuming r m a l  of seed and straw 

f m  the field at harvest, but neqlect N input from rmts and nodules. 

Drs. D. Beck, S. Si1imandM.C. Saxena. 

2.6. Chi* Rrysiology a d  &prmaq 

2.6.1. of div- genotypg to varying misture w l y  

The long-term average seasonal precipitation at Tel Hadya being 328 nun, 

it is a g o d  site for studying the response of spring sown chic* to 

varying levels of moisture supply created in the post-rainy perid by 

line-so- sprinklers. Genotypes tolerant to drought as well as those 

that respond well to additional moisture supply can be identified. 

Studies were cuntinued at Tel Hadya in the 1989/90 season when 

total seasonal rainfall was 233.4 nun, using 25 diverse chickpa 

genotypes sown in spring. Nine moisture supply levels could be created 

with the lowest being 233.4 m (rainfed) and the highest 458.4 mm (rain 

+ supplemental irrigation) . 
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Averaged over all the genotyps, the yield decreased as the 

moisture supply reduced (Table 2.6.1). 'Ihe seed yield was more 

sensitive to decrease in moisture supply than the total biological 

yield because variations in moisture supply were created in the 

reproductive phase when rainfall had nearly stopped. The harvest index 

also decreased as the moisture supply decreased. 

In a few select4 genotypes, access tubes were put to measure 

soil moisture extraction and capute  total water use in the extremes of 

the moisture supply treatments. 'Ihe data are presented in Table 2.6.2. 

Ia3 4958 gave nearly highest values for total evapotranspiration (Et) 

under both moisture supply mnditions, and highest water use efficiency 

(WE) for seed yield. ILC 1930 was next. ILC 1919, on the other hand 

gave high WUE at highest moisture supply, but had low value under 

rainfed situation. Thus, it was possible to identify genotypic 

differ- in water use efficiency under various moisture supply 

conditions and this information could be of value in breeding 

genotypes with better WE. 

Although the yield of all the 20 genotypes was linearly related 

to moisture supply, there were significant differences in their 

respnse,  as reflected by differences in the slop and the intercept 

(Table 2.6.3) of the regression lines relating mean yield (average wer 

4 replications) and moisture supply. I W  1929 had highest slope and 

lowest intercept indicating that it could respond well to increased 

moisture supply but would suffer greatly when misture supply was 
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limited. On the other hand IIC 1272, ICCL 82001, and ICC 10449 had 

higher intercept and low slope inlicatirq a IIESUE of toleranoe to 

drought but an inability to respond to increase2 moisture supply. 

Intermediate graq? was represented by lines such as ICC 4958 with 

reasonably hi@ slope and intercept. Such lines should be of 

partidar interest for sprirq-sowing in the areas of variable and 

unpredictable rainfall, as is comnon in parts of nothern Syria. 

Table 2.6.1. Effect of total seasom1 moisture supply on the mean 
perfomace of 20 chickpea genotypes sown in spring at Tel 
Hddya, 1989/90. 

Moisture ?upply Seed yield Total biological Harvest 
(m) (ks/ha) yield (kg/ha) index 

S.E. 
LSD (RO.05) 
C.V. (%) 



Table 2 .6 .2 .  Seed yield (SY) , total biological yield (TBY) , total 
seasonal evapskarspiration (Et) and water use efficiency 
(WUd) of sane selected chickpa genotypes sown in spring at 
Tel Hadya, 1989/90, under rainfed (233.4 m) and hiqhest 
misture supply (458.4 nun) throuFp1 supplemental irrigation. 

(ks/ha) (ks/ha) (nun) ( r n / W  (ks/ha) (ks/ha) (kg/ha/m) 
SY TBY SY TBY 

ILC 262 
ILC l272 
ILC 1930 
ILC 85-4C 
ICC 4958 
ICC 10991 
Annigeri 
ILC 1919 

2.6.2. Gerntypic ~ i z a t i c m  for Winter Sowing 

Identification of growth and phenolqical characters that m y  predict 

the performance of a genotype would be of help in the breeding prcgram. 

A study was therefore carried out a t  Tel Hadya and Jirderess to relate 

various grmth and phenolqical p m ~ ~ ~ t e r s  with the perfomce of 25 

diverse chickpa genatypes sown in winter (21 kc. 1989). ?he season 

was cold and dry at Tel Hadya and the rainfall at Jinderess was also 

subnormal. Hence the yield levels were law at both the locations. At 

Tel Hadya, the crop suffered greatly because of cold stress in the 

rmnth of Kwch. Study at Jinderess was not as intensive as at Tel 

Hadya. because of logistic reasons. 



Table 2.6.3. Relationship between total seasonal moisture supply (mu) 
with the yield (kg/ha) of chickpa. 

Genotype Seed vield Total biolmical yield 
Intercept Slope R~ Interoept Slope 

ILC 100 -1360 4873 0.95 -1897 15.1423 0.96 
IIC 262 -1528 8.2762 0.90 -2004 14.7925 0.93 
I K  464 -1396 8.2892 0.93 -1736 15.1904 0.97 
ILC 613 -1516 8.3749 0.88 -2383 16.6674 0.94 
ILC 629 -1568 8.2985 0.92 -1627 13.9758 0.92 

ILC 1272 -456 4.9812 0.81 -539 9.7829 0.91 
ILC 1929 -1946 10.6051 0.91 -2999 18.8173 0.90 
ILC 1930 -1273 9844 0.90 -1438 13.4829 0.94 
F'UP 83-2C -1409 8340 0.93 -1836 14.3887 0.91 
EUP 84-80C -1316 6.6629 0.93 -2106 14.5868 0.87 

FLlP 85-4C -1267 5.9523 0.90 -2325 16.4654 0.93 
FLIP 85-49C -1197 5.5295 0.95 -1328 12.5525 0.98 
ICC 4958 -988 6147 0.90 -1907 14.6316 0.90 
ICC 10991 -851 5.6170 0.90 -1051 9.1339 0.92 
ICC 10448 -104 2.5113 0.92 -425 6.0799 0.94 

The relationship between various qrcwb and phmlqical 

parmeters with the yield of chickpa is shown in Table 2.6.4 for Tel 

Hadya and Table 2.6.5. For Jinderess. At Tel Hadya (Table 2.6.4) in 

contrast to the previous season, early shoot vigour and dry weight 

accumulation shawed little relationship with the seed yield and it was 

only with April observations that positive and significant 

relationships were observed. ?his was because of the cold spell that 

occurred in the month of March. The cold damge score on 21 W, 9 
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April and 22 April showed highly significant negative correlation with 

the seed, straw and total biological yield. Plants sharing higher 

early v i m  were severely damaged by cold so that vigour score f m  1 

to 25th March showed a negative correlation with the yields. Percerrt 

graund cover early in the season was a better indicator of the crop 

perf0n-m~~ as it showed highly significant positive correlations with 

yield. Fhenological attributes shewed high correlation with the yield 

and the seed yield decreased as the days to flwering and maturity 

increased. This confirms the need for an early maturity type for a dry 

site like Tel Hadya, where season tends to end rather fast because of 

tenninal heat and drourplt. 

At Jinderess (Table 2.6.5) where only the phenolqical attributes 

m studied, days to exeqence sh& a significant negative 

correlation with the yield. Days to flowering and pcdding showed weak 

relationship and days to maturity a significantly positive relationship 

with seed yield. lhis contrasts with the results frcw Tel Hadya, and 

w i s e s  the need for specific attributes for chi- cultivars for 

different ecological regions. 

Study at Tel Hadya has further shown that for the unpredictable 

envi?amental conditions of cold and drought, it is not just one 

character but an architecture of characters that have to be considered 

to predict the perfomce of a genotype. 

Drs. M.C. Saxena and S.N. Silim. 



Table 2.6.4. U J d m  of v a r i s  cfiaracters w i t h  the sefd yield, yield 
ard total biolcgical yield of r a i n f e d  w h t m  &&pa, Tel m, 
1989/90 (?asd m 25 gePtyps, 4 replicaticps). 

C r m d a t i c m  coefficient w i t h  

w 3 3 a J  mm. 
yield w Vield 

1. Sh33t Clry Wt(g/bll i m )  at 25.2. (0.649) 0.0652 
2. stYxff chy Wt(g/bl im) at 11.3. ( 1 . m )  0.0495 
3 . ~ d r y W t ( g / ' h l C d j  a t 2 4 . 3 .  (3.029) 0.1527 
4. Shmt chy wt(g/km i m )  at 2.4. (4.05g) 0.2913** 
5. Sh33t chy W t ( g / b  i m )  at 16.4. ( 8 . w )  0.2419- 
6. S h 3 3 t c h y w t ( g / t / b i m )  a t 3 0 . 4 .  (18.37g) 0.3685** 
7. SKCt chy W t ( g / h  ~j at 10.5. (24.41g) 0.4102** 
8. V i g a I r s m r e m 1 . 3 .  ( 3 . 0 c m 1 - 5 s a l e )  -0.ll19 
9. V* Smre 12.3. (2.76) -0.1746 

10. VigaIr  soore m 25.3. (2.68) -0.2610- 
11. V i g a ~ r  smre m 5.4. (2.16) 0.5491** 
12. V i g a r  smre m 18.4. (2.16) 0.6564- 
13. V* SI]Le m 29.4. (2.23) 0.6641- 
14. Quml cm 1.3. (10.6%) 0.U42 
15. Quml cm 12.3. (19.1%) 0.1824 
16. Quml cxhe& an 25.3. (31.5%) 0.2044* 
17. G n m d  d cm 5.4. (34.7%) 0.5422** 
18. Quml cm 18.4. (43.9%) 0.5593- 
19. Quml - cm 29.4. (51.7%) 0.5665* 
20. cold m Score cm 21.3. (041.3%) -0.2966* 
21. cold sc0rr cm 9.4. (038.1%) -3.3391** 
22. cold darrage smre cm 22.4. (cm 1-9 s a l e )  -0.3782- 
23. Bys to flme?&q (122 days) -0.4994* 
24. Days to p3jdirq ( U 5  days) -0.4949** 
25. Days t0 ilI3- (148 days) -0.4738w 
26. HXV€?& (0.4081) 0.3238** 

2.6.3. Root Shdies 

Spring chickpea depends on stored soil misture, the availability of 

mich in turn depends on the ability of the root system to extract it. 

In 1988/89 w e  explored the differences in the rooting d e p t h  of a few 
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selected genotypes, used for drought tolerance and water use efficiency 

studies, by examining their moisture extraction pattern (FLIP Annual 

Report 1989: p. 113-114). There were large variations in the maximum 

depth of water extraction amongst the genotypes. To see whether 

genotypic differ- can be identified by differences in early root 

grayth, a pot culture study using polyethylene tubes was conducted in 

the greenhouse and root and shoot growth measured up to 47 days after 

emrgence on weekly basis. The results are sham in Fig. 2.6.1. 

Table 2.6.5. Correlation of various characters with the seed yield, 
straw yield and total biological yield of rainfed winter 
chi-, Jind-, 1989/90 (based on 25 genotypes, 3 
replications). 

Character (mean value) Correlation mef ficient with 
Seed Straw Total biol. 
yield yield yield 

1. Dqs to eragence (39.4 days) -0.2496** -0.3819** -0.3612** 
2. Days to flmering (108.9 days) -0.0844 0.2079** 0.1054 
3- Days to podd* (123 days) -0.0898 0.3787** 0.2186* 
4. mys to maturity (145.4 days) 0.4895** 0.6938** 0.6712** 
5. Harvest index (0.4643) -0.0023 -0.7399* -0.5006** 

Root weight and root volm differences between the gemtypz were 

quite conspicuous fairly early in the growth cycle and paralleled the 

shoot weight at most of the stages (Fig. 2.6.1) . ILC 262, IU3 1272, 

IIC 1929, ILC 1930, ICC 82001 and FLIP 85-4C showed faster rate of m t  

growth than the others and achieved higher root weight and root volume 

by the erd of 47 day. ?hese genotypes also had deeper soil moisture 
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extraction in the field study in 1988/89 except FLIP 85-4C and ILC 262. 

ICC 4958, which showed deeper extraction of moisture in 1988/89 field 

study, did not shod in pot culture a very high rate of rcot-qrcwth but 

it had higher r&/shoot dry weight ratio than rest of the genotypes. 

T h e  study has shown that early mot growth studies can be useful 

in identify- genotypes which have differential rootqrcwth and 

moisture extraction patterns later in the season. 

W. M.C. Saxena and S.N. Silim. 

'c 2.6.4. shaies m sane P, of Winter Chickpm 

Cultivars in Nmtkm Syria 

Syrian national program has released Ghab 1 and Qlab 2 chic- 

cultivars for their 'B' (rainfall less than 350 nun) and 'A' (rainfall 

m3re than 350 mn) zones, respedively, following a series of on-farm 

trials. These cultivars are being grmn with a p ~ c  practices 

similar to those used for the lccal cultivars. The Syrian national 

pngram, in collaboration with FLIP, conducted a field expsriment at 

various research stations dming the 1989/90 season to study the 

response of these cultivars to rcw spacing and plant ppulations. 

Qlab 1 was grown at Izraa and Qlab stations, and at Gelline and Heirno 

Ghab 2 chickpa was used. Sowing was done on 16 Dec, 28 Dec, 17 Jan 

and 20 Dec., respedively. Ihe yield. data are s h m  in Table 2.6.6. 

Seed yields tended to be highest at: the lowest plant density of 

30 plants/& in 45 an nw spacing at the driest site, Izraa; 45 
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plants/m2 in 30 an row spacing at Heimo and Gelline; and there was no 

effect of various plant population and row spacing ambinations at El 

Ghab. The study clearly shows that the plants can adjust well to 

variations in population at a more favourable site such as Ghab, but at 

drier sites bcreasd population beyond 45 plantsln? causes yield 

reduction psrhaps by accentuating the misture stress. 

Syrian National F'rqram Scientists, ARC, D x m .  

Table 2.6.6.yield (kg/ha) of newly released winter chickpea cultivars as 
affezkl ly m qxdq ard plant pzplaticn at differmt 
statim in rothem Syria, 1989/90. 

TLBatxent Loatim (total scesud rainfall in mn) 
WsFacirq I- (232.4) Hein0 (319.71 @Ilh (326.6) (hab (465) 

m SYm SY (a) ~ ' I B Y S Y  3 L  -- - - 

30 30 2135 840 2940 870 3209 904 42M) 25ll 
45 7914 720 3287 961 3933 1029 4654 2746 
60 2448 740 3691 849 3793 850 4758 2718 
75 2350 789 3624 918 3928 639 3926 2718 

45 30 2059 887 3382 883 3187 735 4072 2380 
45 2014 &16 3175 940 3502 710 4245 2530 
60 2215 751 3.197 923 3593 660 4222 2447 
75 2266 757 3551 949 3479 545 4376 2517 

NXrl 2175 791 3393 911 3578 764 4307 2572 
S.E. 109.1 32.5 151.2 22.1 97.3 44.2 291.8 102.1 
LSD (Ft0.05) 320.9 95.6 444.7 65.1 286.2 129.9 k S  
C.V. (%) 10.0 8.2 8.91 4.8 5.4 11.5 13.5 7.9 



Average lentil yields are lm because of poor crop mnaqement and the 

lm yield potential of l d c e s .  In S. Asia and E. Africa diseases are 

also a major constraint to prduction. Accordingly, an integrated 

appruach to lentil improv& is being pursued at ICARDA covering the 

developnent of both inproved production technology and genetic stocks. 

A high priority has been placed on transfering to national programs the 

results of research on lentil harvest mechanization systems to reduce 

the high cost of hamesting by hand in the West Asia and North Africa 

region. Agronmic research to develcp imp- prcduction practices is 

conducted in coordination with the Farm Resource Management Prcgram, 

and is extended to the region via the Internatio~l Testing Network. 

1-sing the biologically-fixed nitrcgen in the wheat-based cropping 

s y s t e m  is the aim of activities in Rhizobium research and -M weevil 

conbl . 

3.1. IenI3.l Breeding 

Lentil breeding at 1- foc;uses on three contrasting agro-emlcgical 

regions. T h e  imprtance of the regions in terms of lentil production 

and the allocation of resouroes in breeding are smmarized together 

with the respective breeding aims in Table 3.1.1. 



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

Region % of lentil area % of Key ckuacters 
in developing resources for reambination 
countries 

Mediterranean 24 
low to medium 
elevation 

S. Asia and 
E. Africa 

High elevation 14 

75 Bimss (seed + straw), 
attributes for 
mechanical harvest, 
wilt resistance, 
drought tolerance 

20 Seed yield, early 
maturity, resistance to 
rust, Asmchyta and 
wilt 

5 Biomass, winter 
hardiness, attributes 
for mechanical harvest 

3.1.1. Pmlpam 

3.1.1.1. FEe&hq SdEIce 

m e  breeding prapm is divided into strearrs directed toward the three 

tanget aqr-lqical zones mentioned abwe. A description of the 

scheme of breeding was given in the 1- Annual Report 1985. 

Approximately 300 sinple crosses are made annually and handled in 

a bulk-pedigree system using off-season generation advancerent. 

Segregating populations tarqeted for the different regions are 

distributed with emphasis placed on relevant constraints, providing 

bredhg material for national prograxs for selection and cultivar 



develqmmt in sib. In the Mediterranean area selection for response 

to varied moishu-e supply is conducted at ICARDA stations in Lebanon 

and Syria. Lines and segrsgating populations with specific characters 

are supplied through the International Testing Network. 

3.1.1.2. Yield trials 

Selections f m  the breeding program for W e s t  Asia and North Africa are 

tested in preliminary and advanced yield trials at three locations 

varying in their annual average rainfall, namely Breda (long-term 

average annual rainfall total 281 m) and Tel Hadya (328 m )  in Syria 

and Terbol (545 mn) in Lebanon. ming the 1989/90 season the rainfall 

was considerably below the long-term average at all sites with 183, 

233, and 317 m received up to harvest at Breda, Tel Hadya and Terbol, 

respectively. &iditionally, severe cold (-8.9+C on March 17, 1990) 

strongly affect& plant cpxth at Tel Hadya and Breda. Yields 

followed the rainfall gradient with mean yields of bimss at Terbol, 

Tel Hadya and Breda of 3.9, 1.6, and 0.4 t/ha, respectively. The 

d i n e d  effect of drought and cold in March was so severe at the Breda 

site that there was no recovery or seed yield. Mean seed yield at 

Terbol, the wet site, was 1541 kg/ha, whereas at Tel Hadya the mean 

seed yield was 611 kg/ha. 

A summary of the results of the yield trials is given in Table 

3.1.2. For seed yield the percentages of lines significantly 

outyielding the best check were 11 and 42% at Terbol and Tel Hadya, 

respectively. Another 36 and 44% of the total lines tested at Teriml 



ard Tel Hadya, respectively merely ranked above the best check. 'Ihe 

results for biomass follow the general pattern sham by those for seed 

yield. The 1989/90 season being partiaitarly dry and cold it is of 

interest that many lines ranked above the best check at all sites under 

these extreme conditions. 

k. W. Erskine. 

Table 3.1.2. Results of the lentil yield trials for seed (S) and 
biomass (B) yields (kg@) at three contrasting rainfed 
locations; -1 (Lebanon), Tel Hadya and Breda (Syria) 
during the 1989/90 season. 

Terbl Tel Hadya Leda 
S B S B B 

Mm33er of trials 10 10 13 13 2 

Number of test entries* 202 202 269 269 44 

% of entries sig. (RO. 05) 10.9 5.0 42.4 33.8 11.4 
exceeding best check** 

% of entries ranking above 47.0 35.2 85.9 70.2 36.4 
best check (including abave) 

Yield of top entry (kg/ha) 2208 5879 1229 2942 516 

%t check yield (kg/ha) 1597 4020 465 1390 416 

Location mean (!q/ha) 1541 3876 611 1580 383 

Range in C.V. (%) 6-12 6-11 15-33 14-22 8-9 

Mean advantage of lattice 8 4 13 10 - 
over RBD (%) 

* Entries camton over locations.. ** Large-seeded checks: ILL 4400 lbng-term, Idleb 1 improved; 
3~11-seeded checks: ILL 4401 long-tenn, 78S26013 improved. 



The lentil international breeding nurseries have evolved fmn the stage 

of provision of yield trials and diversified to the supply of an 

additional wide ranye of crossing blocks/resistant sources and 

segregating populations for each of the three major target agm- 

ecological regions of production (Table 3.1.3). 

Table 3.1.3. Lentil international breeding nursery program showing 
target regions and type of material for distribution. 

of n- 
Mediterranean LDwer High 

low-med. elevation latitudes elevation 

Crossing blocks/ Tall nursery Asaxhyta blight Cold tolerant 
Resistance sources Large seeded mmseq nursery nursery 

Small seeded mmseq Early nursery 
Wilt nursery* INst nursery** 

S-ting F3 nuPjery- F3 nursery- F3 n- 
Wpulations large seeded* early cold tolerant* 

F3 nursery- 
small-seeded* 

Yield trials Small-seeded trial Early trial 
Larye-seeded trial 

* Launched 1989/90. ** Launched 1990/91. 

This year a mst resistance nursery was launched to compliment the 

existing nurseries of disease resistant sources for vascular wilt 

(Fusarim oxysmrum f.sp. =s) am3 Asccchyta blight (Asccchvta 

lentis). 
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3.1.1.4. J for vascular wilt resistanz 

Vascular w i l t  cawd by Fusarium oxvsrmm f .  sp. m s  is the major 

fungal disease of l en t i l  in the Mediterranean region. Screening for 

resistance continued this year in the plastic house using the method 

developed in the 1987/88 season (FLIP Annual R e p o r t  1988) . 

A total of 98 lines of cultivate3 len t i l  were screened for their 

reaction to w i l t  a t  the seedling stage in the 1989/90 season. m e  

lines were rated on a 1-9 scale with rating 1 = resistant and rating 9 

= a l l  plants killed. Eleven lines representing 11.2% of l ines screened 

gave ratings < 3, and a further 34 lines, comprising 35% of a l l  lines, 

rated between 3 and 5. ?he most resistant lines in this seedling test 

w i l l  be re-screened i n  an adult-stage screening t r i a l  next season. 

Ihe 26 most resistant lines in the seedling test of the 1988/89 

season were screened this year i n  pots infested w i t h  the causal 

organism t o  evaluate their performance a t  a different, l a t e r  stage of 

growth. ?he 26 lines had a l l  rated < 5 a t  the seedling stage. It was 

&iced that  most w e r e  susceptible a t  the adult stage men screened in 

pots, and only two lines - IIL 298 and ILL 6435 - scored below 5 in the 

adult screening. m e  check w a s  highly susceptible in bth t r i a l s .  m e  

relationship between the soore a t  the seedling stage and the smre a t  

the adult stage is il lustrated in Figure 3.1.1. Ihese resistant lines 

have been shared with ~ t i o n a l  p- i n  the international nursery- 

Lentil International F'usarium W i l t  Nursery.. 
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Screening was also initiated this year on the reaction of wild 

lentils t o  vascular w i l t .  A to ta l  of 2 2 1  accessions of wild len t i l ,  

ccanprising culinaris subsp. orientalis, _L. culinaris subsp. 

cdemensis, _L. niqricans subsp, nisricans, _L. nisricans subsp. ervoides, 

an3 m a  mntbret i i  (syn. mntbret i i )  from nine countries, were 

tested. The screening was done in the plastic house a t  the seedling 

stage i n  trays containing soi l  a r t i f i c ia l ly  infested with Fusarium 

oxysmnnn f.sp. m s .  Covariance analysis, using the repeated 

susceptible check score, shmed h i m y  significant differences among 

accessions i n  their  reaction to  w i l t .  Adjusted mean disease scores 

ranged from 0.8 to 8.3 with a mean of 4.6. The taxa differed 

significantly in the i r  averaqe disease rating w i t h  a l l  accessions of _L. 

culinaris subsp. demensis showing susceptibility to w i l t  (Table 

3.1.4). There was a greater range in reaction within the other groups, 

for  example, the most resistant and the most susceptible accessions 

were found in _L. culinaris subsp. orientalis. Resistant accessions 

w e r e  also found within both subspecies of _L. niqricans. The ten most 

resistant accessions were f w r  from _L. culinaris subsp. orientalis, 

four from _L. niqicans subsp. niqricans and two from _L. niqricans 

subsp. ervoides (Table 3.1.5). The country of collection had a 

significant effect  on disease readion in these t h r e e  sub-species. 

In addition t o  screening in the plastic house, we have t r ied to 

develop a methodolcgy for screening in the field in a wilt-infeded 

area. Seledion in the field allows seed of individual selected plants 

to be harvested, whereas culture in the plastic house does not often 
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allm seed collection. The date of sowing has been found t o  affect 

Table 3.1.4. Range, mean and coefficient of variation (%) of 221 
accessions of wild len t i l  for vascular w i l t  reaction. 

species No. of Ranse Mean CV (2) - . , 
name aocessions 

4. dinaris subsp. orientalis 109 0.8-8.3 4.8 34.9 
4. dinaris subsp. cdmensis 17 4.3-8.0 6.2 17.7 
L. nisricans subsp. nisricans - 30 0.9-7.3 4.0 39.3 
L. nisricans subsp. ervoides 63 1.4-7.1 4.3 31.2 
V. mntbre t i i  - 2 3.3-5.1 4.2 21.7 

Overall 221 0.8-8.3 4.6 46.4 

Table 3.1.5. Disease score (covariance adjusted) for vascular w i l t  
reaction of the best ten accessions of wild lentil. 

Accession species country Adjusted 
rarmber of mean 
( I m )  mllection score 

L. culinaris subsp. orientalis - 
L. culinaris subsp. orientalis  - 
L. nisricans subsp. niuricans - 
L. nisricans subsp. nisricans - 
L. culinaris subsp. orientalis - 
L. nisricans subsp. emoides - 
L. n i s r icans  subsp. nisricans - 
L. niuricans subsp. niuricans - 
L. d inar is  subsp. orientalis - 
L. nisricans subsp. emoides - 

Syria 
Turkey 
Yugcslavia 
ElarGe 
Syria 
Yugoslavia 
France 
Spain 
Syria 
W k e y  

strongly the incidence of vascular w i l t  in l idia.  This w a s  also our 

experience a t  Tel Hadya in a naturally-infested f ie ld  i n  the 1986-87 
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season ( W P  Annual Report 1987) with 400 germplasm accessions sown at 

two dates (DecerrS3er 19, 1986 and February 2, 1987). Wilt damage, 

measured as the percentage of wilted plants in a plot, was 0.6% in the 

December sowing and 9.3% in the delayed ming. 'Ihe range in r q n s e  

m n g  acoessions was greater in the late sowing (0-100% wilted plants) 

than in the December sowing (0-10% wilted plants). This suggested that 

screening for wilt reaction was best conducted on late-sown plants. 

We investigated the effect of sowing date further in the 1989/90 

season by sowing in wilt sick plot 20 genotypzs vary* in their 

reaction to wilt at monthly intervals from Nwember to February. 'Ihe 

season contrasted with that of 1986/87 because severe cold (-8.9-C) , 

which was experienced on March 17, 1990, damaged the early-sown plants 

so severely that it was not pssible to distinguish cold damage f m  

wilt damage (see Section 3.1.1.8). Additionally, only a total of 23 nun 

of rain fell in March and April 1990, whereas 76.1 nun were received in 

the equivalent period in 1987. The werall n k s m  of wilt incidence in 

1990 was 22%, but differences between the wilt damage at different 

sewing dates were not significant (Figure 3.1.2) . Clearly, it is 

in sane years that there is an advantage of late sowing in February 

over earlier %wing  in order to screen lentils for vascular wilt 

reaction. 'Ihe disease reaction of the 20 lines ranged from 5.5% wilted 

plants with ILL 5588 to a maximum of 49.5% wilted plants in the 

susceptible line ILL 244. ILL 5588 is also resistant to Asoxhyta 

bliqht and represents a case of multiple resistance in lentil. 

Drs. W. Erskine and B. Bayaa (Alepp University). 
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3.1.1.5. Screening for resistance to OmbancfE 

Eromrape (Orobanche spp.) is a mjor cause of yield loss in lentil in 

sane Mediterranean countries. One approach to Ore-e control is 

thnmgh the use of host-plant resistance. Variability within the cmp 

to Orobanche attack is 1u.i and no resistance has been identified 

despite extensive screening of germplasm. We have, therefore, started 

to explore wild species for sources of resistance. A total of 54 

accessions of wild lentil, comprising 37 accessions of dinaris 

subsp. orientalis, eight of _L. dinaris subsp. demmis, nine of _L. 

niqricans sum. nisricans, and eight of _L. niqricans subsp. ervoides, 

have been sere using the petri-dish technique for Orobanche. None 

of the accessions showed a resistant reaction and we will screen 

additional wild germplasm next season. 

Drs. K.-H. Linke and W. Ecskine. 

3.1.1.6. ?dl- ard mor@xAcgical variation and -irq in l d  

F=4'1- 

A mjor aphasis has been laid at ICNU& on studying the variation in 

germplasm of the cultigen as the key to future crop improvement. A 

study of qualitative variation was umlertaken to complement previous 

research on quantitative characters with the aim of estimating 

outcrossing using a multil- rradel and quantify- the variation in 

isoqnks and morpholcgical traits to allow modelling of the effects of 

forming 'core collections' of gemplasm. A core collection is a 

representative sample of a laqer germplasm collection, made to 

facilitate the use of the collection. 
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In the last repart we focused on the results of germplasm from 

mkey (FLZP mual Report 1989) . Now, hmever, the study has been 

ognpleted in USA and results are available from the analysis of a total 

of 105 accessions of gesmplasm frm Chile, Greece, and =key. The 

w e y  of variation covered a total of 1048 plants for three loci of 

mrphological traits, 17 known isozyme lcci and one pltative isozyme 

locus - amylase (m). 

able 3.1.6. Wan rrnJzr of allele per laus, pxumtxj$ of p1-c 
lcci cwer 105 ard pcpllaticarj, the lrean maker of nult.il0cus 

p?z m a t i c n ,  man dtiloas diversity irdex 6) wer 
pzphticns in t h  thnx d e .  Stardazd enmrs are in 
-. 

wen nnrber allelffi/lc~ls 1.20 (0.U) 1.19 (0.03) 1.18 (0.ll) 
Wan % of pol- lcci 21.4 (17.7) 17.7 (7.4) 17.5 (10.1) 
Mean ID. dtilols gaDtpzs/PP. 3.7 (1.98) 4.5 (1.88) 3.8 (1.91) 
l h n  nulti.1- divenity value/pq (9) 0.530(0.267) 0.664(0.140) O.U2(0.247) 

'Ihe average proportion of polymorphic lcci per population (P) was 

0.19 and the range over populations was f m  0 - 0.42. There were no 

significant differences between the countries in variability either in 

the proportion of polymorphic populations or the avexage number of 

alleles per locus over loci and populations (Table 3.1.6). The history 

of lentil ailtivation in chile is short and post Columbus in cconparison 

to its ancient cultivation in Greece and Turkey. However, the 

variation in germplasm from mile was equal to that within G r e e k  and 
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Turkish material measured as an average wer loci and on a mltil- 

basis. This implies rapid differentiation and adaptation to a wide 

range of habitats following the intro3uction of the crop to Chile or 

the repated intrcduction of different genetic variation. 

?he level of outcrossing is central to the breeding system and 

popllation structure of a species. There has been an earlier 

measurenwt of cutcrossing rate in lentil from Washington State, USA 

showing a level of less than 0.08% based on the wker locus cotyledon 

colrxlr (E) and a second estimate of 0.9% outcrossing estimated from 

diverse germplasm grcm in Syria based on the aspartate amino- 

transferase plastid locus (-). Isozymes are inherited dminantly 

and heterozyqotes are directly identifiable allowing estimates of 

cutcmssing. Although previous single-locus estimates of outcrossing 

terd to underestimate the true rate of outcrossing by failing to 

~~t for mn-disoernible outcrossing between similar genotypes, this 

does not explain the &served high oukrcssing rate of 6%, based on 

nine loci, found in Chilean germplasm, an order of magnitude above 

previous estimates. Outcrossing rates in gemplasm from Turkey and 

Greece were lmer at 2-3%. All accessions studied were mintdined in 

the United States Deparbnent of Agriculture Western Regional Plant 

Intmduction Station germplasm collection for over twenty years. 

Sections of the collection are regrown annually at Fullran, Washington 

State, USA and differences between countries in outcrossing rates 

pmbably reflects year to year variation in insect activity. The 

lentil flower is normally cleistqamus and an insect vedor is 
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required to effect cross-pollination. A search for the causal vector 

irsect is nu.? warranted, particularly as problem in maintaining 

varietal purity during seed niultiplication have recently been 

encountered in Washington. 

An important feature of the variability uncovered by the 

gemplasm survey is that the genotypic state at a given locus often 

depends on the genotypic state at other loci. Of the 36 tests of 

independence of the allelic distribution of pairs of nine polymorphic 

loci, a total of 21 sh& significant depart- f m  random 

asscciation of alleles at pairs of loci. The linkage between many of 

these loci has already been tested, and the only known linkage between 

these loci is between epicotyl colour ( )  and aspartate amino- 

tmferase (Fat-p) , explaining only a m l l  fraction of the 

associations found. These results indicate a complex multil- 

organization of lentil populations. A single multil- genotype was 

faxd in 10.2% of all plants. Studies on other predominantly self- 

pollinating species, both wild and cultivated, are increasingly giving 

evidence that adaptative changes cccur not only throu* c h a q s  in 

allelic frequency but also through the reorganization of allelic 

impdients into new multil- allelic combinations adapted to 

specific habitats. These associations can develop bee~een unlinked or 

loosely-linked loci in inbreeder; because they have not broken up each 

generation by recubination, in contrast to outbreeder; which have a 

less highly stiudured multil- orqanization. 
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The data from the survey of qualitative variation in germplasm 

were  used to test differen'c sampling strategies for core collection 

formation. Differences between the sampling strategies - random, 

stratified on the basis of groups with sample size constant and 

p?qmrtional to group size - were non-significant in nunber of alleles 

captured at F0.05. However, there was an indication that stratified 

sampling was more effective than rardm sampling, agreeing with 

theoretical expzbtions. 

Drs .  W. Erskine and F.J. Muelhbauer (USlX/ARS, T?llban, USA). 

3.1.1.7. -ism of respc~se to moistmre q l y  of 1- and 

inpmved dt ivars  

In lowland Mediterranean environments lentil is usually sown between 

the 300-400 nun rainfall isohytes in the months of December and 

Januaq. Prmn i?arch until maturity in May, the crop experiences 

increasingly strong solar radiation, a rapid rise in maxinnnn 

tenperatwe, a decrease in rainfall, and high evaporative demand. 

IXought stress increases during this perid, which coincides with the 

phase of reprcductive development in the crop, and as a 

yields are frequently low. 

The overriding inprtance of moisture availability in determining 

lentil yield in a lowland Mediterranean environment is illustrated for 

two cultivars in Figure 3.1.3, which shows the seed yields of the 

cultivars plotted against the total seasonal rainfall f m  29 

environments over 8 seasons in trials with the Syrian Ministry of 
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Pgridture. ?he CUlti- were ILL 4400 - a landrace - and 'Idlib 1' 
(ILL 5582), a selection recently released in Syria. 'Be expximent 

ccanprised verification trials on both farmers' fields and research 

stations in a randomized block design with two replications and a plot 

size of 40 d wer the seasons 1981/82 to 1988/89. LDcations were 

distributed in the min prakction areas of lentil in Syria namely the 

hwinces of Alepp, Idlib and Ham in the North-West, the South-West, 

and Hassake in the North-East. ?he distance between the farthest sites 

is over 500 h. Linear regressions of total seasonal rainfall on to 

seed yield accounted for 34% of the overall variation in seed yield for 

ILL 4400 and 47% for 'Idlib 1'. When the regressions were re-run using 

the total rainfall falling in the months of N o v e n b e r  tbmqh March, the 

pmentages of seed yield accounted for by rainfall rose to 41% for ILL 

4400 and 55% for 'Idlib 1' (Figure 3.1.4). 

'Be selection 'Idlib 1' (ILL 5582) a ~ ~ t e s  from the breeding 

program at ICARDA, which routinely uses simultaneous yield tests at 

sites spread along a rainfall cline spanning that of major lentil 

producing areas of west Asia (sew Section 11). ?he retrospective 

analysis of the response to selection for seed yield in rainfed 

envimnments in Syria shcued that the newly released cultivar 'Idlib 

1' , with a slope of 8.2k1.4, had a greater respnse to increased 

moisture availability than landrace mltivar ILC 4400 with a slope of 

6.121.4. This shm that selection for yield under rainfed conditions 

using test sites varying in mean rainfall has resulted in a respnse in 

inneased water-use efficiency. 
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Drs. W. Erskine and M.C. Saxem, and M r .  F. el Ashkar (ARC, m, 

Syria) . 

3.1.1.8. (bld dannge tn lentiL sxxn  on di f fe rmt  dates 

Wing both March 1985 and 1990 mld  spells  occurred a t  Tel Hadya 

fo1lmh-q a pericd of w a r m  weather, during which l en t i l  growth was 

vigorous. Specifically, the temperature was -9.5"C on March 3, 1985 

and -8.9-C on March 17, 1990. This presented an opportunity t o  study 

the e f f e d  of cold on l en t i l  genotypes sown on different dates. 

In the 1984-85 season a to ta l  of six genotypes were grown in the 

f ie ld  a t  f m  sowing dates (Nov. - Jan.) w i t h  and without 

suppl-tazy lighting for a photqericd of 18hrs. In 1989-90 a to ta l  

of 20 genotypes were sown a t  monthly intervals from November through 

Feb?xary. 

Cold w e  varied markedly depending on the sowing date and, 

hence, age of the crop. Early sown plants (November) were severely h i t  

and m l d  damage decreased with each successive sowing date (Figure 

3.1.5) . W e  used a 1-9 scale t o  measure m ld  damage with 1= no dauage 

and 9= >90% of leaves killed. Supplementary l ight  increased the 

susceptibility t o  cold primarily because plants given extra l ight  were 

substantially t a l l e r  than those growing under n o m l  l ight  a t  the time 

of the cold spell  (Figure 3.1.6) . Supplementary l ight  had also 

increased the n m k r  of rides on the main stem a t  this stage of growth. 
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Genotypic effects were highly significant in both seasons and 

considerably larger than the sewing date - genotype interaction. In 

the 1984-85 season, genotypes originating f m  warm growing areas such 

as ILL 4605 from Argentina, ILL 1744 from Ethiopia and ILL 2501 from 

India, were more susceptible than those f m  cooler production areas, 

such as ILL 4400 from Syria. A similar wide range in susceptibility to 

cold was found in the 1989-90 season. 

Cold spells in March are relatively cormnon but unpredictable in 

the lowland Mediterranean region and natural selection on landraces has 

prcduced material with sufficient cold tolerance for these areas. 

Hcwever, the thrust to replace spring planting with winter sowing at 

high elevations (>1000m) necessitates the search for hiqhly cold 

tolerant genotypes. 'Ihe effect of cold on the different sowing dates 

suggests that early sowing at an intermediate elevation (600-800m) may 

be a niethd to screen for cold reaction, because it will predispose the 

crop to damge from cold in most years. 

D1-s. M.C. Saxena and W. Erskine. 

3.1.2. U s e  of Gemplasm by NAIlSs 

3.1.2.1. Mvances for the Meditemaman region 

T h e  ICXUl4 base program provides segregating populations and breeding 

lines to national prcgrams in North Africa and West Asia for 

elevations belm lOOOm ar0ur-d the Meditemean Sea. To date, more use 

has been made of lines than segregating populations and very few 

crosses are made in the region cutside IcARaA. 
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Table 3.1.7 lists lentil lines released as cultivars or selected 

for prerelease multiplication by NAFSs. 

In W i a  the line 78S26013 (ILL16) will be submitted to the 

Variety Release Cdttee on the basis of its improved p i n  yield of 

16% over the local check, fllperior resistance to ~usarium wilt and its 

standkg ability, an iqmtant attribute in harvest mechanization. 

This will be the first red-mtyledon lentil registered in the country. 

Additionally, ILL 5883, another red cotyledon lentil from Jordan is in 

the last stage of testing prior to release in Syria. 

'Jordan 3' (78526002) was released in 1990 in Jordan; it had been 

released earlier in Syria. 

In North Africa two lines, FLIFB4-103L and 78S26002, have been 

identified by the national prcqram for pre-release multiplication in 

This as a supplement to 'Neir' and 'Nefza' already released. In 

Algeria the national program registered 'Balkan 755' and 'ILL 4400' 

durkg 1989 and both 1I.L 468 and ILL 1889 were selected for pre-release 

nultiplication. 

Lentils in M o m  suffered a severe attack of rust for the third 

successive season and much of the crop was destroyed on farmers' 

fields. ILL 4605 was released in 1989 on the basis of its resistance 

to rust. Three other lines ILL 6002, ILL 6209 and ILL 6212 with 

resistance to rust are now entering their second year in the catalcque 
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trials, and ILL 6001 will be entered into these trials in the 

f0rthcxd-q year on the basis of its yield and rust resistance. 

National Agricultural F z e s a &  Systems. 

'Pable 3.1.7. Mtil lines released as cultivars (underlined) or in 
pre-release multilplication by NARSs. 

Mediterramm reaion 

Algeria 

Iraq 
Jordan 
Iebmn 
Morccco 

Syria 
Tunisia 

Hicfh elevation area 

Egypt 
Ethiopia 
Nepal 
Pakistan 

others 

Australia 
QMda 
a l e  
aliM 
Ecuador 

M e  229, Balkan 755, IIL 4400, 
ILL 468, ILL 1889, FLIP 86-20L 
78526002, 78S26013 
Jordan 3 
Talya 2 
ILL 4605, ILL 6002, ILL 6209, 
ILL 6212 
Idlib 1, 78826013, ILL 5883 
~eir, Nefza, FLIP 84-103L, -- 
78526002 

ILL 4605 
ILL 358 
ILL 2578, ILL 4402, ILL 4404 
Manserlla'89, ILL 2573, ILL 5677, 

F?JP 84-8OL 
Indianhead 
Centinela-INIA 
F?JP 87-53L 
INIAP 406 
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3.1.2.2. Advanzs for s a k k x n  latitude mica 

'Ibis region amprises the Indian sub-continent and Ethiopia where an 

early fl-ing habit is required together with resistare to rust, 

as- blight an3 wilt. The iqmrtance of foliar pathogens 

cmbzsts with other mjor areas of lentil production. 

T b e ~  are three strorq lentil breeding programs in Pakistan with 

t*ro in Faisalabad an3 the mining pngram in Islamabad. Over the 

last five years ICARDA has worked closely with these prcgrans in joint 

selection as the focus of a thrust to broaden the genetic base of 

lentils in South Asia. As a result the national yield trial 1989/90 of 

Pakistan contained a total of 10 test entries with five entries f m  

Ayub Agriculture Research Institute, Faisalabad and one line f m  

National Agriculture Research Institute, Islamabad, all of which are 

lccd selections fmm ICARIIA-supplied crwses. 'bm other lines in the 

national trial are reMmed ICARIYL lines from Nuclear Institute of 

Agricultural Botany; the remaining two lines comprise the local check 

and 'Manserfia 89' (ILL 4605) released dur ing last season. 'Manserha 

89' has ccwbined resistance to lentil rust and Asccchyta blight as well 

as a high yield potential in the wetter parts of the production area in 

Pakistan. 

T h e  major pxduction problem in Bangladesh addressable thrcugh 

b- is rust. We have been making tarqeted crosses for Bangladesh 

of rust resistance sources with the local susceptible cultivar 'L5' in 

the base prcgram at Tel Hadya. Selections have now been made in 
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Bangladesh of adapted rust resistant plants in the F3 generation fmm 

this material. 

IXlring the 1989/90 season ILL 4605 was included in wery crossing 

block in India on the basis of its large seed am3 oombined resistance 

to rust and Ascochyta blight. 

Nepal g r m s  more than 100,000 ha of lentil spread between the 

Terai area adjacent to India and the Mid-Hills. The lines ILL 4402 

and ILL 4404 are in fanwrs' field trials, where they out-performed the 

local check 'Simrik'; they are also in pre-release multiplication. 

In Ethiopia 'NEL 358' is being distributed to farmers tho have 

renamed it 'Chelo', meaning tolerant. Several other lines have been 

identified by the National F'rapzm with resistance to rust and a good 

type. 

National Agricultural Research Systems. 

3.1.2.3. Pdvances for high altitrde regicm 

m e  high altitude region prin'mily consists of those regions of Iran 

and Turkey where lentil is normally grown as a spring crop because of 

the severe winter cold. ?he national program of %key has clearly 

demonstrated that winter-sown lentil has a higher yield potential than 

the spring-sown crop providing there is sufficient winter-hardiness in 

the cultivar. The line 1066-1, a single plant selection made at 

Eskisehir from ILL 854, is a large-seeded, red-cotyledon line that is 
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being considered for release for winter sowing. Wing the last season 

two lentil cultivars were released for cultivation in highland areas in 

the spring by the program at Erzunnn, Wkey. They are 'Em- 89' 

(ILL 942) a larye seeded, yellm cotyledon line and 'Malazqirt 89' (ILL 

1384) a small seeded, red cotyledon line. 

National Agricultural Research Systems. 

3.1.2.4. MEINZS in other areas 

In Australia the line FLIP84-80L is being released in the State of 

Scuth Australia. 'Irdian head' (ILL 481) has been released in 

Saskatoon, CaMda as green xmnure crop. ILL 5588 and ILL 5684 are in 

use as SO- of resistance to A%cchyta blight, the key pathogen of 

lentil in Canada. The national program of Chile has recently 

registered 'Centinela-INIA' (74TA470) as a new cultivar on the basis of 

its rust resistance. Another source of rust resistance was released 

in Emador in 1988 as 'INIAF406' (ILL 4605). China has identified 

E'LIP-87-53 L for Qirqhai region. 

Nationdl Agricultural Research Systems. 

3.2. Wide Wiq in Ientils 

The genetic variability available in such wild relatives of lentil as 

Lens niqlricans subsp. nimicans and Lens nisricans subsp. ervoides. 

cannot be currently used for improving the cultivated species because 

of crossability barriers. The use of ovule-culture and embryo-rescue 

techniques is being tried to overcome these barriers. 



146 

To meet the need for vigorous plants with a large m&er of 

flawers for crossing, a hydrqonics system was perfeded and used. 

'Ihree accessions of L. niqricans subsp. nisricans ( I m  1 4 ,  Im 18 and 

ILWL 25) and L. nicrricans subsp. ervoides (IIWL 129, 1% 134-1 and 

IIWL 185) in addition to one accession of _L. culinaris (ILL 8) w e r e  

used. The seeds were allawed t o  germinate on Jiffy-7 plates and were 

later transfered t o  perforated plastic cups fixed on water bottles 

containing fu l l  strength Hoagland's solution and supplied with a i r  f m  

m a l l  aquarium pumps in addition t o  l ight and temperature regimes as 

shawn in Table 3.2.1. 

The wild species shaid excellent vigour and p d c e d  a large 

rnrmber of flowers and seed (Table 3.2.2) . More than 400 pollinations 

in all combinations were done (Table 3.2.3) on these plants. 'Ihe 

cmtcxsm was 70 rudimentary pcds that  eventually turned ye l lm and died 

after 15-20 days dewlopent.  The average size of the hybrid pods was 

3-4 times s ~ l l e r  than that  of a selfed one of similar age. 'IVmty one 

ovules only isolated f m  the hybrid pods showed no further develoment 

when subcultured (Table 3.2.4) . Scone callus growth was observed. Few 

we&s l a te r  only one hybrid callus regenerated t o  give 3 shoots, but 

failed t o  root wen when subcultured on a high NA?I m-tration 

d m .  More work is needed t o  perfect a protocol that may permit 

interspecific hybridization using embryo/arule rescue technique. 

Dr. F. Weigand and M r .  H. Mashlab. 



Table 3.2.1. Teupra ture  and li@t regimes for growing cultivated and 
wild lentil the plants. 

Age of plant Temp. 'C Light 
B Y  Night Hours Intensity (a) 

First 6 weeks 18 12 12 400 
7-14 weeks 20 15 14 400 
15 weeks+hturity 24 18 16 400 

Table 3.2.2. Branches, pods and seeds produced per plant. 

Accession No. No. of main Pods/plant Seeds/plant 
branches 

L. nisricans subsp. nisricans - 
ILWL 14 42 540 716 
ILWL 18 75 9 18 1353 
ILWL 25 66 891 1224 

L. nisricans subsp. ervoides - 
ILWL 129 33 65 942 
ILWL 134-1 83 3081 4039 
IIWL 185 31 704 1110 

Table 3.2.3. Crmses of wild with cultivated subspecies. 

NO. of NO. of 
pollinations pods 

L. niqricans subsp. emaides (male) - 65 
L. niqricans subsp. emoides (female) - 102 
L. niqricans subsp. nisricans (male) - 87 
L. niqricans subsp. nisricans (female) 152 



Table 3.2.4. Media type and ccsnposition used for in v i m  culture. 

F'JJF= Medium 

Ovule-culture 

E$33ryo-mlture 

Shoot regeneration 

=ins 

M s  + 1.2 UM IAA 
2.3 uM Zeatin 
1.5 UM GA3 

W + 1.2 UM IAA 
2.3 UM Zeatin 

MS + 1.2 UM NAA 
4.0 UM &tin 

MS + 25 UM NAA 

3.3. Ientil Harvest ' ' t im 

Lentil harvest is the mjor production pmblem in the Mediterranean 

region because of the high cost of harvest labour. Systems of 

mechanization have been developd to decrease the cnst of production 

of the crop. They include: 1) a lentil puller for use with existing 

cultivars and praluction practices, 2) lllowers on a flattened seed-bed 

preferably with a non-lodging cultivar, and 3) cambine harvesters on a 

well-prepared seed-bed sown with a tall, non-lodging cultivar. 

Follmi.ng extensive reseanh on lentil harvest mdmnization at ICARDA, 

we are nui emphasizing the transfer of the technology to national 

Prograns. 

In Kameshly, the mjor area of lentil produdion of Syria, about 

80,000 ha of lentil were sawn in 1989 and approximately 25% were 

h a m a  by swathe-- in 1990. Fanners prepared their lard for 

imchim harvesting by preparing the seed-bed with a pl- ard a disc- 

harrow, sowirq with a seed drill and then rolling after ming, 
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follming the guidanoz of the General manization of lqricultural 

Mdmnization. In contrast to previous seasons when cambine 

harvesters were also used diredly for lentil harvest, in 1990 only 

swathe-mers were utilized because they allow straw collection and the 

price of straw was particularly high in this unfavorably dry and cold 

season. 

Field losses from hand harvest and machine harvest by swathe-mer 

and combine harvester were measured on fanners1 fields as part of a 

joint project with the General Organization of Agricultural 

Mechanization, Syria on the economics of lentil mchine harvest. A 

total of 45 samples from 15 hand-harvested fields showed that losses on 

the bare ground accounted for 3.0% _+ 0.39% of the potential seecl yield, 

which averaged 1.41 t/ha. ?he potential straw yield of the samples 

averaged 3.1 t/ha, of which hand harvest left an average of 3.8% f 

0.45% losses on the field. 

bxses from the swathe-mower were estimated on 12 farmer;' fields 

in a total of 36 sa~~@les. ?he mean potential yield of the crop was 

1.24 t/ha seed and 2.82 t/ha straw. ?he average loss of seed on the 

bare ground was 4.7% _+ 0.97%; the range in losses on the bare ground 

was from 0-22%. Under the swathe, the seed losses were higher at an 

average of 8.6% of potential yield. ?he average stubble height was 

14. O c m  _+ 0.95 with a range of frum 8 - 30a. 

Harvest by cambine harvester results in the loss of a b t  all 
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straw. It was possible to take 12 samples fmm only a single farmer's 

field because of the high straw price this year. The potential yields 

of seed and straw were 1.23 and 2.06 t/ha and the average seed loss 

fmn the ambine was 20.9% _+ 5.25%. The mean stubble length from the 

cmbine was 13.4an, similar to the height of the swathe-mower harvest. 

3.4. Biological Nitrogen Fixation 

3.4.1. Strain Selection for l i t p r w w ~ !  N2 Fixatim in Jcudan Ientil 

mti- 

A large strain screening experiment was conducted to select the mast 

efficient N2 fixirg Rhizobium strains for the major inprwed Jordan 

lentil cultivars, Jordan 1, Jordan 2 and Jordan 3. A total of 21 

lentil rhizabia strains were tested with these cultivars for symbiotic 

effectiveness (SE) using an aseptic N-free hydroponic gravel culture 

system in the greenhouse. The strains for evaluation were chosen from 

the ICARIYL collection of over 300 lentil rhizobia isolates, based on 

their high SE in previous screening. Included with these strains were 

the 4 best Jordanian strains in the ICARDA collection, isolated f m  

I W  (LE 850), El Shamahba (IE 843), Madaba (LE 838) and Juobel (LE 

835). Symbiotic effectiveness was evaluated as: 

SE = Shoot drv  weiqht of strain treatment X 100 
Shoot dry wt. of 100 rg N pot'l control 

In the eqxriment, variation due to cultivars was not significant, 

lmt variations due to strain and straindtivar interactions were 



significant a t  P<0.01 and P<0.05 levels, respectively. Performance of 

the Jordanian strains was variable aanrding to cultivar;, except for 

IE 850, wfiich was relatively ineffective. 'Ihe 3 best strains for edCh 

cultivar and acrcss cultimrs are sham in Table 3.4.1. 

Table 3.4.1. Symbiotic effectiveness (SE) of most promising strains 
w i t h  3 released Jordanian len t i l  lines. Strain sources 
are given. 

Cultivar 
Jordan 1 

Strain des imt ions  
LE 735 
IE 843 
LE 715 

Jordan 2 LE 898 
LE 893 
IE 867 

Jordan 3 IE 804 
IE 867 
IE 835 

Cultivar mean LE 867 
LE 804 
LE 893 

Mean of 2 1  strains 

SE - 
114 5yria 
114 Jordan 
113 Syria 
99 -key 
97 Wkey 
96 Turkey 

112  Esypt 
108 Turkey 
100 Jordan 
100 -'=Y 
95 WYPt 
93 Wkey 
7 1 

Th0ql-1 variability was &served from cultivar t o  cultivar, strain 

IE 867 w a s  consistently superior, and should be further evaluated for 

effectiveness in the field. m e  high effectiveness of strains 835 and 

843, of Jordanian origin, q e s t s  that ~ t i v e  rhizobial populations 

f m  E l  Shamahba and Juobel are capable of high N2 fixation, and that 

inoculation in these areas is not necessary. 'Ihese results confirm 

earlier survey work in which a large proportion of l en t i l  h izobia  
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isolates f m  Jordan were found to be highly effective. However, 

strain IE 850 f m  Irbid had low N2 fixing effectiveness with all three 

cultivars; if this strain is representative of the area, lentil N 

fixation may be inproved through inoculation with seleded superior 

strains. 

m. D. Beck. 

3 -4.2. Effect of Variable Moisture on N2 Fixation in Ientil 

ming the 1988/89 season, an rzqeriment utilizing the line-so- 

sprinkler and microplots was om2ucted at Breda in cooperation with 

the legume physiologist to determine the effects of variable moisture 

supply on N2 fixation in 6 lentil lines. The material tested included 

local l b c e s  and breeding lines from ICARDA. These genotypes were 

part of a group of 25 cultivars tested for drought tolerance, water use 

efficiency and yield response to increase in moisture supply (see FTJP 

Annual Report, 1989, pp 147-159) . 

Table 3.4.2. Characteristics and yields of six lentil cultivars under 
low (180 rmn) and high (376 nun) moisture regimes. Breda, 
1988-89. 

Driest treatment Wettest treatment 
ntys to Yield WE? for Yield W E  for 

Cultivar flower SY BY SY BY SY BY SY BY 

ILL 4400 12 0 157 511 1.68 5.46 1441 3347 5.11 11.86 
ILL 4401 120 83 589 0.87 6.20 1226 3235 4.32 11.40 
ILL 5582 114 169 674 1.84 7.33 1494 3454 5.30 12.25 
ILL 5604 123 130 587 1.39 6.29 1376 3263 4.82 11.42 
ILL 5782 114 165 707 1.81 7.76 1231 3139 4.34 11.08 
ILL 6004 114 283 815 3.06 8.82 1374 2981 4.88 10.59 

+ WUE Water use efficiency, in kg/ha/nun evapotranspiration for seed and 
biological yields 
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Cultivars ILL 5582, 5782 and 6004 were earliest in maturity, and 

had the highest yields and water use efficiencies (W) at the lowest 

moisture level (Table 3.4.2). Cultivar IIL 6004 had the highestwater 

use efficiency at 1-t moisture (180 nun). ILL 5582 had highest 

yields and WUE at the highest moisture level (376 m). 

Althow cultivar ILL 5582 gave a gccd biolcgical yield at the 

1-t moisture level, its total N yield was lowest of all cultivars at 

l m  moisture with only lo kg N ha-l (Figure 3 -4.1) . Cultivar ILL 6004 

at the low moisture supply had the hiqhest biological and N yields with 

19 kg N ha-'. 'he average N yield at this moisture level was 14 kg N 

ha-1 across. dtivars. Nit.rOZJen yields at the moderate moisture level 

(330 m )  ranged from 46 to 69 kg N ha-l; ILL 5604 had the highest N 

yield. At high moisture (376 m), N yields ranged from 71 to 94 kg N 

ha-' (mean 80 kg ha-l) . Although cultivar ILL 5582 had highest yields 

and WUE at high moisture, N yield was below average with 78 kg N ha-l. 

ILL 5604 had the highest N yield, ILL 5782 the lowest. 

m e  pmprtion of N derived from N2 fixation (%Ndfa) in lentil 

cultivars doubled frpm an average 36% at lowest moisture to 72% at 

moderate moisture, indicating that moisture was limiting fixation at 

the 1- level (Figure 3.4.1) . Levels of %Ndfa betseen cultivars at 

each moisture level shaded no significant differences, with 35-38% at 

290 nun, 71-73% at 330 m, and 76-78% at 376 nun moisture. m e  lack of 

variation in N2 fixation capacity of cultivars which responded quite 

differently, in temns of yield, to moisture availability suggests that 
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the fixing system in lentil is an uncomplicated one. Symbiotic 

efficiency was improved only slightly to an average of 77% at the 

highest moisture level, implying that the symbiotic system was near 

maximrm efficiency. Data f m  previous studies, where lentil cultivar 

ILL 8 gave 69-75 % m a  at 358-523 nun rainfall, supports this. 

Differences in protein contents of the cultivars at maturity 

affected the total quantities of N2 fixed in each. Cultivar IIL 5604 

had average biolqical and seed yields and %Ndfa at high moisture, but 

because of higher protein content had the lqest quantity of N2 fixed 

at 72 kg N ha-I (cultivar mean was 61 kg ha-l) . Cultivar ILL 5782 had 

l m s t  N2 fixed at high moisture, with 55 kg ha-l. 

Further investigations of moisture eff- on N2 fixation in 

lentil will utilize the linesource sprinkler to observe more closely 

the direct relationship between misture availability and fixation. 

Drs. D. Beck, M.C. Saxena and S.N. Silim. 

3.5. Lentil Physiology 

Identifying genotypes that can withstand drowt but are, at the same 

time, capable of benefiting f m  additional moisture is an imprtant 

crop improvement objective in lentil. Use of a line-source sprinkler 

at El rda  site, which has a long-term average rainfall of 274.2 mm, 

pmides a g d  scope for such evaluation (FLIP Annual Report 1988/89). 



3.5.1. of Genotypg to Vary- Soil M o i s l x r e  Supply 

SMies were continued during the 1989/90 season at Breda, where the 

seasonal precipitation was only 184.6 nun, using 25 diverse lentil 

genotypes. Using line-source sprinkler after the termination of the 

main rainy period to supplement total seasonal rainfall, six different 

moisture supply levels were studied. Because of cold and suboptimal 

rainfall, the crop growth was rather restricted and the yield levels 

were low. 

?he effects of six moisture supply levels on the seed yield, total 

biological yield and harvest index are shown in Table 3.5.1. As the 

moisture supply decreased from a total seasonal value of 319.6 nun, the 

yield derreased. As in case of chickpa, the reduction in seed yield 

was mch higher than in the total biolcgical yield, because of poorer 

partitioning of dry matter into the reproductive kcdies with decreasing 

moisture supply. 

Table 3.5.1. Effect of total seasonal moisture supply (rainfall, and 
supplementary irrigation) on the mean performance of 25 
diverse genotypes of lentil at Breda, 1989/90. 

Total seasonal Seed yield Total biological Harvest 
misture (nun) (kg@) yield (kg/ha) index 

184.6 14 291 0.05 
199.6 18 288 0.07 
229.6 74 470 0.14 
259.6 233 910 0.23 
289.6 485 1633 0.28 
319.6 649 2027 0.31 
S.E. 18.7 44.2 0.008 

LSD (-0.05) 36.7 86.7 0.105 
C.V. (%) 53.9 33.4 32.3 
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There were large differenoes in genotypes in their response to 

increasing moisture supply, althcqh the relationship in general was 

linear. m e  regression of yields on the total seaso~l rainfall using 

mean yields (of 4 replications) of each genotype is shown in Table 

3.5.2. Lentil genotypes ILL 5863, 6049, 4401, 5860 and 5754 showed a 

large respnse to increased moisture supply but low intercept, 

sqgesting that they would make very g d  use of increased moisture 

supply, but would suffer greatly under drought. On the other hand, 

there are genotypes such as ILL 6004, 6035, 4349 and 5994 which have 

higher intercept but low slope of the regression line and w d d  thus be 

performing well under restricted moisture but would not make best use 

of i n c r d  moisture supply. Mining the characteristics of these 

two groups of genotypes by crossing m y  result in hiqher and stable 

yielding lentil genotypes for the dry environments wimmn in the 

lentil growing areas of Syria. 

3.5.2. C3arackrizaticm 

A detailed study of the qrmth and phenolqical characters of the 25 

diverse genotypes of lentil was carried to investigate the possibility 

of predicting the yield performance of rainfed lentil under Tel Hadya 

mnditions. The genotypes used were the same as in the line-source 

sprinkler study at Breda. The sowing was done on 2 Dec. 1989. m e  

correlation coefficients for various characters with seed yield, straw 

yield and total biological yield are shown in Table 3.5.3. 

Seed yield was positively correlated with the d i n g  vigour 53 
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days anl 59 days after sowing, but the relationship with this character 

weakened when the period of cold spell occurred. ?he yield was 

significantly ard negatively correlated with the cold damage score 

recorded on 21  March '90. Ground carer and shoot dry weiqht early in 

the season showed negative relationship because the faster g r m t h  early 

in the season made the plants more susceptible to the cold in the 

middle of March. Hawever, the straw yield and total biolcgical yield 

was generally pasitively correlated with the early shoot dry ratter. 

Table 3.5.2. Relationship betweem total seasonal mositure supply (nun) 
with the yield (kg/ha) of lentil. 

Seed vield (kWha) Total biolcsical vield (kq/hal 
Genotype Intercept Slope RL Intercept Slope R~ 

ILL 5754 
ILL 5989 
ILL 5991 
ILL 5994 
ILL 6011 
ILL 1939 
ILL 5715 
ILL 5775 
ILL 5860 
ILL 5863 
ILL 6049 
ILL 6004 
ILL 6024 
ILL 6035 
ILL 4403 
ILL 5782 
ILL 2126 
ILL 5604 
ILL 4605 
ILL 5582 
ILL 5586 
ILL 4349 
ILL 4354 
ILL 4400 
ILL 4401 



'Bbk 3.5.3. Ctefficimts of d a t h  of vari- Fprwth ard mcg ica l  
haits with the yield of l d  at Tel H d y a  1989/90 (Bsed 
cn 25 ard 4 lEpliotich6). 

Viqur m 24.1 (3.01 cn 1-5 scale) 
V- cn 6.2 (2.942) 
Viqur cn 1.3 (2.738) 
Viqur cn ll.3 (2.510) 
V k p r  cn 21.3 (2.501) 
Viqur Cn 2.4 (2.34) 
V k p r  cn 18.4 (2.359) 
aald 21.3 (36.79%) 
% pard - cn 24.1 (11.51%) 
8 grnarl - cn 6.2 (17.34%) 
% CJJXUd - cn 1.3 (27.8%) 
% grnarl aher cn ll.3 (43.5%) 
% grnarl - cn 21.3 (53.7%) 
% grnarl- cn 2.4 (67.5%) 
% c p x d  - cn 18.4 (74.9%) 
Sbk chy k$k cn 23.1 (0.0019 g/b) 
Sbk chy e$k cn 6.2 (0.0394 g) 
Sbk dry hFii$k cn 1.3 (0.1049 g) 
Sbk dry e$k cn 12.3 (0.1945 g) 
Sbk dry cn 21.3 (0.3073 g) 
Sbk dry c n  31.3 (0.4916 g) 
szmt dryhei* t  cn 12.4 (0.7339 g) 
SxXk  dry^^ cn 20.4 (0.9365 g) 
Leafsize cn 18.4 (1.63)~ 
Leaf mlar cn 18.4 (3.08)~ 
Leaf h a i r k s  cn 18.4 (2.60)~ 

Seed 
yield 

0.2696** 
0.2017* 
0. Ill0 
0.0962 
0.1382 
-0.0077 
-0.1532 
-0.2036* 
-0.3628** 
-0.1370 
-0.1633 
-0.1468 
0.1241 
0.2089* 
0.3156** 
-0.0818 
-0.3394** 
-0.1937 
-0.2379* 
0.0051 
0.1742 
0.3479** 
0.3089** 
-0.2076* 
0.2960** 
4.2282* 

S t r m  'Ibtal biolcgical 
Yield yield 

0.0706 0.1683 
-0.0256 0.0670 
-0.0859 -0.0172 
-3.2063* -0.1141 
-0.2542* -0.1321 
-0.5392** -0.4088** 
-0.6047** -0.5202** 
4.5385** -0.4946** 
-0.1483 -0.2666** 
4.0846 4.1226 
0.1076 O.Oll1 
0.2467* 0.1228 
0.4125** 0.3633** 
0.6567** 0.5832** 
0.7541** 0.7021** 
0.1952 0. Ill8 
0.2428* 0.0376 
0.4174** 0.2311* 
0.236W 0.0758 
0.5002** 0.3784** 
0.5574** 0.4937** 
0.7ll0** 0.6834** 
0.5778** 0.5665** 
0.3006* 0.1374 
-0.2105* -0.0317 
-0.0167 -0.ll02 

Eq5 to start of flmxirg (120.5 days) -0.1767 0.2088* 0.0815 
nryS to start full flaerirg (124.3 days) -0.1864 0.2886** 0. U74 
LQS to start of (135.3 days) -0.1970 -0.0465 -3.1192 
nryS to start full (U9.6 days) -0.2675** -0.1451 -0.2235* 

to start of Ui3bJrilXJ (147.9 d-) 4.2045* 0.1668 0.0380 
Days start full ilt3bEity (153.7 d d ~ )  -0.232@* 0.1705 0.0291 

'IMal biolcgical yield (2274 !ql-a) 0.7218** 0.9194** 

S e d  yield (603.3 m) 0.3913** 

1-3 scale, 1= srall leaf; 3= larqe leaf 
1-5 scale, 1= dark qnm, 5= ple  gn?m 
I+ scale, 1= - kiiry; 5= wim hairy qwth 

* S-ficant at RO.05; ** Sicpificant at RO.01 
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?here was a negative correlation between the leaf size and the 

seed yield. Lighter green mlour and hairy surface were associated 

with higher grain yield. Cays to podding and days to maturity w e n  

negatively associated with the seed yield erphasising the need for 

earliness in the lentil genotypes under the dry emiromrent of Tel 

Hadya (total seasonal rainfall 233.4 nun) this season. 

3.5.3. E(oot studies 

Differences in the rooting pattern affect the amount and timing of 

availability of water to a crop, and can be an important mechanism in 

droqht tolerance. Differences in the root growth of some selected 

genotypes w e r e  okserved in a pot study in greenhouse in 1988/89 (FL,IP 

Annual Report, 1989). To confirm the results, studies were repeated 

during the 1989/90 season. The results on shoot dry weight and root 

length, root volm and root dry weight are presented in Fig. 3.5.1. 

As in the previous season ILL 4400, ILL 4401, ILL 5582 attained higher 

rwt volume, l a  and dry weight than others. ILL 6004 which made 

faster early growth invested lesser dry weight in the root system. 

Drs. M.C. Saxem and S.N. Silim. 



1
0

,
~

 1
v

C
v

 
10.. 

)O
.I 

1
1
1
1
 

Z
.1. 

Im
II 

V
D

D
I 

,,, 
1
7
,
 

nn 
nl 

nl 
rrn

 
n
l 

rrj 
D

O
,, 

..c. 
10.. 

'0
.. 

,111 
1
.1

1
 

t
l
l
l
 

P
O

O
* 

n
, 

.,a 
r
r
, 

7
7

, 
1

1
1

 
111 

111 
1

1
1

 



Studies on the extent of damage by Sitona crinitus to lentil yield and 

nitrogen fixation were continued. For storage pests aperhsnts were 

conducted on m e t h c d s  of protection in the store. 

3.6.1. Effect of 5. minitus on Ierrtil Y i e l d  and Nitrogen F'hation 

In the previous year (1988/89) 15 N technique was used to determine the 

effect of the -M lamae feeding in the nodules on the nitrogen 

fixation of the lentil plants. Microplots in the check and 20 kg/ha 

carbofuran (5 % G) treatnents received 10 kg N/ha of 10 % 15 N atom 

excess as m n i m  sulphate; microplots of the reference cmp (non- 

nodulating chickpea) received 100 kg N/ha of 1 % 15 N atam excess 

fertilizer. The experiment was carried out at Breda, Tel Hadya and 

Jinderess using 2 sawing dates (late November and early J a n v )  . 
'Ihe rainfall during 1988/89 season was low, resulting in l a  yields, 

especially in the late sowing dates. 

The application of carbofuran increased lentil seed and total 

biolcgical yield at all locations in the early sowing date, but 

significantly only at Jinderess with the higher rainfall of 354 m 

(Table 3.6.1). At Jinderess the percent nitrogen derived from fixation 

was significantly higher in the early (71 %) than in the late sowing 

(43 %). Although about 50 percent nodule damage without &M 

control was otserved in both early and late sawing, the percent 

ni-en derived fmm fixation was the same. Nitrqen yields from 



Table 3.6.1. Effect of ming date and &furan application (20 
kg/ha 5% G) on l en t i l  seed and to ta l  biological yield, 
ncciule damage by -M a d  ni tnqen fixation a t  3 
locations in Syria, 1988/89. 

Lccation Treatment Lentil yield N yield % N from N yield % a g e d  
(rainfall)  @/ha kg/ha fixation from nodules 

seed Total fixation 
(kg/ha) 

Early C 0 738 1781 

Early C 20 1138 2468 

Late C 0 370 1083 

S.E.M. 66.4 117.8 
I S D  FY0.05 212.3 377.0 
CV % 20.0 14.2 

Tel Hadva Early C 0 345 1445 
(235 nun) 

Early C 20 429 1690 

Late C 0 226 991 

Late C 20 245 933 

S.E.M. 46.2 120.4 
I S D  R0.05 147.8 385.0 
CV % 29.7 19.0 

Breda Early C 0 221 766 
(190 nun) 

Early C 20 228 803 

Late C 0 42 202 

S.E.M. 7.4 31.0 
I S D  FY0.05 23.6 99.2 
CV % 10.9 12.4 
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fixation were higher with carbofuran application, but not 

significantly. At Tel Haciya (235 mn rainfall) lentil yields and 

nitrogen fixation were lower. In early sowing the percent nitrogen d 

nitrogen yields fm fixation were significantly higher with cabfuran 

application, &I- in late sowing no effect of -M control on 

nitrogen fixation was found. At Breda, the dry site with only 190 nnn 

rainfall, yields were very low, but the percent of nitrogen deived f m  

fixation was about the same as at Tel Hadya. In early sowing the 

percent nitrogen and nitrcgen yields from fixation were slightly, but 

not significantly, higher with carbofuran application. In late sowing 

cabfuran did not reduce ndule damage and no effect on nitrogen 

fixation was found. 

This season, 1989/90, the experiment was again conducted at the 3 

locations, but the treatments were changed. ?he results of the 

previous years had consistantly shown that in spite of higher a m  

infestations in early sowing, yields were higher because of the longer 

gmwing period for the plants, especially in dry seasons. Therefore 

only the early sowing date, end of Nw-, was included. As the seed 

treatment with F'miwt proved to be effective at Tel Hadya last season, 

2 dosages of Pnsnet (12 and 25 ml/kg seed) and 2 dosages of cartofuran 

(10 and 20 @/ha 5 % G) were used as treatments this season. 15 N 

M q u e  was used to quantify the nitrcgen fixation, hereby 

microplots in the check and all treatments received 10 kg@ N of 10 % 

15 N atm excess as m n i m  sulphate, and the microplots of the 

reference q(non- M a t i n g  chickpa) received 100 kg@ N of 1 % 15 
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N atan excess fertilizer. E e a u s e  of the low rainfall again this 

season and severe frost in mid Plan31 at Tel Hadya and Breda yields in 

general were lw. 

At Jinderess with 333 mn rainfall the lower and higher treatment 

levels of both cartofuran and FTomt significantly increased lentil 

seed and total biolcgical yield (Table 3.6.2). No difference was found 

between the two levels of both insecticides indicating that the lower 

dosages are effective. Promet treatment tended to give higher yields 

than cartofuran, although the difference were not significant. The 

nitrogen yields were significantly higher in both Promet and the 

carkfuran 20 kg/ha treatments. Although the mean n-e damage of 5 

sampling dates was 64 percent in check plots and was significantly 

meed by all treatments, the percent nitrcgen derived from fixation 

did not differ and was between 4 1  and 43 percent in various treatments. 

The nitrogen yield from fixation, however, was significantly higher in 

both Prmnet treatments and the 20 kg/ha CarbOfUran treatrent than in 

the check. 

At Tel Hadya, yields were low and yield increases due to -M 

control were nonsignificant. All treatments significantly reduced the 

nodule damage from 76.5 to 20-269. The percent nitrcyen and nitrcgen 

yields derived f m  fixation were hi@- with e m  control, but not 

significantly. 



Table 3.6.2. Effect of 2 levels of carbofuran (10 and 20 kg/ha 5% G) 
and hnmet (12 and 25 ml/kg seed) on lentil seed and total 
yield, nodule damage by S i t o ~ ,  and nitrogen fixation at 3 
locations in Syria, 1989/90. 

Location Treatment Lentil yield N yield % N from N yield %damaged 
(rainfall) m/ha Icgm fixation from nodules 

Seed Total fixation 
 ha) 

J i n d w  Check 1634 4598 98.2 42.3 41.5 63.8 
(333 nun) 

C 10 1890 5411 134.1 41.7 56.1 23.7 

S.E.M. 63.4 177.8 12.6 
LSD R0.05 195.4 547.9 38.8 
C.V. % 6.8 6.6 18.3 

Tel Hadva Check 320 2812 70.8 44.3 31.4 76.5 
(233 nun) 

C 10 332 2957 77.1 47.1 36.3 21.9 

S.E.M. 51.8 146.9 4.1 
LSD R0.05 ns ns ns 
cN % 31.0 10.1 10.8 

Check 39 558 17.7 38.0 6.8 47.5 
(183 nun) 

C 10 15 528 17.3 37.8 6.5 9.9 

S.E.M. 13.7 16.1 0.6 
I S D  R0.05 ns 49.5 1.9 
CV % 81.7 5.6 6.3 
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At Breda with only 183 m rainfall plant growth and yields were 

extremely la. Pmmet treatments and m f u r a n  20 kq/ha slightly 

increased lentil total biological yield and nitrogen yield. Nodule 

damage was significantly reduced by both the insecticide but no 

difference existed in the percent nitrogen derived fmm fixation. ?he 

nitragen yield from fixation was significantly higher in the 

25ml/kg seed treatment than in the check. 

m e  2 seasons results revealed that the nodule damage caused by 

-M larvae did not significantly decrease the percentage of plant 

nitrogen derived fmm fixation. However, aria control increased 

nitrogen yields fmm fixation at all locations in both years. As in 

both seasons rainfall was low the experiment will be repeated at Tel 

Hadya and Jinderess in the mming season. 

3.6.2. Cn-farm Evaluatim of pnn& seed -bent for Si tom Corrtrol 

The effectiveness of Pmmet seed treatment (12 ml/kg seed) in 

canparison to -furan (10 kg/ha 5% G) was studied in on-farm trials 

at 2 locations near Breda station with low rainfall (Azzan and Abtin) 

and at 2 locations near Jinderess with hiaer rainfall (Alkamiye an3 

Afrin) . Both treatments increased lentil seed and biolcqical yields at 

all locations, but only the increase in biological yield in Promet 

treabent at Alkamiye was significant (Fig. 3.6.1). At Mrin no yield 

data auld be obtained because of accidental hwest of the crop by the 

farmer. 



Figure  3.6.1 

Alkamiye 

Seed yield W Biological yield 

" 
Carbofuran 10 Promet 12 Check 

Azzan 
t l h  
1 

Abtin 

" 
Carbofuran 10 Pmmet 12 Check 

E f f e c t  of  a p p l i c a t i o n  of c a r b o f u r a n  (10kg/ha,  5% G )  
and Promet ( 1 2  ml/kg s e e d )  on l e n t i l  s eed  and 
b i o l o g i c a l  y i e l d  a t  3  on-farm l o c a t i o n s  i n  n o r t h e r n  
S y r i a ,  1989190, S t anda rd  e r r o r s  of mean f o r  seed  and 
b i o l o g i c a l  y i e l d s ,  r e s p e c t i v e l y :  Alkamiye 0.079 and 
0.148, Azzan 0.084 and 0.166, Ab t in  0.006 a n d 0 . 0 5 2 t l h a .  



VDS 

Breda Jinderess Allramlye Abtin 
T.Hadya Afrin Azzan 

Figure 3.6.2. Effect of carbofuran (10kgIha 5% G) and Promet 
(12 mllkg seed) treatment on Sitona feeding 

-. 
damage in lentil measured by visual damage score 
on 16 January and 15 February at 7 locations in 
northern Syria, 1989190. 
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'Ihe feeding damage of the -M adults was assessed a t  seven 

sites twice (midJanuary and mid-February) using a visual damage score 

(WE, 1 t o  9) .  Prmnet effectively suppressed feeding, whereas in the 

carbofuran treaberh sane feeding damage cccurred (Fig. 3 . 6 . 2 ) .  ?he 

extent of damage also differed between locations, being higher a t  Te l  

Hadya, Jindexess, Afrin and Azzan, as ccqmxd t o  that  a t  Breda, and 

-ye. 

Oviposition of _S. crinitus was monitored by counting the nunhr of 

eggs extracted from 100 cc soil samples taken a t  2 week intervals. A t  

a l l  locations w i p i t i o n  started in the beginning of Jammy, reached 

a peak in  mid-Feb- and ceased in early April (Fig. 3 . 6 . 3  and 

3.6.4). A t  the dry locations, Breda, Azzan and Abtin, the n- of 

eggs i n  general was lower and miposition more uniform w e r  the 3 

mnths pericd as oompared t o  the other locations with higher rainfall  

where a pronounced peak of miposition was oksemed. Both h-omet and 

cabfuran treabtats greatly reduced the n- of eggs w i t h  Pmmet 

being more effective. 

The mean nodule damage a t  5 sampling dates w e r  a 2 months period 

a t  the 3  stations and 4 on-farm sites is presented in Figures 3.6.5. 

and 3.6.6, respectively. A t  Breda and the other dry locations nodule 

damage was low a t  the end of February and only increased in March, 

whereas a t  Tel Hadya, Jinderess and Afrin nearly 80 percent m3ule 

d m g e  was &served a t  the f i r s t  sampling date. A t  a l l  locations 

Pmmet and carbofuran significantly reduced the nodule d m q e  a t  a l l  



Breda 

- Carbofunn 30 b/ha  
... Promet 12 ml&g 
- Check 

Tel-Hadya 

Jinderess 

..--.. ::LL 0 m ,  --. 

8/12 2/1 1611 2911 1212 27/2 12/3 26/3 914 23/4 

Dates 

Figure 3 . 6 . 3 .  Mean number of Sitona crinitus eggs extracted from 
100 ccm soil samples with and without carbofuran 
(10kgIha. 5% G) or Prornet (12 mllkg seed) treatment 
at Breda. Tel Hadya and Jinderess, Syria, 1989190. 



Afrin 
No.01 SITONA eggs looi 

Alkamiye 

No.01 SITONA egg8 
100 

' Carbofuran 10 Lglha 

Promet 12 m11b 

A Check 

20 ' 

0 - r  -- --rr 7 0 

Azzan Abtin 
No.of SITONA eggs 

100 
No of SITONA eggs 

100 

Dale8 Dates 

Figure 3.6.4. Mean number of Sitona crinitus eggs extracted from 
100 ccm soil samples with and without carbofuran 
(lOkg/ha, 5% G )  or Promet (12mllkg seed) treatment 
at 4 on-farm locations in northern Syria, 1989190. 



Breda 
% Nodule damage 

loo 1 
A Carbofuran 10 k ~ l h a  

Td-Hadya 
100 1, 

I 0 0  - 
Jinderess 

0 '  - -- - 
2812 1313 2713 1014 2314 

Dates 

F i g u r e  3.6.5.  E f f e c t  of c a r b o f u r a n  (10kg/ha, 5% G )  and Promet 
(12ml/kg s e e d )  a p p l i c a t i o n  on S i t o n a  damage t o  
n o d u l e s  i n  l e n t i l  a t  Breda ,Te lHadya  and J i n d e r e s s  
S y r i a ,  1989190. 
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dates. The curves for the 2 insecticide treatments closely follaJed 

the m e  for the check, with clear treatment effects indicating that 

the sampling methd is capable of determining the development of nodule 

-gee 

Ccrnrparing the results of visual damage score, nurrS3er of eggs and 

nodule damage reveals that low feeding damqe results one associated 

with lower wiposition which in turn results in lower nodule damage; 

this has k e n  confirmed by the regression studies. The number of eggs 

laid/100 cc soil (yl) at the peak in mid-February was related to the 

visual damage score in mid January (xl) in a quadratic fashion 

described by the equation yl=4.10-5.08x1+4.68x12 with a multiple 

correlation coefficient of 0.8449 (R0.01). ?he percentage of damaged 

nochrles (y2) in mid March was related to the nmbr of eggs (x2) at the 

peak in mid February again in a quadratic pattern described by the 

equation y2=18. 75-0. 0190X2+2. 166~x2~ with a multiple correlation 

coefficeint of 0.8408 (RO. 01) . The direct relationship between the 

visual damage score (xl) and the ncdule damage (y2) was slightly weaker 

but exponential and could be described by the equation 

y2=21. 47+1. 1960x1+3. 8689x12 with a multiple correlation coefficient of 

0.7387 (RO.01) . 

3.6.3. pmtxction of 143 seeds in Storage 

?he previous surveys of storage pests in Jordan and Syria revealed that 

the univoltine Wchus spp. are mre anmmn in lentil. Hawever, the 

mltivoltine species, Callosobmchus chinensis also causes considerable 



Afrin 
% Nodule damage 

100; 

Alkamiye 

100 
% Nodule damage 

I 
Carbofuran 10 kglh .  

80 - prome, i 2  m l l b  

Check 

60 

40 40 - 
20 ' 20 

0 0 

Azzan Abtin 

% Nodule damage 
100, 

4b Nodule damage 

40 

20 ' . - 
, - . 

0 
2712 1213 2613 914 2214 2712 12/3 26/3 014 2 2 / 4  

Dales Dale8 

F i g u r e  3.6.6.  E f f e c t  of c a r b o f u r a n  (10 k g l h a ,  5% G) and Promet 
(12rnllkg seed)  a p p l i c a t i o n  on S i t o n a  damage t o  
nodules  i n  l e n t i l  a t  4 on-farm l o c a t i o n s  i n n o r t h e r n  
S y r i a ,  1989/90. 
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losses necessitating wntrol methods. A nlrmber of traditional methods 

of seed protection were tested for their effectiveness in amprison 

with 2 insecticides, Actellic (1 g and 0.5 g/kg seed) and K-othrin (0.5 

g/kg seed). Treatments were same as those for chickpea (Section 

2.4 .4 ) .  

Every 3 months 500 lentil seeds were infested with 4 female and 4 

male _C. chinensis and the nmhr of progeny per female and percent 

infestation wunted after 1 month. Except for the insecticide 

treatments and olive oil + salt, all other treatments were not 

effective for even a period of one month giving 35 to 54 progeny per 

female and 26 to 44 percent infestation which did not differ f m  the 

check (55 progeny a d  41 percent infestation). Therefore these 

treatment were dropped f m  further evaluation. The insecticides and 

olive oil + salt treatnent continued to be effective, even after a 

perid of 10 months. The lower dosage (0.5 g/kg seed) of Actellic was 

as effective as the higher dose. 

Drs. 0. Tahhan and S. Weigand. 



Ihe 1989/90 season was the first for  the  ICARDA faka bean improvement 

team based a t  Dcuyet, M-. For the past season there w a s  a full 

set of 1- t r i a l s  anl nurseries a t  Douyet Research Station, and a t  

ICARDA headquartem only work on the germplasm collection of faka bean 

continued. Core act ivi t ies  on faba bean w i l l  be oompletely phased out 

by the end of 1991, except that  collection, consemation, evaluation, 

doarmentation ard distribution of germplasm w i l l  be continued i n  the 

Genetic Resources Unit, and dissemination of information througfi the 

Camnunication, Dxummtation and Information Unit. Reraining core 

activity in the interim period w i l l  aim to continue the sm03th transfer 

of research t o  INRA, NOLTX~,  which w i l l  assume responsibility for 

faba bean inprovement. 

Faba bean is predmimtely grown in  wheat-based farming systems in  

the  WANA region, mainly in medium rainfall  environments ( m e  450mn). 

For this reason, Dwyet Research Station near Fes, Morocco, was chosen 

as the site for  the transfer of faba bean inpmvement research from 

ICARDA t o  INRA, Morocco. The goal of faba bean improvement research 

has been to make the cmp more mmpetitive with other crops, thereby, 

halting the decline in faba bean area over the past twenty years. With 

faba bean as a more appealing alternative t o  continuous cereals, a more 

sustainable farming system muld be developed in  the medim rainfall  

areas of m. 
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?he shif t  of faba bean research to North Africa brcnqht a major 

shift in esnphasis t o  Oro$anche resistance. Imreased research in this 

a r e  has achieved prcnnising results. R e s e a r c h  on other major pests of 

faba bean (chocolate spot, rust, mtdes, and ascxchyta blight) and 

to  inprove plant response to pmdudive e n v i r o m  thruqh altering 

the plant type has been given major enphasis in  the transfer of ICARIYL 

work fmm H e a d q u a t s s  to Morcwxlo. 

In accordance with the decision of the Consultative G n u p  on 

International Agricultural Research (GIAR) t o  phase-aut crop 

inpmvement on ffaba bean a t  ICARDA hea- and t o  transfer this to 

a North African national research prqram, the ICARDA faba bean 

inpmvement team was transferred to Douyet Research Station (near Fes) 

of IMIA, ~~ as of 5- 1, 1989. The objective of this mare 

has been to develop an DWi, Morocco faba bean team to assume the 

respcolsibility of IcAFDLfs faba bean crop inpmement research. 

Special efforts w e r e  made during the f i r s t  season to establish strong 

foundations to ccwplete the transfer by the end of 1991 to set the 

stage for special funding which guarantees the snooth continuity of 

research beyond 1991, when ICARDAts core funding on faba bean w i l l  

U m t e .  Breeder and agronomist countsprts have been identified 

and stationed a t  w e t  with the IcAFDL faba bean m. Day to day 

interaction has helped in training these c o u n ~  t o  assume their 

future roles. Efforts are continuing to identify a c o u n ~  
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pathologist who will be in place by January, 1991. 

specific acrrmplishmnts in establishing a faba bean project in 

Daryet are as follows: 

(a) 'It.lo offices with two ccanplters and a pathology laboratory with 

basic quiprents were establishd. 

(b) Screenhouse facilities for p;lre line breeding (21) were transferred 

and field facilities for disease screening research were 

established. 

(c) Faba bean inp,ruvved germplasm, including inbred and advanced lines 

with disease resistance, closed fl-, determinate graJth habit 

and IVS were transferred from ICARDA to w e t .  

(d) North African Regional w e  and Small Yield Trials and Orobanche 

nurseries were initiated and distributed. 

(e) Screening for resistance to -e at Douyet, &ocolate spot and 

A s a r h y b  bliqht at Meknes, an3 stem nemtcdes at Guich began in 

1989 under artificial inoailations. 

(f) Verification trials to transfer orokamhe resistant lines to 

farmers were initiated in close collaboration with extension 

personnel in Mo-. 

(g) A two week faba bean inpmenwt course (breeding/patholq) was 

conducted in collaboration with INRA anl EML-Nebes.  'Ihe course 

hosted 14 participants f m  six different countries. 

While all efforts have been made to transfer ICARDA1s faba bean 

research to INRA, Morccco, to accomplish this transfer by December, 
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1991, in a way that will have a sustainable inpct, is not possible. 

Ihe INRA faba bean breeder and agronomist were only in place in 

F e b q ,  1990 and there is still need for a patholqist to be 

identified. Since none of those prfmnnel have previous faba bean 

experience, the minimrm on-the-job training these ~tional staff will 

need would be three to f a r  years. Furthemore, DWA, M o m ,  quite 

correctly desires to send these staff abroad for Ph.D. training to 

have a well-trained faba bean inprovement prqmm. 

For the abwe reasons, major efforts were l~de in developing a 

bilateral grant proposal to supprt a faba bean project in M o m .  

This proposal has made provision to provide necessary facilities for 

the INRA faba bean prqmm and an operating budget. Also, there is 

provision for a faba bean breeder/pathologist to he recruited by ICARaA 

internationally to backup the INRA faba bean team in this transition 

period. A EPlZ team met with INRA and I O X A  in September, 1990 and 

discussed the proposal with a favorable reaction. Suggestions have 

been incorporated and the proposal has been fomlly submitted to EPlZ 

by the Govenmsnt of Morooco. 'Bridge-funding' to meet any gap between 

the end of 1991 when ICARDA core funding stops and the time when the 

bilateral project with INRA, M o m  assumes financing for the faba 

bean project, is also being sought. Funding for Tunisia and Algeria 

national prqram for faba bean research has also been requested. 



4.2. Faba Bean P - "y 

Faba bean breeding has concentrated on prwiding high yielding lines 

w i t h  acceptable consumer traits such as laqe-seeded, l o n g - w e d  lines 

for vegetable use, large and intermediate seeded lines as pulse and 

smal l  seeded lines for use as animal feed. The m j o r  act ivi t ies  of 

faba bean improvement research were on resistance t o  biotic stresses, 

pr t icu la ry  Orobanche, and in altering the plant type t o  control 

vegetative grayth, flower and pod drop, and converting faba bean into a 

self-pollinated crop. 

4.2.1. Ihe Season in Mmoco 

In general, the weather mnditions a t  m e t  in 1989/90 w e r e  

ch?zck r i zed  by uneven rainfall  distribution (Fig. 4 .2 .1 )  . Of the 

total 578 m of rainfall  W i n g  the season, 71% w a s  received between 

October and January. 'Ihe m i n i n g  29% was received i n  March, April 

and May. These conditions delayed planting and affected troy, growth 

and development. 

4.2.2. Use of -1asn by N a t i a r d  ~mp-ants 

Iran released 'Barakat' for green pod p m c t i o n  in 1987 because of 

higher green pod and dry seed yield, and because of partial  resistance 

to chomlate spot and Asccchyta blight. Line 80543977 has been 

release3 as 'Favel' i n  Portugal in 1989 because of high yield and large 

seed s i ze .  In Ethiopia a cross bulk has been purified and is naw i n  

pre-release multiplication. 
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D e t e r d n t e  lines are in on-farm t r i a l s  in China and Syria. In 

Syria 80544027 is i n  the third year of on-farm testing. FLIP 86-146FB 

was chosen for on-farm t r i a l s  in southem China because this 

determinate line f i t s  in well with the p r e d h t e  cotton-faba bean 

relay cmpping system. In Tunisia, the lines 80580028, 582113-8 and 

S82033-3 have been selected for prerelease nultiplication because of 

the i r  yield potential in dnmght conditions (Fig. 4.2.2). A l ine in 

Tunisia, FLIP 83-106 FB (m11-seeded), has been identified for  

d t i p l i c a t i o n .  In Algeria 14 lines w e r e  provided for mdtilocation 

test*. A summary of the use of ICARDA lines for miltilocation, on- 

farm, and verification t r i a l s  is given in Table 4.2.1. 

Seed yield (kg/ha) 
3000 7--- - _1 

Local ILB 1270 S82033-3 582113-8 80S80028 

Faba bean line 

Figure 4.2.2. Average performance of ICARDA faba bean lines under 
ckcnqht conditions in Thnisia for the years 1988, 1989, 
and 1990. (Data courtesy of M r .  H. Halila and MI-. M. 
Kharrat) . 



Table 4.2.1. Use of 1- lines by National Programs. 

use 

Alqexia 
Chile 
China 

Esypt 
Mhiopia 
Iran 
Iraq 
mJ--twal 
Syria 

14 lines 
ILB 1814 
FTJP 86-146F'B1 
3 lines 
ILB 1270 
74TA12050x74TA236 
IIE 1269 
IIE 1814 
80843977 
80544027 
Flip 84-239F731 
80580028, 582033-3, 
S82113-8 
ILB 1270 

Wtilocation testirg 
Pre-release multiplication 
On-farm trials 
Large scale increase, 1 ha each 
h-e-release multiplication 
h-e-release multiplication 
Released as 'Barakat' 
Pre-release multiplication 
Released as 'Favel' 
On-farm trials 

Pre-release multiplication 

Large scale increase 

1 D e t e r m i n a t e  line. 

With the transfer of ICARIlA faba bean inip1wement activities to 

wet, Moraxn and the planned assumption of respnsibility for this 

by INFA, M o m  after 1991, efforts on production of finished 

cultivars have been reduced and increasing emphasis has been given to 

the prcdudion of enhanced germplasm p l s  and stocks for the use of 

national pmqram. 

Resistance to pests constitutes the bulk of specific requests of 

national pmqmn~, namely, resistance to Orobanche, chocolate spot, 

stem mtcdes, Ascochyta bliqht, and rust. Egypt has used IIB 938, a 

disease resistawe source, for production of four lines which are to be 

released with resistance to chmlate spot and rust (Table 4.2.2). 



Table 4.2.2. Use of ICARDA gexrplasm, resistance sources, popllation~, 
arrl e l y  generations lines by National PrqJZmS during 
1987-1990. 

Year 

Algeria 

Algeria 

Egypt 
Egypt 

Egypt 
Egypt 
Egypt 
Egypt 
Ethiopia 

Ethiopia 
Ethiopia 

Morocm 
Sudan 
Sudan 

Tunisia 
Tunisia 

Tunisia 
China 

No.of lype of material 
lines or 
crosses 

339 Disease resistant lines for yield 
testing in screening nursery 

96 D e t e n n i ~ t e  lines in screening 
nllzSery 

1250 BPL's aphid screening 
1 II5 938 used for crosses to 

develop disease resistant varieties 
600 BPL's aphid screening 
200 Early generation lines for screening 
19 F2 populations-IVS 
600 BPL's aphid screening 
1 Cross bulk purified for variety 

release 
27 Lines in advanced national yield trials 
532 Early generation lines in screening 

nurseries 
617,33 F3 progenies; F3 EUlks Chinese 

Disease resistant; IVS, deter. 
populations and progenies 

200 F2 populations and F3 derived progenies 
96 Crosses made for disease resistance, 

NS, and determinate 
339 Disease resistant lines for yield 

testing in screening nurseries 
96 D e t a m i m t e  lines in screening nursery 
19 F2 populations IVS 
10 F2 populations - earliness (Sudan, 

Chinese) 
190 Lines for disease screening nursery 
339 Disease resistant lines for yield 

testing in nursery 
96 D e t e r m i ~ t e  lines in screening nursery 
3 Craises for large seeded N87033, 

N87043, and N87035 
229 F3 P W a Y  - 
600 BPL's for aphid resistance screening 
500 BPL's for Orobanche resistance 

m i n g  
500 BPL's for stem nematde resistance 

-ing 
1990 Monxm 500 BPL's for stem -tale resistance 

screening 
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Csosses have also been made between 1-e-seeded types such as 

Aquadulce and New Mmmth with local landraces at the request of 

rational programs, and F2/F3 populations pmvided (Table 4.2.2) . In 

1988, Fg e a t i o n s  with the IVS (irdeperdent vascular supply) trait 

have been -lied to China, Egypt, Sudan, and Morocco at their 

request. In 1990, crosses were made at Douyet and at Cordoba, Spain to 

sine Orobanche resistance with large seed and long pods of 

Aquadulce. Also, crcsses were made at Emyet to m i n e  Orobanche and 

chocolate spot resistance. Backamsses to the -e resistance 

sances will be made in 1991. 

?he main emphasis in faba bean breeding will be to ensure a 

sincwth transfer of ICARDA j.npmvement research to I N R A - M o r o c ~ ,  and to 

the other national programs of North Africa. This will be effected 

thmngh transferrirq enhanced germplasm, visits to NARSs in North 

Africa ard close collabomtive work with colleagues in the national 

programs in exploiting the full potential of the enhanced germplasm. 

Dr. L.D. Robertson. 

4.2.3. Dwelcp~& of !mait specific W c  Stocks 

Disease resistance research included maintain- the uniformity of the 

disease resistant inbreds for distribution to national programs in 

international disease screening nurseries and for use in producing 

segregating populations with disease resistance for selection by 

national breeders and pathologists. Most work on disease resistance 

involved selection frcan F3 to F6 progenies with disease resistance and 

yield for use in the national programs of North Africa. 
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4.2.3.1. Gen@asm for disease resistarrz 

Brooonape ~~ crenata Fofik.) : mis is the most important plant 

parasitic wee3 which attacks faba bean in the dry and hot areas of the 

I-Wiknaman region. Q. crenata is difficult to rnanaqe and all 

amnnercial faba bean cultivars gmwn by farmers today are susceptible. 

The wide preval- & severity of 0.cre~ta in certain areas in North 

Africa has forced farmers to drop faba bean dtivation. lhe use of 

chwicals to control Q. -ta is expensive and breeding for 

resistance to this plant parasitic weed has long been hanpred by the 

lack of useful sources of resistance. With the transfer of faba bean 

hq~rovement research to Douyet, Ma-, enpkzsis on screening for 

resistance to Orobanche has i n c r d .  Success from screening the BPL 

collection has been limited; from two years of screening 900 BPL's, 

only one (Bm, 2830) was rated as resistant. 

However, considerable pmgress has been made with material 

received from Spain that used Orobanche tolerant line f m  Egypt-F 402. 

Fifty progenies from the cross (F402xINIA06)xF402 were tested in 

artificially heavily infested fields in 1988 and 1989 in Syria and 1989 

in M o m .  A total of 85 single-plant selections were rated as hiwy 

resistant, canpared to the local susceptible check. 

'Ihree selections; 18009, 18035, and 18105 were consistently rated 

as resistant at both lorations compared to local check plants in 

adjacent rows which were almost completely destroyed by the parasite. 

?he differentiation between resistant and susceptible faba bean lines 



was based on the number and weight of mohnche shoots, and also on the 

p e r f o m  of the parasite. 'Be yield pcrterrtial of these selections 

was wmpared with that of the widely grown camercial cultivar 

"Aquadulce'f at Douyet Agricultural Research Station in Morocco in 1989. 

Plants were gram in plots 5x6111, employing a cumplete randomized block 

design with three replications. The significantly lower number and 

weigkt of Orobanche shoots per plant of the resistant selections 18009, 

18035, and 18105 were associated with a significantly higher number of 

pcds and seed yield wmpared to Aquadulce (Table 4.2.3, Fig. 4.2.3). 

When the 85 selections from 1989 and new material frcnn Spain (184 

lines) w e r e  tested in 1989/90, m y  resistant selections from the 

crosses were found (47 from previous years and 144 of the new lines). 

These had a lawer nmhr of Orobanche shoots/faba bean plant compared 

to the local susceptible check, Aquadulce (Figs. 4.2.4 and 4.2.5) . 
RLis resulted in mch higher yield levels of the resistant lines (2 to 

4.9 t/ha vs. 0.9 t/ha for Aquadulce). 

Table 4.2.3. 'Ihe effects of O r o ~ e  c-ta on yield in faba 
bean lines grown at Douyet/Moroax, in 1989/90. 

Selection Ombanche shmt/host ulant Mmd>er of Yield 
88. Lat M m k e r  Weiqht faba bean faba bean 

* Plot size 30 mL with a range of 7-12 seeds of Orobanche/ Qn3 soil. 
CVs for nmker of Orohmche shoots = 17.8%, weight of Orobanche shoots 
= 27.4%, nu&er of faba bean pods = 16.3%, and faba bean yield = 13.9%. 
** Significant at R0.05. 



Number 
-- 

18035 18009 18015 Aquadulce 
Lines 

Y~eld Pods/plant - Shoots/host plant 

Figure 4.2.3. The effect of Orobanche crenata on faba bean yield. 

** Significant at 1% level. 
CV for faba bean yield = 13.9%; cv for number of faba bean pods 
= 16.3%; cv for number of Orobanche shoots per faba bean plant 
= 17.8%. 

NO shoots/host plant : Faba bean y~eld 

Figure 4.2.4. Performance of seven new Orobanche-resistant 
progenies compared to the local check Aquadulce 
in an artificially infested field at Douyet 
in 1989. 
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lb original progenies were selected by Drs. J.I. Cubero and J. 

Hernanaez at Bldaba, Spain. (3rosses are being made in Spain to 

coobine this Orobanche resistance with the Aquadulce ladnce type and 

at Dxlyet to d i n e  with chomlate spot resistance sources. 

Mr. Z. Fatemi, B. S.B.HanounikardL.D.Rd3eTtSMI. 

Ditvlendms dirsaci: Screening for resistance to stem nematodes @. 

dicsaci) was carried out in collaboration with INFA and IAV-Has- I1 

at Guich micultural Experimental Station in Rabat. Infested fab 

bean stas collected from the previous season were used to inoarlate 

200 f a  bean g-lam accessions (BPL 3006 to BPL 3263) from ICXUA 

using pmcedures mentioned in ICARDA's 1989 Mual of screening 

Wdmiques for Disease Resistance in Faba F!ean. 

shoots/host plant 
- - - - - -7 14 

18032-2 18049-8 15-2-5 18029-2 18049-6 18029-3 15-3-5 Aguadulce 

No shoots/host plant Faba bean yield 

Figure 4 -2.5. Wormana? of seven adv- Orobanche-resistant faba 
bean lines compared to the lccal check Aquadulce in a 
naturally infested field a t  Douyet in 1989. 
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Of the 200 test entries included in this nursery, 147 were rated 3 

on IUGUA1s 1-9 scoring scale w i t h  the m i n i n g  53 entries rated 5, 

including local check plants. One l ine INRA 29H f m  France was 

rated 1. 

This is the f i r s t  t b  the s i t e  a t  Guich was used in screenirq 

for  stem nematcdes and, therefore, disease reaction w a s  generally low. 

The same site w i l l  be used in 1990/91 and a higher disease reaction 

should occur due t o  the build-up of nematode population i n  the so i l  

fran the addition of infested sterrs th i s  season. 

IXs. A. mti, S. Hanounik and L.D. Robertson and Wsrs F. Abbad and 

Z. Fatemi. 

I & s i s b m x  to virusg: ?he results are reported in the 1990 Annual 

Report of the Genetic ResMurzs Unit. O f  the 200 faba bean lines 

evaluated for  their  readion t o  bean yellow masaic virus by aphid 

i d a t i o n ,  eight BPL's (1584, 1567, 2875, 1592, 1530, 1541, 1581, and 

1597) were found resistant. 

Drs. X. Wouk and L.D. Robertson. 

4.2.3.2. Dwelopemt of disease resistant inbred l h z s  

There were 287 selections for chocolate spot, 308 for asccchyta blight, 

64 for rust, and 13 for stem m t o d e s  (Table 4.2.4). mese are n w  

being distributed through the International Legumes M x s e q  Network and 

m being maintained in insect-prmfed screenhouses for seed 

nultiplication for future we. 
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4.2.3 -3. Feanbinatim of disease resistance w i t h  local adapbtim 

This activity was shifted to Ibuyet in 1989. Several technicians were 

trained at Dcqet in crossing and 58 crosses were made with North 

African lines for disease resistance. Crossing in 1990 emphasized 

canbining Orobanche resistance and large seed, long pods, and 

canbining resistances to Orobanche and chocolate spot. 

Table 4.2.4. Sane of the m3st iqmrtant inbred so- of resistance 
for chocolate spot, Asccchyta blight, and rust. 

Disease sources1 

Chooolate spot BPL 110, 112, 261, 266, 710, 1179, 1196, 1278, 
1821, ILB 3025, 3026, 2282, 3033, 3034, 3036, 
3056, 3106, 3107, 2302, 2320, L82003, L82009 

Asccchyta blight BPL 74, 230, 365, 460, 465, 471, 472, 646, 818, 
2485, ILB 752, L83118, L83120, L83124, L83125, 
L83127, I.83129, L83136, L83142, L83149, L83151, 
L83155, L83156, L832001 

Rust BFT 7, 8, 260, 261, 263, 309, 406, 417, 427, 484, 
490, 524, 533, 539; Sel. 82 La t .  15563-1, 2, 3, 4 

Stem nematodes BPL 1, 10, 11, 12, 21, 23, 26, 27, 40, 63, 88, 183 

1. 'here are several sublines of most sources listed. 

4.2.4. kvelqmxt of ~npIwed cultivam an3 Genetic stocks for 

weataasea Systars. 

Faba bean in ms t  of the ICAFEA region is gmwn in !heat-based farming 

systens where there is adequate rainfall/supplementary irrigation. 
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Faba bean is used to a large extent as a green vegetable with the 

requirement of large seeds and long pods. Sinall seeded faba bean is 

used as forage. To be capetitive with other crops in this fanning 

system faba bean has to have high and stable yield. This necessitates 

gemtypes with resistance to Orobnche crenata, Botrvtis fabae, 

Ditvlenchus di~saci, Asccchvta fabae and Uromyces m e .  

m s i s  was therefore placed on developing such germplasm, and 

for 1989/90 most crosses involved at least one pest resistant pawlt. 

All advanced and prelimbay yield trials were corxiucted not only at 

Tel Hadya and Terbol but also at Douyet. 

4.2.4.1. Yield potmkial of -te faba bean 

For the 1989/90 season, yield trials were conducted at Tel Hadya, 

Syria and Terbol, Lebanon. All this research has now been fully 

transferred to Douyet, M o r o c m .  

The season at Douyet was m k e d  by early and large amounts of 

rain. Because of this, planting was much delayed, which caused a 

significant reduction in yields; C.V.s were very high and ranged from 

16 to 48% and trial mean seed yields ranged frum 884 to 2138 kq/ha. 

Because of the high C.V. s, no trial had significant differemxs among 

lines at the 5% pmbability level. 

The highest yield in replicated trials was 2651 kg/ha. A total of 

128 lines outyielded the best check, but none significantly (Table 

4.2.5). 
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4.2.4.2. -farm wxificaticn trials to cartrol 0-crenata by the 

of resistant faba bean lines 

!Itm On-fann verification trials were conducted in close collaboration 

with the Extension Deparhnent of Meknes, to m g e  Q. crenata by the 

use of three resistant lines (Se1.88.Lat. 18009, 18035 and 18105) in 

naturally infested farmers fields. These lines showed a very high 

level of resistance to Q. crenata and produced greater yields cm@ared 

to the lccal susceptible cultivar Aquadulce, which was almast 

mmpletely destroyed in adjacent rows. F m r s  requested these lines 

despite their d l  seed size (50-70 g/100 seeds). Verification trials 

will continue on a larger scale in 1990/91. 

Mr. Z. Fatemi, D r s .  S.B. Han0unikandL.D. Rolxxtmn. 

4.2.4.3. s q r q a i n g  pqulatia 

This year 651 single plant selections were made in segregating 

populations and progeny rows grown at Douyet, Morocco for determinate 

ard nrS plant type. These will be planted as progeny rows at Douyet, 

and at M e h e s  (for disease resistance sxeenhq) in Morocco. Forty 

three single plant selections were made for closed flower at mUyet; 

743 single plant selections were made at Meknes for disease resistance 

(chocolate spot and A s u x h y t a  blight). All nurseries were inoculated 

artificially and scored for disease reaction using ICX?LAfs 1-9 rating 

scales. 

Mr. Z. Fatemi, D r s . 5 . B .  HanounikandL.D. Robertson. 



Table 4.2.5. Results of faba bean yield trials Douyet and Jema shim 
1989-90. 

Rial No-oftest No.of Seed yield (ks/ha) 
entries linesxheck Trial Best line Check CV 

IPean mean - (%) 

Advanoed Trials 
F'BmYT-L 36 12 
FBAYT-L-1 36 6 
F'EAYT-S-1 25 18 
FBAYT-Dl 36 0 
FBAYT-Dl 36 6 

Preliminary Trials 
l?BPYT-L 25 0 
FRa'YT-L-1 36 28 
FRa'YT-S-1 36 24 
FmE'rr-E-1 49 0 

Regional Trials 
FFNARrP-L 24 D 2 
l?mARYT-L 24 J.S 9 
FFNARYT-S 24 D 6 
FENARYT-S 24 J.S 14 
FBMNIPT-L 12 D 3 
F'mWT-L 12 J.S 0 

Check was Aqadulce for all trials. 
D = w e t ,  J.S = Jema shim. 

4.2.5. Lkvel- of Albxmtive  Plant-type 

4.2.5.1. D=kmirnte ami IVS faba beangenetic dc&s 

The detennbate habit is of potential importance in faba bean 

p?xduction areas wfiich are either irrigated or are highly fertile. Its 

use will curtail excessive vegetative grawth and subsequent lodging, 

and will give a mrrespnding increase in harvest index. 

Ihe determinate mtant from N. Eslrope is poorly adapted to the 
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M e i i w  environment, and effor ts  are  being made t o  transfer the 

character into an adapted background. In  the 1988/89 season 26 

crosses were made a t  muyet w i t h  Aquadulce and other types adapted to 

North Africa. m s i s  w a s  given t o  disease resistance and seed size 

and pod length w h i c h  are important for North Africa. Work has been 

reduced on delmahates  with the shift t o  North Africa. Efforts w i l l  

be made to consolidate gains and maintain the improved genetic stocks 

derived frcrm the crossing prcgram. 

Because of independent vascular supply (nS) t o  each flower, the 

IVS lines produce mre pods in each raceme because flower shedding is 

greatly refiuced. Work was carried out using the new, earlier 

flowering IVS source based on Sudanese Triple White. A to ta l  of 410 

selections w e r e  made in 40 F2 populations a t  Dxyet i n  1989: half of 

these involved a disease-resistant parent. In the 1989/90 season 491 

selections w e r e  made for nrS i n  segregating populations a t  met and 

177 disease-resistant IVS selections were made a t  Meknes. Work w i l l  

amtinue w i t h  emphasis on large seed size and disease resistance. 

IW. Z. Fatemi and Dr. L.D. R d s e r t s o n .  

4.2.5.2. Closed fl- genetic stocks 

With t i m t l y  closed flowers, outcrossing can be as law as  5%. Until 

this season, m a t i o n s  and progenies f m  crosses with the available 

sources of closed flower character have been very late. A t  T e l  Hadya 

49  single plant selections d d  be mde for closed flmer and 

earliness in F3 and F4 progeny rows. These w e r e  used in Mo?xam in 
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1989/90 for making additional crosses to continue adaptation to the 

Wtenarsm enviromt and 47 additional single plant Sele~ti0II~ 

were made. 

m. 2. Fatemi and D r .  L.D. Robertson. 

4.2.6. North African m i d  Nurseries 

North African regional yield trials, larye and small, were distribute3 

in the 1989/90 season to M o m  and Algeria. Tbnisia and Libya will 

be added in 1990/91. Most lines in Algeria and Morocco exceeded the 

local check (Aquadulce) but there were high C.V.s for the trials 

(Tables 4.2.6 and 4.2.7). 

An Ombanche resistance nursery was also initiated in 1989/90 and 

distributed to M o m ,  Algeria and Tbnisia. In this nursery the faba 

bean lines 18009, 18035 and 18015 were tested further at three 

locations in Morocco, and one location in each of Algeria and Tunisia 

in naturally infested fields to study their resistance to different 

ppulations of Q. cremta in the region. 'Ihese lines were rated as 

resistant to the parasite across all locations, except to the reddish 

ppulation of Orobanche which occurs in the area of the testing site 

near Beja in Misia. The susceptible reaction induced on these lines 

in Tunisia further supp3rted the presence of pathqei-.ic variabilities 

in the parasiste. 'Ihese variabilities could clxur through 

hybridization. 'Ihere is an urgent need to identify new sources of 

resistance to the d i s h  population of the parasite. 

Mr. Z. Fatemi, Drs. S.B. Hanounik and L.D. Robertson. 



Table 4.2.6. Seed yield for the North African Regional Yield Trial- 
Idrye in 1989/90 at two locations in Mo- and one 
location in Algeria. 

Seed yield (kci/hal 
M o m  Algeria 

Pedigree/-ion Emyet Je~~ashim 

F'LIP 82-3OFB 
FLIP 82-45F8 
FLIP 84-107FB 
FLIP 84-128FB 
FLIP 84-147FB 
FLIP 85-89FB 
FLIP 86-35FEl 
FLIP 86-36FB 
FLIP 87-26FB 
FLIP 87-70FB 
FLIP 87-137FEl 
FLIP 87-14OF'B 
FLIP 87-147FB 
FLIP 88-1FB 
FLIP 88-2FB 
FLIP S82-113-8 
FLIP 7954 
FLIP 80S44027 
FLIP 80S80028 
FLIP 80S80135 
Reina Blanca 
w s h  LDcdL - 
Lacal Check 
C.V. (%) 



Table 4.2.7. Seed yield for the North African Regional yield Trial- 
Small 1989/90 at two locations in Morm and one location 
in Algeria. 

Seed vield C-w'hal 
Morooco Alqeria 

kdiqree/Accession w e t  Jemaa Shim 

FLIP 82-9FB 
FLIP 82-35FB 
FLIP 83-106FB 
FLIP 84-46FB 
FIJP 84-48FB 
FLCP 84-59 
FLIP 85-13FB 
FLIP 85-28FB 
FLIP 85-48FB 
FLIP 86-8OFB 
FLIP 86-85FB 
FLIP 86-86FB 
FLIP 87-77FB 
FLIP 88-3FB 
FLIP 88-4FB 
FLIP 88-6FB 
76 TA56267 
B87148 
B84149 
B87249 
B87258 
B87259 
B87263 
Laal check 
C.V. (%) 

k u  and unstable faba bean yield in North Africa is due mainly to a 

m m h r  of important diseases. The wide prevalanae and severity of 

these diseases has intrduced some significant changes in faba bean 
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cultivation in the region. Some devastating pathogens such as 

O & h x h e  crenata and Botzvtis fabae have forced farmers to give up 

gmwirtg faba bean, whereas, other seed-borne pathogens, like Asmchyta 

fabae and Ditylenchus di~saci have caused the enforcement of new 

quarantine regulations which have halted faba bean exports from 

infestxi areas. 

Research in faba b a n  pathology concentrated on finding new 

sources of resistance to the pathogens and incoprating them into high 

yielding backgrounds in a joint effort with the breeding prcgram. 

Research has also been done to understand the pathogenic variability of 

the most important pathogens and the mechanisms of resistance of the 

sources of resistance. 

4.3.1. Rela t i -  the Initial Dersity (Ii) of 9. creMta ard 

Paba bean Yield 

The potential of 0.crmat.a to cause damage to faba bean depends mainly 

on its inoculum density in the soil. In general, the initial inoculum 

density available at planting and the rate of reproduction of the 

parasite during the season determine the amount of damage at the end of 

the season. 

The effect of the initial incculum density (Ii) of Q. crenata in 

the field on faba bean yield was investigated. Different quantities of 

Orabanche seeds (based on an average count of 250 seeds of 

Orabanche/m) were mixed throuqhly with 5 soil lots from M e t  
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Station to -in a series of 3, 5, 9, 14 and 22 seeds per cc soil. 

These densities were determind by a oentrifugational extraction n&hd 

anploykg a flocculation solution of MgS04 with 1.16 g/ml of water. 

Soil with different inoailum densities was placed in 0.3 m wide x 0.3 m 

deep x 2.0 m long microplots prepared earlier in the field. 'me 

susceptible faba bean cultivar W d u l c e  and the resistant line 

Sel.88.Lat. 18009 were used in the test. A split plot design with 

initial densities in the min plot and faba bean lines in the sub-plots 

was used with five replications. 

In general, yields of the resistant line 18009 were significantly 

greater than those of the susceptible cvltivar Aquadulce at all 

Orobanche densities (Fig. 4.3.1) . There were no significant decreases 
in yield of the susceptible dtivar Aquadulce as Ii was increased from 

3 to 5 seeds per cc soil. The yield, hmver, decreased significantly 

as Ii was increased f m  5-22 seeds per cc soil. With the resistant 

line 18009, there was no significant decrease in yield as Ii was 

increased frmn 3 to 22 seeds/cc soil. With every successive increase 

in Ii, there was a significant increase in the nw$er of Orobanche 

shoots per host plant in the susceptible cultivar whenss in the 

resistant line 18009, no such increase was ohemed (Fig. 4.3.2). 

These results dennnstmted the stability of yield of the resistant line 

18009 campared to Aqadulce wer the range of 3-22 Ombx&e seeds per 

cc soil. Under the conditions of this study, the tolerance limit of 

Aquadulce w a s  at 5 (Xobanche seeds per cc soil (Fig. 4.3.1). 



RLe significant increase in the nunker of Ombanche shcots/lrst 

plant in m c e  with increasing Ii was associated with a 

significant demeaie in the weight of single brognrapes (Fig. 4.3.3) . 
'Ibis was a m t l y  due to a strong intra-specific amptition for 

assimilates and severe kcst damage as sham by the significant 

decrease in yield of the susceptible cultivar Aquadulce beyond it. 

tolerance limit (Fig. 4.3.1) . 

Yield (KglHa) 
1400 l 

Figure 4.3.1. Relations between initial density (Ii) of Orobanche 
crenata (seeds per cc soil) and yield of the susoeptible 
(S) faba bean cultivar Aquadulce and the resistant (R) 
lines Sel.88Lat. 18009 in the field. Means with 
different letters are significantly different at 1% 
level (cv for Ii = 9.8%: cv for cultivars = 7.3%). 



Single shoot weight Shoots/host plant 

F igure  4.3.2.  R e l a t i o n s  between i n i t i a l  d e n s i t y  ( I i )  of Orobanche c r e n a t a  
( s eeds  p e r  c c  s o i l )  and number of Orobanche s h o o t s  pe r  h o s t  
p l a n t  on t h e  s u s c e p t i b l e  f aba  bean c u l t i v a r  Aquadulce and t h e  
r e s i s t a n t  l i n e  Se1.88. Lat.18009 i n  t h e  f i e l d .  Bars  w i t h  
d i f f e r e n t  l e t t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  
on t h e  r e s i s t a n t  l i n e  and a t  t h e  1% l e v e l  on t h e  s u s c e p t i b l e  
c u l t i v a r  Aquadulce (cv  f o r  I i  = 10.9%; cv f o r  c u l t i v a r s - 1 1 % ) .  

Res~s tan t  Susceptible 

F igure  4.3.3. E f f e c t  o f  t h e  i n i t i a l  d e n s i t y  ( T i )  of Orobanche c r e n a t a  ( s e e d s /  
c c  s o i l )  on t h e  number of Orobanche shoo t s  p e r  h o s t  p l a n t  and t h e  
weight  of s i n g l e  Orobanche shoo t s  ( g )  suppor ted  by t h e s u s c e p t i b l e  
faba  bean c u l t i v a r  " ~ q u a d u l c e "  i n  t h e  f i e l d .  Bars  w i th  d i f f e r e n t  
l e t t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  1% l e v e l  ( cv  f o r  number of 
Orobanche s h o o t s  p e r  h o s t  p l a n t s  = 10.9%; cv f o r  weight  of  s i n g l e  
Orobanche s h o o t s  = 39.9%) .  
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Additional work is needed under different ecolcqical conditions to 

develop mathematical models regarding these quantitative relationships. 

This informtion is Wrtant for planning control programs and also 

for predicting yield losses. If li before planting is lower than the 

tolerance limit of Aquadulce, a~preciable damage should not occur and 

chemical treatment would not be necessary. 

Mr. 2. Fatemi and Dr. S. Hanounik. 

4.3.2. pathogenic variability amnq different RpJlations of 

ombancfre m Faba bean in North Africa 

T h e  resistant faba bean lines Se1.88.Lat. 18009, 18035 and 18105 were 

tested finther at three locations in Morcom and one location in each 

of Algeria and Tunisia in mturally infested fields to study their 

resistance to different populations of Orobanche in the region. These 

lines were rated as resistant to the parasite across all locations, 

except to the reddish population which occurs in the area of the 

testing site near Beja in 'Jhnisia (Table 4 -3.1) . ?he susoeptible 

reaction induoed on these lines in Tunisia demonstrated the presence of 

pathog~ic variabilities in the parasite. 'Ihere is an urgent need to 

determine if the reddish population in Tunisia is a new species or a 

new virulent pathotype. S c r e e n i n g  of ICUUl4's germplasm will continue 

in 1990/91 in collaboration with the natioml program in llmisia to 

identify sources of resistance to this new population of Orobanche in 

the Beja area. 

~essrs H. Halila, M. ~harrat, Z .  Fatemi and Dr. S. Hanounik. 



'Rble 4.3.1. Reaction of certain faba bean lines to different 
mations of brcanrape in Syria ard North Africa. 

M . 8 8  WF ~eactiord 
lattakia Cordoba -a M o m  Alqeria Tunisia 

87 88 89 89 89 

1) R = resistant: no Orchrche shoots or very small shoots with very 
little seed formation, less than 0.5 shoots per plant, and S = 
susceptible; shoots very cormnon, more than four per plant, 
shoots large with normal seed formation, yield of host reduced 
greatly or lost completely. 

4.3.3. Races of Botrvtis fabae and Ascocfnrta fabae in the 

Hdihmaman Bgim 

A total of four races have been reported f m  Syria in each of B. fabae 

ard A. fabae. Because of different cultural practices, clhtic 

conditions and faba bean cultivars grown, the structure of the 

poplation of _B. fabae ard _A. fabae ard their race camplexes may very 

froan one gecgraphical region to another. These variations need to be 

monitored and doannented in each prcduction region to plan effective 

breeding strategies. 

Inbred lines with lowwn differential disease reaction to races of 

B. fabe and _A. fabae have been tested since 1986 through the faba bean - - 

international chocolate spot ard Asccchyta blight nurseries, 

respectively. These evaluations were made with the help of ICARaA's 



mllaborato~s in Morccco,  Algeria, Tunisia, Egypt, Syria, Italy, 

France, and other countries. Based on the reaction of these 

differentials (Table 4.3.2), the following mnclusions were made: 

BotnRis fabae: Race 4 is prwalent in Egypt, Races 2 a d  3 in Mo- 

and Races 1 and 4 in M o m ,  Tunisia, w, Syria, and Italy. Line 

EPL 710 has been rated as resistant at all locations and, themfore, 

its resistance is still effective against all of these races. 

A s a c h v t a  fabae: Races 3 and 4 are prevalent in Italy and Franoe, and 

Races 2 and 4 in Tunisia, Syria and Italy. Line 471 has always been 

rated as resistant and therefore, its recent susceptible reaction in 

Italy suggests new virulence. 

Messrs H. Halila, M. Kharrat and Dr. S.B. Hanounik. 

Table 4.3.2. Reaction of differential faba bean lines to BotnRis fabae 
and Asccchvta fabae in the Meditermnem region. 

Line Susceptible Disease readion-l 
to Mr. Alg. Tun Egt. Syr. Itly. l%m. 

B. fabae -- 

BPL 1763 Race 4 t5 NT W S  R N T  NT 
BPL1821 Races2,3 S R R R R N T  R 

IIB 1814 Races 1,4 S R S S S S R 
BPL 710 None R R  R R R R  R 
-40 Races 1,2,3,4 S S S S S S S 

A. fabae 

BPL 818 Races 3,4 R W R N T R S  S 
IIE 1814 Races 2,4 R R  S N T S S  R 
BPL 471 None R R  R W R S  R 
Giza-4 Races 1,2,3,4 S R R W S W  R 

= Disease reactions were recorded on ICARDA's 1-9 rating scale. 
NT = Not tested. 
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4.3.4. V i N S e s  

A new virus affectirg faba bean was identified. It is a small 

ismetric virus, 18-19 nm in diameter, has a s s m  gemme, is 

persistently transmitted by aphids and affects minly members of 

1-e. T h e  virus was provisio~lly Mmed faba bean necrotic 

yellm virus. 

Dr. Kbdled WiMouIc. 

4.4. EAEi Bean Entnmlogy 

4.4.1. Ccntrol of Brucfns &nt&s 

Different insecticides here tested in farmers' fields for their 

effediveness to control _B. denti-, the dcaninant storage pest of faba 

bean (Fig. 4.4.1). As a single application of any insecticide did not 

S.E. 25.4 S.E.10.9 
-- 

Check 

Anthio 

Thiodan 

Fastac 

1 
Metyphon i I 

-T-T - -  . ~ 

I 

120 100 80 60  40 20 0 10 20 30 40 50 60 70 
Larvae/100 seed % ~ o d  infestation 

Figure 4.4.1. Effect of two  applications of different insecticides on 
larval infestation of Bruchus denti- in faha bean at 
fannersf fields, A l w ,  1989/90. 
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give adequate control last season, two applications (a t  early 

podsetting am3 10 days la ter)  w e r e  used this year. The application of 

Metyphon (Methyl Farathion) EC50, 1 m/l, was most effective arrl 

significantly redmxl the seed infestation by bruchid larvae (Fig. 

4.4.1) . Fastac and ?hi& 35, 4 m/ l ,  decreased the infestation less 

effectively, whereas Anthio did not show any effect and infestation was 

as high as in the check. The high infestation of 50 percent in the 

check indicates that  control methods for this insect pest are required. 

D r s .  0. Tahhan, S .  Weigand and M. El-- (ARC, Syria). 



The pea inpzwement work at ICAFUA was initiated in 1986/87 when the 

Center received a special grant from ?he Federal Republic of G e m y  

(BMZ). Since extensive research is being done on the improvement of 

pas at a n&r of institutions in the developing and developed 

camtries we are capitalising on this research, instead of Nnning our 

own breeding p-, to identify dry pea cultivars adapted to the 

farming systems of KANA. ~ u r  work is concentrated in the follcwing 

areas: 

I. Collecting enhanced gemplasm/cultivars from the institutes 

working on dry peas in developed and developing countries and 

testing them at I C '  to identify superior lines for evaluation 

by the national programs in W. 

11. Eweloping suitable production technology and its transfer to the 

national programs for testing and adaptation. 

111. Testing the value of dry pea straw as animal feed in collaboration 

with PIZP. 

5.1. taxitplasm collecticm ard Evaluaticm 

The qermplam accessions including inproved genetic stocks obtained 

fmm various institutions were evaluated at Tel Hadya in an augmented 

block design. Three hundred and forty eight accessions (hereafter 

referred as Acc No.) along with 3 repeated checks (Acc No. 223, - 224 

and - 225) were sown on 14 November, 1989. The data were recorded on 
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the phenology arid morphological characters. The days taken to f i r s t  

f lu ie r  ranged from 112 for Acc No. 221 to 157 days for  Acc No. 202; 

days fnm swing to maturity ranged f m  141 for  Acc No. 285 to 175 

days fo r  Acc No. 333; plant he imt  ranged from 11 an for  Acc No. 228 

to 64 cm for  Acc No. -187; arid seed yield from 0 to 1946 kg@. 

Fifty highest yielding entries are given i n  Table 5.1.1. 

5.2. m iminary  Yield rrial 

Forty-eight superior entries selected f m  the germplasm as w e l l  as the 

Preliminary Yield Trial (FYT) of 1988/89, were tested during the 

1989/90 season in FYT a t  two locations, Tel Hadya and -1. Seed 

yield, time taken t o  50% flowering, and cold damage are p-ted in 

Table 5.2.1. Seed yield varied from 0 t o  866 kg- a t  Tel Hadya and 

from 459 to 2964 kg/ha a t  T e r b l .  'I% top five higTest yielding 

entries,  based on the  mean over locations, included Acc Nos .  8, -21,- 

125, -217, a d  -222. Some of the semi-leafless types namely, Acc Nos. 

30, -215, and -275 w e r e  m n g  the high yielding lines. 7Xis was the 

f i r s t  year when the lines suffered due to cold. The cold damge, 

reamred in terms of percent kil led plants, was highest in Acc No. 229 

(34.8 % kill ing) and was followed by ACC No. 272 (14.6 % ki l l ing) ,  Acc 

NO, 25 (10.3 % ki l l ing) ,  ACC NO. 154 (7.5 % killing) and ACC No. 281 

(6.0 % kill ing).  All other entries shmed less than 5% kill. ?he best 

entries from t h i s  trial were promoted to Feas International Adaptation 

Trial (PIAT) for  1990/91. 



Table 5.1.1. Seed yield, days to flowering, mld dan'age and leaf type 
of 50 hiqhest yielding lines in pea germplasm evaluated 
durirq 1989/90 at Tel Hadya. 

Acc No. Seed yield mys to Cold Ieaf type1 
(kg@) flowering damage* 

8 1206 123 0.0 C 
182 1131 126 0.0 C 
98 993 134 0.0 C 
320 931 117 0.0 C 
315 899 118 0.0 C 
2 889 116 0.0 C 
22 889 117 0.0 C 
321 875 119 0.0 C 
301 840 120 1.1 C 
217 840 113 0.0 C 
247 835 117 0.0 C 
167 758 118 0.0 C 
117 724 118 0.0 C 
319 711 118 0.0 C 
316 687 116 0.0 C 
240 687 118 0.0 C 
24 661 121 0.0 SL 
77 646 129 0.0 C 
220 626 119 0.0 C 
331 612 123 2.0 C 
67 607 123 0.0 C 
216 604 120 0.0 C 
317 589 115 0.0 C 
254 583 120 0.0 C 
196 571 120 0.0 SL 
153 569 121 0.0 C 
6 569 119 0.0 SL 

152 562 123 0.0 C 
106 557 118 1.0 C 
291 557 119 0.0 C 
155 556 121 0.0 C 
7 54 2 122 0.0 C 
28 535 12 0 0.0 C 
249 532 119 0.0 SL 
284 521 117 0.0 C 
70 521 12 1 0.0 C 
251 521 12 1 0.0 C 
255 515 119 3.0 C 
109 511 124 6.2 C 
1 510 127 12.3 C 
42 507 120 5.1 C 
178 507 120 0.0 C 
256 500 121 0.0 C 
107 500 119 0.0 C 
252 500 120 0.0 C 
129 494 152 0.0 C 
55 493 122 12.8 C 
172 486 119 0.0 C 
273 486 118 0.0 C 
53 482 114 0.0 C 

* % Killed plants I C = conventional, SL = semi-leafless 



Table 5.2.1. Seed yield, days to flowering, leaf type and cold damage 
of same of the high yielding entries in  Pre l imhay  Yield 
!I'rial . 

Seed vield (kcr/ha) rays t~ m f  Cold 
Acc No. TelHadya Terhol Mean flowering type damage* 

Mean 534.4 
S.E. 60.0 
C.V. (%) 19.4 
L.S.D. (Pi0.05) 168.5 
Efficiency 115.52 

SL = Semi-leafless, C = Conventional, * = % Killed plants. 



Table  5.3.1. Seed y i e l d ,  days to f l m e r i r q  and c o l d  damage o f  e n t r i e s  
in Pea I n t e r n a t i o n a l  Yield T r i a l  dur ing 1989/90. 

Seed y i e l d  (kq/ha) Days t o  Cold 
Acc No. Tel  Hadya Jind-s Terbol Mean f l a v e r i n g  damage* 

Mean 332.33 821.77 1362.70 
S.E. 89.08 152.56 181.00 
C.V. (%) 46.43 32.16 23.01 
L.S.D. (R0 .05)  253.57 434.28 515.21 

* = Percent  killing a t  Tel  Hadya. 

5.3. Wa Intexnatioxd Adaptation Trial (PIAT) 

Twenty three entries selected from PYT and PIAT conducted during 

1988/89 were  tested a t  Te l  Hadya, Jinderess an3 Te*l (Table 5.3.1).  

Several  test entries y ie lded  s i g n i f i c a n t l y  h igher  than the check. The 

five best y i e l d i n g  entries a t  Te l  Hadya were A c c .  Nos. 21, -22, -167, - 
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216 and -217; at Jinleress Acc Nos. 8, -21, -72, -267 and -278; and at 

lkrbol Aoz NOS. 8, -21, -216, -217 and -221. Aocession No. 21 pmved 

most productive at all the locations. Accession numbers 217 and -278 

were earliest to flower (Table 5.3.1). At Tel Hadya, some of the lines 

shawed high cold damage: Acc No. 38 (30.35 % killing), -223 (25.64 % 

killing), -70 (17.26 % killing), -75 (10.96 % killing), and -290 (9.70 

% killing). Accession rnrmbers 216 and -167 were wmpletely free of 

any cold damage. 

5.4. F E z 5 ~ 2  of Rea ailtivars of different Ieaf Mor@mlogy to varying 

Plant m a t i o n  and Moisture Supply 

Respnse of four dry pea lines of different leaf morphology to three 

p3pulation levels was studied under rainfed (233.4 nun seasoral 

moisture supply) and supplementary irrigated (379.m seasonal moisture 

supply) conditions at Tel Hadya. Moisture supply was in the main-plots 

and the combination of genotypes and plant population in subplots. 

?he genotypes included a semi-leafless type (Acc. No. ll), a 

conventional leaf type (Acc. No. lo), a mall leaflets type 

('Prcgretta1) and a leaf-less type ('Filby1). Papulation levels were 

36,50, and 80 plants/m2, obtained by varying the inter-row distance 

which was 27.5, 20.0 and 12.5 cm, rrspedively. 

!Ihe yield was significantly increased by improved moisture supply 

(Table 5.4.1) . Variations in plant population caused no significant 

differences in yield in any of the genotypes under rainfed conditions, 

whereas with supplementary irrigation yield increased significantly for 
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the leafless type (Filby) as population was raised from 36 to 50 

plants/m2. Because of these differential r e spnses ,  the interadion 

between genotype and ppulation, averaged wer the two moisture supply 

regimes, was significant. Results suggest that it would be better to 

use higher population of 80 plants/m2 for the leafless type both under 

rainfed and irrigated conditions, whereas for the rest of the genotypes 

a population of 36 plants/m2 will be sufficient. 

DIs. R.S. Malhotra, S. Silim and M.C. S a x e m .  

Table 5.4.1. Seed yield (kg/ha) response of peas of varying leaf 
morphology to plant population at two moisture regimes, at 
Tel Hadya, 1989/90. 

~~ulation/d 
Moisture (M) 80 (PI) 50 (P2) 36 (P3) Mean 
and G~M,Q& (G) (12.5&) (20.0&) (27.5&) 

Rainfed 
Acc NO. 11 205 208 243 218.7 
Acc No. 10 3 59 370 250 326.3 
Prcqretta 200 234 197 210.3 
Filby 338 343 2 66 315.7 
Mean 275.5 288.8 239.0 267.8 
Irriqated 
Acc NO. 11 
Acc NO. 10 
W t t a  
Filby 
Mean 

Mean 
Acc No. 11 
ZLcc NO. 10 807 
Pnqretta 559 
Filby 776 
Mean 682.0 
L.S.D. (at P = 0.05) : 
- Moisture regime means 
-Forcwoparirq2GxPmeans 
- For comparing 2 G x P means at 
same level of M 



orobanche spp. are root parasit ic weeds which attack various 1qm-e 

plants and represent a major threat t o  the production of some of these 

crops in the Mediterranean region. Faba bean, l en t i l ,  chickpea, dry 

pea and forage legumes are affected by the parasite. The research on 

this parasite is carried out in collaboration w i t h  the University of 

Hohenheim, F.R. of Germany, w i t h  a grant from CrZ. This f i f t h  year of 

the Project was characterized by another dry season w i t h  a rather low 

a g e  from Ombanche. There was a research thrust  sh i f t  w i t h  more 

emphasis on an integrated control m q e m e n t  within the project (Fig. 

6.1.1). 

Various single methods of control have been under study in this 

project and some basic research has also been carried out (Table 

6.1.1) . Control methods are king tested singly for  the i r  sui tabi l i ty  

for integrated control and several combinations tested so fa r  have 

proved effective and economic. 

6.1. m c d l  Q m t r ~ l  

6.1.1. lWxt bean 

Various herbicide treatments were tested including imzaquin (SCEFQDl), 

imazapyr (ASSAULT, ARSENAL), imazethapyr (FURSUIT, PIVOT) and 

qlyphosate (ROUNIXTP) in  pre- a d  post-emqence applications (Table 

6.1.2). Several treatments were free of Orobanche, while 24.9 

Orobanche s h o ~ t s / m ~  were present i n  the untreated plots. Seed yield 
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F i g u r e  6 .1 .1 .  Changes i n  t h e  program of  t h e  Orobanche work a t  ICARDA 
d u r i n g  t h e  l a s t  7 y e a r s ,  (% e m p h a s i s ) .  



was obtained only in a few treatmnts due to severe frost damage. 

Results of shoot dry weight only are, therefore, p-ted in 

Table 6.1.2. 

Table 6.1.1. Single Orohnche control techniques as preventive and/or 
curative measures. 

Delayed sowing* 
Host plant resistance* 
Herbicides* 
Soil disinfestation* 
Change in crop rotation* 
Trap crops, catch crops* 
Nitrogen fertilization* 
Manual control* 
W P  
Biolqical cnntrol* 
rn - conIpunds 
Fl&ing 
Avoid growing susceptible 

Crop and system depndent 
Intensive research needed 
Medium technical input 
Hiqh technical input and costs 
System dependent 
System dependent 
Not suitable for legumes 
To reduce increase in seed bank 
System dependent 
By erxmuraging natural control agents 
Still exprhental 
SyStelIl dependent 

crops If land unlimited 

* Under study in the Orobanche project. 

With imazapyr (25 g a.i./ha, pre-emqence) crop phytotoxicity was 

okserved which reduced plant vigour. ?his, however, increased frost 

hardiness and same seed yield was obtained. Fhytotoxicity (scored on 

March 11) from herbicide treatments and frost damage (scored on March 

17) on the crop were highly negatively correlated (-0.72). Frost 

damage and low Orobanche infestation reduced the correlation between 

Orohwhe s h o o t s / m 2  and crop yield to almost zero. 

In order to investigate the efficacy of herbicides having a 

similar mode of action like imazaquin, fosamine (Krenite), a growth 



regulating product of the sulfonylureas, was tested p o s t ~ e n c e  a t  4 

rates i n  an unreplicated t r i a l .  T h e  rate of 2 x 120 g a.i./ha resulted 

i n  a cnp l e t e  control of Orobanche (Table 6.1.3). 

- --QrpRryto- = 
No. & ay w -city- 

Herbid& Rate &of ~ . / r r Z  dm wi+t 
(g a.i.,b) q l i c a t im  OW=) (W) (1-9)* (1-5)* 

20 

GI*, 80 
+Ilmzqlm 20 

G l m  80 - 30 - 20 
w 25 - 75 
+GI- 60 
Irrazethapyr 75 - 100 
InE=%Yr 15 
Irrazethapyr 50 
arrtrol (ID herbkick) 

L.S.D. (M.05) 8.5 71.3 0.56 0.38 0.91 

Visua l  m t i m  m e 3  that pxi ~~ in  the untreated 

plot WLS Icw ard s & & m t b U y  i m ~  pis dwelcpd in the t r e a m  

w i t h  f c s a n k  2 x 120 g a.i./b. T k c e  is a I . l a a l t o b v e ~ r ~ r e  6 s  

mthispmnkiqherbici&intbefirhne. 



Table 6.1.3. Effect of post-enaqence application fosamine herbicide 
(Krenite) on Orobnche in faba bean. 

No. Treatment g a.i./ha 0 m c h e  shoots/m2 

6.1.2. Ientil 

Lentil has shown high susceptibility to herbicides in our earlier 

studies. Therefore, only the relatively safer herbicides h z a q u i n  (2 

x 7.5 g a.i./ha, post-rgence) and imazethapyr (1 x 60 g a.i./ha, 

pre-emeq-) were tested. h e  to drought, the emryenu= of Orohnche 

was 1 w  and x~oe emerged shoots were fwnd only in the untreated plots. 

No phytotoxicity from the treatments was noticed. Also no significant 

differences between treatments d d  be found with regard to straw or 

seed yield of lentil, although there was a tendency for the straw 

yields to be higher in the plots treated with the herbicides. 

6.1.3. chickpa 

Chickpa is also very susceptible to herbicides. Glyphosate had shown 

sgne efficacy earlier and was tested again at a low rate as was 

imazethapyr. The latter was applied pre-emergence. The study was done 

using ILC 482 and ILC 3279 chickpa culti-. 



Table 6.1.4. Effect of herbicides on Orol?an€he and crop yield in 
chic-. 

Treatment Orohmche shoot Yield of chic- 
NO. & 

Herbicide Rate time of NO./& weight Seed Straw 
(q a. i./ha) application (kg/ha) (kg/ha) (kg@) 

L.S.D. (P=0.05) 0.22 1.57 129 0 . 3 3  

Imazethapyr treatment caused phytotoxicity and reduced yield 

(Table 6.1.4). W i t h  the low amount of Orobanche infestation the 

treatment e f f e d s  were not too meaningN but the results  indicated 

that glyphosate had some prmnise. ILC 3279 tolerated herbicides better 

than ILC 482. 

6.1.4. Dry !&a 

Four herbicide treatments were tested (Table 6.1.5) . Both 

imidazolinones gave better cnntrol of Orobanche and hiqher crop yield 

than qlyphosate. me best treatment was imazethapyr 1x60 q a.i./ha 

pre-emergence. There was no crop phytotoxicity, but due t o  heavy frost  

damage treatment effects were la? and crop seed yield almost zero. In  

the pre-enerqence treatment with imazethapyr the lowest frost  damage 

was noticed, indicating that  the plants were probably suffering 

sliqhtly from the herbicide and were  therefore not a s  vigorous a s  the 

others. The treatment of 2x20 q a. i./ha of h z a q u i n  which was best 
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last season was tested only in the intqrated control expximent and 

pruved again e f f e i v e  (see Table 6.8.3). 

Table 6.1.5. Effect of various herbicides on Orobanche control and crop 
yield in pea. 

W e a h a t  -shoot Fed 
Herbicide No. & Dry s t r a w  Frost 

Rate time of weight yield damge 
(ga.i . /ha) application ~o./m;! (kg/ha) (t/ha) (1-5)* 

Control 3.8 23 1.03 2.75 
Glph06at.e 60 2 (FO)** 4.9 20 0.84 2.39 
Irnazethapyr 20 2 (m) 0 0 1 .12  2.13 
Iimzaquin 20 2 (m) 0.2 1 - - 
Imazaquin 30 2 (m) o o 1.26 2.38 
Imazethapyr 60 1 (m) 0.1 1 1.56 1.75 

L.S.D. (P-0.05) 3.4 20 0.30 0.82 

* 1 = no damage, 5 = to ta l  damage (scored on 22 March) 
** PO = p o s t m e n c e ,  PR = p?x-emqew2e 

New herbicides tested for Orobanche control i n  dry pea included 

chlorsulfumn (Glean) an3 imazapyr (Arsenal), which were used as  pre- 

q- herbicides. The rates used with chlorsulfuron w e r e  prhaff 

too high, as there was severe crop damage; hixiever, n o . O r o ~ e  shoots 

could be found in these treatments. LrJwer rates should be testad in 

future. limzapyr proved safe for the crop, and no Orobanche shoats 

q e d  in this treatment although some undeq?mund attachmnts were 

found on the mts (Table 6.1.6). 

tn-s. K.-H. Linke and M.C. Saxena. 



Table 6.1 .6 .  Effect of two new p-ence herbicides on Orobanche dry 
infestation in dry pea. 

!l'reatnk=nt Orobanche RelMrks 
Herbicide Rate shoots/m2 

g a.i./ha 

oosltrol 1.50 92 underqmmd attamts/mL 
Chlorsulfuron 5 0.00 Phytntoxicity on crop, partial 

r-ery 
0.00 Severe phytotoxicity on crop, - - - .  

no recovery 
IIMzapyr 25 0.00 No crop damage 28 underground 

attamts/d 

A field experiment conducted over two years, wmplemnted by laboratory 

studies, to investigate interspecific a d  intraspecific differences in 

susceptibility to Orobanche was ocanpleted. Five accessions of six 

different forage legume species were evaluated. Him interspecific 

variation axmred, with all tested Lathvn~~ ochrus accessions being 

free of any emerged Orobanche shoot, bile _L. sativus and _L. 

were highly susceptible to the parasite producing 44.8 and 40.5 

Omhxhe shmts/m2 (mean of two years). A high intraspecific 

variation was okemed in -a mrbnensis. Accession "67" had 8.2 

times more Orobamhe shoots than the other accessions of this species. 

Also _V. &M accession "1416" was considerably more susceptible than 

the other accessions of this species (Figure 6.2.1). The less 

susceptible species/accessions can be of value in an integrated 

orobanche mm-01 prcgram. 
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6.2.2. Faba bean 

Selections were made during the last 3 years from the Orokmnche 

tolerant cultivar "Giza 402" originating fram and a total of 63 

entries were grown during 1988/89 at a coastal Site in Syria to avoid 

frost a g e .  Eight lines with very low infestation were selected and 

are now being used at Douyet, Norcam. hhxgr-eq with this material 

had been reported in the section on faba bean improvement. 

6.2.3. Lerrtil 

'Ihe progress made is reported in lentil ixprovement section. 

No. of Orobanche shoots/m2 
I 

V. n a r b  V. satbva V. dasycarpa L. safivus L. cicera 1. ochrus 

Figure 6.2.1. Variation in the susceptibility to Orobanche attack in 6 
forage legume species each with 5 accessions (mean of two 
seasons). 
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6.2.4. Chi* 

Reaction of chi- lines t o  various O m b a n c h e  seed densities i n  the 

so i l  w a s  studied two times in  the greenhouse. me experiment included 

4 chickpea lines, 8 Orobanche seed densities and 6 replications p r  

treatnwt. ?he optimal Orobanche seed density for screening chi- 

w a s  33 to 100 seeds/kg soi l .  W i t h  333 seeds/kg so i l  no crop seed yield 

w a s  obtained and the dry weight of O r o b n c h e  w a s  m i n n n n  (Table 6.2.1) . 
'Ihese results w i l l  be a sound basis for further intensified screening. 

Differences in  the susceptibility of the 4 test entries w e r e  lcw, but 

ILC 5193 had the lowest n m k r  of Ombanche shcots/plot. 

Table 6.2.1. Effect of various Orobanche seed densities on the 
Orobanche infestation in chickpa (mean over 4 entries) in 
the greenhouse. 

Urderqround 
Oro33anche Orobanche  shoots 0-e Dry weight of 
-/kg soil ememed/wt a t t achen ts /wt  chickma (q/mtL 

I* I1 I I1 I I1 

0 0.00 0.00 0.00 0.00 2.98 2.22 
3 0.00 0.20 0.15 0.29 4.02 2.51 
10 0.25 0.45 0.55 0.83 2.48 2.54 
33 1.16 0.75 3.10 1.08 3.57 2.49 
100 1.83 3.29 6.95 11.00 2.18 1.99 
333 3.37 4.00 7.85 13.79 1.74 1.68 
1000 1.91 2.87 4.90 19.95 1.40 1.35 
3333 2.08 2.37 3.65 20.04 1.31 1.22 

L.S.D. (Et0.05) 0.84 0.92 2.43 3.61 0.32 0.25 

*I = 1st screening, I1 = 2nd screening. 

6.2.5. Dry &a 

Srreening was carried out in  the greenhouse u s k g  the plybag 

technique (49 entries) and in  a f ield v r i m e n t  (24 entries). The 
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gmmhcme wpximent was a repeat of an earlier study and it confirmed 

the variability in the susceptibility of pea genotypes to Ombanche, 

but same variation in the reaction was observed between the two 

screenings. The 10 entries showing extremes in the reaction are listed 

belm (Table 6.2.2) . mere was a god oorrespmdence between the field 

and the greenhouse obsemation for accession Nos. 290 ard 291 while 

accession 21 exhibited considerably more resistance in the greenhouse 

than in the field. 

W l e  6.2.2. Reaction of scane dry pea accessions to Ombarhe in 
greenhouse and field. 

Screening in Accession No. Orobanche attachments 

Greenhouse 
290 
21 
271 
65 
291 
227 
216 
2 67 
4 

L.S.D. (P=O.O5) 
Field 

38 
Lacal check 

291 
167 
22 
290 
21 
267 
75 
8 

L.S.D. (P=0.05) 
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The visual evaluation of accessions in a pea expriment conduded 

for ag-roncwic studies revealed 34 accessions having low Orotm-che 

infestation: Accession Nos. 10, 20, 77, 86, 87, 110, 126, 144, 164, 

183, 189, 190, 191, 198, 200, 201, 202, 208, 228, 289, 299, 304, 307, 

313, 314, 315, 317, 320, 321, 329, 330, 333, 350, 351. 

Drs. Ali AM El Moneim, W. Esskine, K.B. S k g h ,  K.-H. Linke and M.C. 

SaXeM. 

6.3. Soil Solarization 

T h e  persistance of the effect of solarization was studied in an 

experiment in which solarization was done in July 1987 and the plots of 

which were not cultivated sirice then. Lentil was sown in December 1989 

and seed and straw yield was evaluated in sprirq 1990, i.e. 3.5 years 

after solarizing the soil. No Orobanche energed due to dry weather 

conditions. There were scene differenes in seed and straw yield of the 

crop in the different solarization treatmnts, with highest yields in 

the 50 day solarization treatment and lmest in the untreated control 

('Ibble 6.3.1); differences hmever were significant at the 5% level of 

probability. Weed cover was significantly less in the 50 days 

treatrrwt than the control.  

Drs. K.-H. Linke and M.C. Saxem. 



Table 6.3.1. Residual effect of solarization (3.5 years after 
solarization) on lentil yield. 

Treainmlt 
in 1987 

clnltrol 
20 day solarization 
30 day solarization 
40 day solarization 
50 day solarization 

S.E.M. 
LSD (H.05) 

Lentil straw 
(ks/ha) 

Lentil seed Weed mer 
(kg/ha) (%) 

1025 
1255 
1342 
1329 
1386 

100 
N.S. 

103 
194 
159 
234 
278 

57 
N.S. 

6.4. Biological clmtz-01 

6.4.1. InseA: Phvtmvza orobnchia, an agromyzid fly, is the only 

insed which appears to have a potential for biological control of 

Orobnche. Orolmnche shoots naturally infested by _P. orobdnchia were 

collected at the end of last season in order to study the survival of 

pupae in the off-season. The pupae left in the field (inside the 

Ombarche shoots) had a high survival rate (Table 6.4.1) . Storing the 

Orobanche stalks in the cold room (+ 5%) for the whole s m r  perid 

damged the pupae. The mimum surmner tempmture was 40°C in the 

field. Since the number of pupae tested was lm, it will be worthwhile 

to repeat this study. 



Table 6.4.1. SurJival of Phytwza ombanchia under different storage 
conditions. 

Storage treatment (9 mmths) No. of pupae No. of adults 
-ins 

Field 
13 6 

Cold mOm (+5 %) 1 4  0 

Another experiment studied the effectivity of P. orol?anchia in 

reducing the Orobanche infestation in the field. Plots were covered 

with insect-prwf cages and half of the to ta l  number of cages were 

treated with insecticide (every 5 days) while i n  the other cages 200 g 

of insect infested Orobanche shoots from the previous season were added 

i n  order t o  increase the insect population. No difference w a s  observed 

fo r  the number of Ombanche s h o o t s / m 2  because of low population of the 

insect due t o  the dry weather (Table 6.4.2) . 

Table 6.4.2. Effect of Phvtomvza ord3anchia on Orohanche and crop yield 
i n  lent i l .  

Treatments Orobanche Orobanche shoots Lentil Lentil 
shoots/tn2 with dauage (%) s t r a w  g/m2 seed g/m2 

Infested Orobanche 
shoots added 
(no insecticide) 8.2 56.7 

No O r o h r c h e  shoots 
added, and crop sprayed 
with insecticide 8.2 48.2 
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6.4.2. Fur@: Ulccladiun 

' Ihis m a 1  pathogen was found promising for the control of Orohmhe 

in the previous season, provided the eminnmental wnditions (rel. 

humidity 50 to 80%, tmpmture ca 20°c) were suitable. Suspensions 

with 200,000 spores/ml were applied on v i n g  Orohnche shmts in 

faha bean, 0, 1, 2, 3, or 4 times. First spraying was on 4 April. 

Flrom that time the rel. humidity of the air decreased and the day 

tenperat- exceeded 30°C. Hence there was no effect of the 

txeamts on the O m b n c h e  or yield. 

Ixs. S.  Weigand, K.-H. Linke and M.C. Saxena. 

6.5. Crop Rotaticm 

Ten different crops were planted in 1987/88 and rotated with lentil in 

1988/89 on the same plots. A s d  similar -imznt was started in 

1989/90 with 14 different crops, also in rotation with lentil. These 

are to investigate chaxqes in the Orobanche seed bank in soil. A total 

of 160 soil samples (each f m  10 subsamples) were evaluated before 

sawing and the same numker again after harvest. The average decay of 

orobanche seeds was 11.8%, with the highest decay of 42.6 % in plots 

planted with Phaseolus beans. 

Faba bean prcduced the highest number of shoots and seeds of 

Orchnche per unit area (Table 6.5.1) . to more humid years 

seed production of Orobanche was low in this season. Underqround 

attachtents of Orabanche were higher in narkon vetch and lentil, and 

1- in chickpa, wmly-pod vetch and clrmin than in faba bean. 'Ihe 
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production of Orobanche shoots in chickpa, wooly pod vetch and armin 

was zero. 

Table 6.5.1. Orobanche production under different cmp. 

m Soil seed Root infestation Orobanche Orokanche 
bank (No. of shoots/rn2 seed 
(Orobanche or0banche/m2) prcxiuction/m2 
-/m21 

Faba bean 102 400 294 
Narkon vetch 76 000 502 
m i l  83 200 563 
Field pea 84 600 263 
Chickpea 144 000 66 
Wmly-pod vetch 32 800 100 
CUnlin 55 200 66 

In a parallel pot experiment investigating the decay rate of 

ombanche seed in soil under 14 different cmp, the mean decline of 

ombanche seed was 36.8 % after one cropping with the highest reduction 

of 54.3 % occur- bhen faba bean was grown. 

Mr. H. Schnell, Drs. K.-H. Linke and M.C. Saxena. 

6.6. Transpiraticn a n i  Fbotosynthesis in sane Hcsts as Aff& by 

Ombanche Parasitism 

'Ihe objective of this study was to quantify the effect of parasitism 

on transpiration and photosynthesis of the host plants. Aim was also 

to evaluate the effectivity of an antitranspirant ("Wiltpruf 5600") for 
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Orobanche control based on the hypthesis that Orobanche has a high 

transpiration rate for the acquisition of nutrients from the host and a 

suppression of transpiration may raise O m b a n c h e  shoot tenpxature and 

thus kill the parasite. Study was carried out in lentil, faba bean and 

dry pea and measurements were made at several stages of qra?th as the 

parasitism developad. 

Transpiration and photosynthesis were higher in the uninfected 

host plant than the one infected by Orobanche (Table 6.6.1). 

Interspecific differences observed in the hosts can be attributed to 

the differences in the water supply available to them. Orohnche 

surprisingly had a very low transpiration rate (1.9 mmol water 

vapr/m2/s). As expeded, the parasite showed no photosynthesis and it 

released C02 by respiration. 

Table 6.6.1. Transpiration and photc6ynthesis of hosts and parasite. 

crop Orobanche T?=anspiration Photosynthesis 
infection (nmtol H~O/~~/S) (ml co2/m2/s) 

Lentil - 
+ 

Faba bean - 
+ 

Pea - 
+ 

Orobanche 
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The transpiration mte should be related to the tissue 

tapmture. It was, hmever, seen that inspite of low rate of 

transpiration the tissue tapratme in Orobanche was lower when 

ccwpared to the air temperature (Figure 6.6.1) . A large n m k r  of 

hydathodes (leaf glands) occurring on the surface of the parasite mi#t 

have a role in reducing the heat load on the parasite. The tissue 

tenperature of the infeded host plant during mid day (Figure 6.6.1) 

was higher than of the uninfeded host plant because of increased water 

stress. 

The antitranspirant had no effect on the stmtal conductance, 

transpiration and tissue temperature in the parasite. The only effect 

was a slightly faster browning of the corolla N>es in Orobanche. 

Thus, unlike in case of -, use of antitranspirant was not 

effective in controlling Orobanche in the cool season fccd legumes. 

Mr. M. Knapp, Drs. K.-H. Linke, M.C. Saxena aral J. Sauerborn. 

6.7. Use of Nitrugen for Orobarrfie Ccartrol 

In-vitro ap=riments have shown that ammonium nitrcgen in contrast to 

nitrate can inhibit the germination of Ordsanche seeds. A field 

experiment was therefore conducted to test this in the field, using 

faba bean. The treatrents included 32 oxbinations of various rates of 

nitrogen (0, 14, 28 kg N/ha) as m n i m  sulwte and 3 rates of two 

nitrification inhibitors, Didin (dicyandiamide) and N-serve 

(nitrapyrin) . 



Temperature (OC) 
35 -- 

I 

Faba bean infected 

Faba bean infected 

i -ic Orobanche 

i , 1 * Air 

9 10 11 12 13 14 15 16 17 

Time 

Figure 6.6.1. Top: Temperature of infected/uninfected faba bean, 
Orobanche and surrounding air during the day. 
Bottom: Regression lines for the relation between 
tissue and air temperature in host and parasite. 
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?he faba bean crop was damaged by a severe frost in mid March, 

therefore no yield data could be obtained. The nunhi- of emerged 

orobanche shoots decreased by 20 % and 35 % at 14 and 28 kg N / h a ,  

respectively as ocxnpared to control. The nitrification inhibitors had 

no effect in this respect. Soil analysis revealed that the ammonium 

did not penetrate beyond a depth of 5 an for at least the first 11 

days. This might explain the relatively small effect of ananonium arid 

the lack of effect of the inhibitors. Both inhibitors were effective 

in maintaining a hiqher m n i u m  concentration in the soil (Figure 

6.7.1). 

Didin was imre effective as nitrification inhibitor and N-serve 

showed an adverse effect on the root growth of faba bean. In future 

studies it is advisable to apply these wnpunds earlier (e.g. just 

before sowing) with a larger munt of irrigation water (e.g. 10 ram) or 

they should be incorporated into the soil mechanically. 

%. M.v. Hezewijk, DJS. K.-H. Like, M.C. Saxena and A. Pieterse. 

6.8. Intfqxated O m t ~ ~ l  

An intspated - q m t  system is the most promising way to tackle the 

Ombmche problem. Rqhsis on this aspect is therefore steadily 

increasing and the single control methods are being evaluated with the 

aim of using than in a scheme of intqrated control. 

6.8.1. Eaba bean 

The most striking Orobanche control in faba bean in the previous years 



Ammonium lppm N-NH41 Ammonium lppm N-NH41 
20 

0 Ammonium * I*  Amm.ni"m 

14 Amm. 20 Didin 28 Amm.. 20 Dldin 

- 
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60 

Time (days) Time (days) 

Ammonium lppm N-NH4) 
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I - 0 Amm 2r t 14 Arnm 2 i  * 28 Amm 2 1  
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J J 4 o ~ - " " " " ' I  0-- L 
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Figure 6.7.1. Ammonium nitrogen content of soil samples after 2 applications 
of either N-serve or DCD at 8 levels of nitrogen supply (0, 14 
and 28 kg nitrogen applied as ammonium sulfate per ha). Arrows 
show the times of application of nitrification inhibitors. 
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w a s  obtained by a combination of sl iqhtly delayed saiing and the 

application of a herbicide. This was confirmed again t h i s  year 

(Table 6.8.1) . IXle t o  the frost  damage on early planted faba beans, 

hawever, the positive effect  on the crop could not be well 

dem~mtrated, but Orobanche control was complete w i t h  most  treatments. 

Wle 6.8.1. Integrated control in faba bean: combination of herbicide 
and sowing date. 

Herbicide Sowing Orobanche Omhnche Crop straw Crop seed 
date* shoots/m2 dry weight dry weight yield 

(kq/W (kg/ha) (k9/ha) 

No herbicide 
No herbicide 
Glypho6ate 2x80 
Glyphosate 2xao 
Imazethapyr 1x75 
Imazethapyr 1x75 
Imazaquin 2x40 
Imazaquin 2x40 

S.E.M. 2.2 
L.S.D. (Et0.05) 8.2 

6.8.2. Lentil 

?he best way t o  avoid damage from Orobanche in l en t i l s  was t o  use a 

genatype which is adapted for l a te  sowing. ILL 8 can be sown nearly 25 

days l a t e r  than ILL 4400 without any yield reduction i f  there is no 

Orobanche infestation. Because of this adaptation t o  l a t e  sowing it is 

suitable for m g i n g  Orobanche by delayed sow*. To inpmve further 
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on the control masure, this treatment was tested in combination with a 

low rate of two different premqence herbicides. As in other 

-intents, emeq~ce of Orobanche was rather low. only in the 'no 

herbicide' plots a few shoots were found. Undwund infestation was 

present but due to lack of water for the crop many of the Orobanche 

attadxwnts did not develop into an emeqed shoot. No emqed 

Orobanche shoot was found with ILL 8 (sawn late), but ILL 4400 sown at 

noml time had same infestation. No differences were obsemed between 

the herbicide treatments (Table 6.8.2). The low amount of rainfall 

favoured the early-sown lentil (ILL 4400) and therefore the late-- 

cmp (ILL 8) was of no advantage under this condition. 

Table 6.8.2. Effect of integrated control in lentil: combination of 
genofi.Iw (along with their optinnun sa~ing date) and 
herblcldes on Orobanche infestation and crop yield in 
lentil. 

Herbicide Rate (g a. i ./ha) Genotype 
and times of 
applicatian 

No herbicide ILL 4400 
No herbicide ILL 8 
Iirazaquin 7.5- ILL 4400 
Imazaquin 7.5- ILL 8 
~mazethapyr 60.0~1 ILL 4400 
Imazethapyr 60.0~1 ILL 8 
S.E.M. 
L.S.D. (P4.05) 

0.89 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 
N.S. 

Lentil 
straw 
(k9,Pha) 

Lentil 
seed 
(%/ha) 

240 
326 
204 
281 
117 
N.S. 
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6.8.3. oli- 

The effect of 2 genotypes and 2 preemergence herbicide treatments was 

tested in a split-plot design. The gemtype I K  3279, which earlier 

was found to have a l w  susceptibility to Orobanche, had only half as 

mu& Orobanche infestation as ILL: 482, and the glyphosate as well as 

the imazethapyr treatment reduced the Orokanche infestation by a factor 

of 3. Nevertheless, these effects were not statistically significant. 

?he imzethapyr (1x60 g a. i.lha pre-anergence) produd phytotoxicity 

on the crop and resulted in a reduced production of biomass with ILC 

3279, bihile the other genotype was not affected. 

6.8.4. Dry % 

Three methods were tested in cambination cconprising sowing date, 

preemeryence herbicide an3 genotype. Use of imzaquin (2x20 g.a.i./ha) 

caused most significant reduction in Orohmche which confirms results 

of the previous season (Table 6.8.3). IXlaying the sow- date f m  

20 Nw. to 10 Cec. resulted only in a 50% reduction of the 

infestation, but crop biomass prduction also decreased by 20%. 

Genotype effect was nut present. Accession no. 290, which earlier was 

found to have sane degree of w i s w  to Orcbanche, was not different 

f m  the 'Local Pea' in this study. 



Table 6.8.3. Integrated control in pea: cambination of genotype, sowing 
date and herbicide. 

Herbicide Genotype Sowing Orobanche Orobanche Fea straw 
(g a.i./ha) date shoots/m2 dry weight dry weight 

(@/ha) (ks/ha) 

No herbicide 
No herbicide 
No herbicide 
No herbicide 
Imazaquin 2x20 
Imazaquin 2x20 
Imazaquin 2x20 
Imazaquin 2x20 

S.E.M. 
L.S.D. (Et.O.05) 

Local Pea 
Iacal Pea 
ACC. 290 
ACC. 290 
m P e a  
LDcalFea 
A m .  290 
Am. 290 

Nw. 20 4.6 
Dec. 10 1.8 
Nw. 20 3.8 
Dec. 10 2.6 
Nw. 20 0.1 
Dec. 10 0.5 
Nov. 20 0.0 
Dec. 10 0.2 

6.8.5. Forage legrmes 

Narbon vetch ( U a  narkonensis), whi& has high prciiuctivity, is 

susceptible to Orobanche. H e m  a package of Orobanche m t m l  methods 

was tested against no Orobanche control. The two treatments carpred 

are listed in Table 6.8.4. m e  nmber of Orobanche sh&/m2 was 

significantly reduced by the test package. m e  low rainfall reduced 

the potential for biomass production under the delayed sowing trea-t 

which was a component of the package for Orobanche control. Hence 

straw yield difference5 between the two treatments were not 

significant. 



Table 6.8.4. Intqrated control of Orobanche in U a  narbonensis. 

Package Orobanche Orobanche Crop s t r a w  Crop seed 
s h w t s / m 2  dry w e i g h t  dry weiqht yield 

(kqrn)  (kg/ha) (kg/ha) 

Vicia narb. acc. 578 + delayed 
sowing (14 days) + herbicide 
(2x20 g a.i./ha hzaqu in )  0.4 6 737 174 

S.E.M. 
L.S.D. (P=O.05) 

Based on the work done so fa r  a package for the control of 

Orobanche for every legume crop threatened by the parasite can be 

suggested (Table 6.8.5). A .  m r e  in fomt ion  becomes available, the 

package for inkgrated control can be further refined. Hand pulling of 

Orobanche and use of riqht rutations miqht further help in reducing the 

seed bank of the parasite. 

Table 6.8.5. The most promising combinations for integrated Orobanche 
control. 

Lentil Delayed sowing + adapted genotype 
Chickpa Less infected genotype + herbicide 
Faba bean Delayed sowing + herbicide; less infected genotype + 

herbicide 
Feed legumes Less/not infected species; delayed sow*, use of 

herbicide, less infected genotype, mowing + so i l  t i l lage 
Field pea Delayed sowing + herbicide 
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Integrating the sowing date into an Ombanche cnntrol strategy has 

prwed t o  be a useful tool. A compilation of data on the effect of 

sawing date from various experiments a t  Tel Hadya demonstrates the 

decline of Orubanche attack with delay in sowing. There is of oourse 

also a decrease in crop bicaMss by delaying the sowing date, but the 

control of parasite is better and the overall result therefore is 

pasitive (Figure 6.8.1). 

Drs. K.-H. Linke and M.C. Sax-. 

Orobanche dry weight (kglha) 
2000 - 

I - Faba bean 1 
1 + Lentil 

++ Narbon vetch 

8 Field pea 

October November December 

Figure 6.8.1. Sunoklry of the effect of scurirq date a t  Tel Hadya on the 
Orobanche dry weight in 4 crops a t  harvest t k .  



T h e  international test- prqram on faba bean, lentil, kabuli 

chickpea, lathyrus, vetches and dry pea is the vehicle for the 

dissemination of genetic materials and improved procluction practices, 

in the form of international nurseries and trials, to the national 

program scientists in and outside the WANA region. The genetic 

mterials camprise early segregating populations in F3 and F4 

generations, ard elite lines with wide and specific adaptation, special 

imrpholcgical or quality traits, and resistance to mmmon biotic and 

abiotic stresses. 'Ihe trials on hprwed production practices deal 

with the manipulation of the ~hizobium-legume symbiosis and weed 

control. Nurseries are only sent on request and often include specific 

gernplasm developed for a particular region or a national prcgram. 

'Ihe testing program helps in identification of genotypes with 

specific and wide adaptation. The performance data pennit assessment 

of genotype x environment interaction and help in targeting breeding 

efforts for specific agroecolqical conditions. Through the agronomic 

trials, resew& is encomged in the national prapan~ on o p t k  

agronamic practices for different agro-eculcgical conditions to fully 

realize the yield potential of their cultivars. 

Implementing the reoommendations of the second External Prcqam 

Review of ICXRM we have stopped the distribution of all the yield 

trials and screenirq nurseries of faba bean to the national programs 
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fmm ICARDA headquartes. Only nurseries with genetic material having 

special characteristics including determinate types and stress 

resistance sources were, therefore, distributed for the 1990/91 season. 

In collaboration with the PFLP, nurseries on lathyrus spp. and m a  

spp. were included in the international testing prqram for the first 

time. 

The chickpa and lentil nurseries were further diversified during 

1990/91 and a new nursery of disease resistant sources in chickpa 

(Chic- International Fusarium Wilt Nursery), and one in lentil 

(Ientil International b t  Nursery) were added. Thus 1030 sets of 43 

different types of nurseries (Table 7.1.1) were despatched to various 

cwperators during the 1990/91 season. Several moperato~s requested 

large quantities of seed of some elite lines identified by them from 

the international nurseries/trials for inultilocation yield testing and 

on-farm trials. Dry season during 1988/89 limited the seed 

multiplication and hence we could not meet all these requests. 

The salient features of 1988/89 inC-tional nursery results 

received from ~ ~ O L S  until 21 October, 1990, are presented here. 

7.1. Paba bean 

Wts of 14 sets of Faba Bean Internatio~l Yield Trial-large Seed 

(FBIyT-L) indicated that only at two locations (Deir-ezzor and Tel 

Hadya in Syria) sow of the lines outyielded the local check by a 

significant (P 5 0.05) -in. 'Ihe five best yielding entries across 



Table 7.1.1. Food legume international nurseries  supplied for the 
1990/91 season. 

No. of sets 

Faba beEln 
Asad~yta Bliqht Nursery (FBIABN-91) 25 
Chocolate Spot Nursery (FBICSN-91) 25 
Rust Musery ( m - 9 1 )  20 
D e t e ? m h a t e  Nursery ( ~ ~ 1 . 9 ~ 9 1 )  35 
Weed Control T r i a l  (-91) 7 
Inoculation R e s p o n s e  T r i a l  (FBIRl'-91) 6 
Orobanche Chemical Contml Tr ia l  (FBXCT-91) 4 

IEntil 
Yield Trial, w e - S e e d  (LIIT-L91) 
Yield Tr ia l ,  Small-Seed (LIIT-S-91) 
Yield Tr ia l ,  Early (LIYT-E-91) 
Smxsukq Nursery, Lage-Seed (LISN-L91) - Nursery, Small-Seed (LISN-S-91) 
screening Nursery, Early (LISN-E-91) - Nursery, Ta l l  (USN-T-91) 
F4 Nursery, Large Seed (LIF4N-L91) 
F4 Nursery, Small Seed (LIF4N-S-91) 
F4 Nurse-, Early (LIF4N-E-91) 
Cold Tolerarce Musery (LICZN-91) 

Blight Nursery (IDEN-91) 
m i u m  w i l t  Nursery ( u r n - 9 1 )  
FUEt Musery (LIRN-91) 
Iri€culation Response Tr ia l  (IJRT-91) 
Weed Control T r i a l  (IWCT-91) 

Yield Tr i a l  Sprirg (CIYT-w91) 35 
Yield Tr i a l  Winter, Mediterranean Region 40 

(CIPW-MR-91) 
Yield Trial Southernly tatitudes-1 15 

(CIYT-SLl-91) 
Yield Tr i a l  Southernly Latitudes-2 15 

( m - s u - 9 1 )  
Yield Trial Latin American (CIPIA-91) 15 
Screening ~ursery Winter (CISN-W-91) 60 
Screening ~ursery Spring (CISN-Sp-91) 45 
Screening Nursery, Southernly Latitudes-1 10 

(CISN-SL1-91) 
screening Nursery, Southernly Latitudes-2 8 

(CISN-SL2-91) 

Cont'd 2 / . .  



International Trial/Nursery No. of sets 

Nursery, Latin American (CISN-IA-91) 
F4 NLU-SXY, Mediterranean Region (CIF4N-MR-91) 
F4 Nurse2y, Southernly Latitudes (LTF4N-SL91) 
Asoxhyta Blight Nursery: Kabuli (CIABN-A-91) 
Asoxhyta Blight Nursery: Kabuli & Desi 
(CIABN-B-91) 

FUsarium Wilt Nursery (CIFWN-91) 
Ieaf-MbST Nursery (CILMN-91) 
Cold TOleranCe Nursery (CICLN-91) 
Inoculation m n s e  Trial (CIRT-91) 
Weed Control Trial (WCT-91) 

Fcaase- 
Lathyrus m. Adaptation midl 
Vicia a. Adaptation Trial 
m 
Adaptation Trial (PIAT-91) 

locations included E'LIP84-107FE3, FLIP 84-127FE3, E'LIP 84-138Fl3, FLIP84 

114FE3, and 74 TA22 (ILEI 9). ?he ANOVA for stability for saed yield 

revealed that only the mean squares due to pled deviations, the non- 

linear portion of genotype x envirorrment interaction, was significant 

(Table 7.1.2). The perusal of stability parameters for individual 

entries revealed that the performance of 15 entries out of 23 was 

predictable. The entries m l y ,  FLIP 88-2FB, FLIP 87-141FB, 805 

44027, FLIP 84-114FB, FTJP 84-104FE3, ILB 1270, ILE 1821, FUF88-1FB, 

FUP 84-138FE3, and 805 80135 in descending order of superiority 

displayed average stability and predictable behaviour. Another entry, 



247 

FLIP 84-127FB, with above average perfo?nmnce, regression coefficient 

mre than unity and the deviations approaching to zero, was responsive 

to high yielding envimrments. 

Table 7.1.2. RDJA for stability for s€+d yield for the entries in EEiIYFL, 
FBIk?LS, ard FBIYM caxhYx3 chnrirg 1988/89. 

The Faba Bean International Yield Trial-Swill Seed (FBIYT-S) 

analysed for 15 locations revealed that only at one location, Atshana 

in Iraq, 4 entries exceeded the respective local check in seed yield by 

significant margins. Across locations, the five highest yielding lines 

were: FLIP 83-88FB, FLIP 83-89FE3, FLIP 87-169FE3, FLIP 83-106FB and I D  

1819. 'Ihe stability analysis for seed yield (Table 7.1.2) revealed 

that only the linear portion of genotype x environment interaction was 

significant and inprtant. Except ILB 1812, all entries exhibited 

predictable behaviwr. Four entries, FLIP 83-89FE3, FLIP 83-3FB, FLIP 

83-lFB, and FLIP 83-105FB, having regression coefficients more than 
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unity, abwe average mean performme and dwiations approaching zero, 

were adaptable to him yielding envirornnents. ?he entries m P  83- 

88FB, U P  87-169FB, FLIP 83-106FB, Giza 3, FIJP 87-170~~3, 80s 50088, 

mSP88-5FB, and F'LIP87-167FB, having above average yield, regression 

coefficients equal to one and deviations amching zero had general 

adaptation. 

?he Faba Bean International Yield Trial-Determinate (FBIYT-D) was 

reported f m  14 locations and at no location the test entries ex&& 

the respective local check by a significant margin. Across locations, 

the five heaviest yielding entries included ILB 1814, FLIP 86-107FE3, 

FLCP 86-122FE3, FUP 86-118FB, and U P  86-125FB. The heaviest yielding 

determinate 1 . b  yieldd 12.46 per cent less than the high yielding 

indetermirate check, ILB 1814. !The ANOVA for stability for seed yield 

(Table 7.1.2) revealed that mean square due to entry x location- 

(linear) interaction was significant. The three entries, FLIP 86- 

122FB, FLIP 86-118FB and FLTP 86-109FE3, had abcrve average perfomce, 

regression coefficients equal to unity, and deviations from regression 

approaching zero, and were thus having gene~ral adaptation. Four of the 

18 determinate entries, namely, FLIP 86-107FB, F'LIP 86-125FB, F'LIP 84- 

246FB, and FLIP 84-243FB showed unprdictable behaviour. 

Of the 16 locations where Faba Bean International Screening 

Nursery-Larqe Seed (FBISN-L) was tested, it was only at Gorgon (Iran), 

Terbl (Lehnon), Allal Tazi ( M o m ) ,  and Ham (Syria) where the seed 

yield of 1, 3, 1, and 1 test entries respedively exceeded that of the 
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local checks by a significant margin (at P _c 0.05) . 'Ihe five best 

entries a- locations included FLIP 84-7OFB, FLIP 86-36FB, 85/340, 

AqUadul~e and FLIP 84-94FB. 

In the Faba Bean ~ n t e m t i o ~ l  Screening Nursery-%ll Seed 

(FBISN-S) conducted at 15 locations, seed yields of one erhry at Gorgon 

(Iran), five at Terbol (Lebanon), 26 at Elvas (Portugal), one at 

Oordaba (Spain) and four at Oud Meliz (misia) exoeeded the seed yield 

of the respective local check by a significant margin (Pi 0.05). 'Ihe 

five best yielders across locations included FLIP 86-82FB, FLIP 86- 

80FB, 80s 43977, FLIP 85-28FB and FLIP 85-13FB. 

In the Faba Bean International Screening Nursery-Deknnbate T y p  

(FBISN-D) conductd at 16 locations, the seed yield of 5 entries at 

Elvas and one at Gud Meliz exceeded the yield of respective local check 

by a significant margin (e0.05) . The top five yielders across 

locations included, ILE 1814, FLIP 86-115FB, FLIP 86-123FB, FLIP 86- 

117FB and FLIP 87-101FB. 'Ihe top determinate yielder in this nursery 

gave 31.8 per cent less yield than the indeterminate hi$ yielding 

check, ILB 1814. 

Three F4 nurseries, one each for determinate, asccchyta blight 

resistant, and botqtis resistant crosses, were distributed during the 

1988/89 season. At most locations some irdividual plants with 

desirable attributes were selected. 
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The results on Faba Bean International A5ccchyta Bli$t W r y  

(FBIABN) w e r e  reported from 3 locations. At Radzikow in Poland two 

entries, A87304(31818-1) and A87245 (Bm, 2148) were rated a t  4 on 1-9 

scale ( l=f ree ,  9=higNy suscep t ib le ) ,  and the entries A87175(L83106), 

A8721 (L83106) , A8729 (L83106), A8759 (L83106) , A87218 (L83106) , and 

A87273(L83106) were rated a t  5. All other entries were rated more than 

6. I n  U.K., 13 o f  the 22 test entries were rated between 1 and 4 and 

k l u a e d  A8721(L83120), A87304 (31818-1) , A87175 (S83135), A8715(BPL818), 

A8717(A2), A8735(L83129), A87212(BF?L 2138), A87245(EPL 2148), A8712(BPL 

472), A8719(L83118), A8759(L52001), A87218(BPL 2144), and A87233(BPL 

2148). A t  Ham3 in Syria, there was no d i sease  development dur ing the 

season. 

The results of  Faba Bean International Chocolate Spot Nursery 

(FBICSN) w e r e  reported from two loca t ions ,  Hole t t a  i n  Ethiopia  and 

Cambridgeshire i n  U.K. Five e n t r i e s  a t  Holetta namely, B8722 (L83106), 

B87140(ILB 3025), B87187(IL83033), B87195(ILB 3034), and B87201(ILE! 

3036) ; and n ine  e n t r i e s  including B8715(BPL1179), BE727 (L83114) , 

B87103 (S83061) , B87140(ILE3 3025), !387142 ( I =  3026) , B87143 (ILE 3026) , 

B87187(ILB 3033), B87195(ILB 3034), and B87201(ILB 3036) a t  

Cambridgeshire were rated between 1 and 4 on 1 t o  9 scale ( 1  = f r e e ,  9 

= high ly  suscep t ib le ) .  

The results of  Faba Bean In te rna t iona l  Rust Nursery (FBIRN) were 

reported f m  three locations. A t  Holet ta  two e n t r i e s  namely R878 (BPL 

263) and Rebaya-40 were rated a t  3 and a l l  other entries including the 
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susceptible check were rated 5 with the exception of R8710 (BPL.406) 

which was rated at 7 on 1 to 9 scale. At Tarquinia in Italy four 

entries namely, R8735(BPL 552) , ~8747 ( B P L ~ ~ ) ,  ~8759 (BPL663) and 

R8761(BPL665) were rated at 3. At Canbridgeshire four entries, 

IlEUtEly, R878(EPL 263), R8724(15563-2), R8759(BPI663) and R8761(BPL 665) 

were rated at 3 or 4. 

The results of Faba Bean Weed Control Trial were reported from 

fax location.. At w e t  in Mo- none of the weedicide treatments 

yielded significantly hi* than weedy check. m e  treatment involving 

pre-emwgence application of ~~ (I-) at 2.5 kg a.i./ha + 

pronamide (Kerb) at 0.5 kg a. i./ha was significantly superior to weedy 

check at all other locations (Chillan in Chile, Terkol and Elvas). 

Preemeqence application of terbutryne (Igran) at 2.5 kg a. i./ha, and 

p r e e g n c e  application of methabenzthiazuron (Tribunil) at 3.0 kg 

a.i./ha plus pronamide (Kerb) at 0.5 a.i./ha were significantly better 

than w e d y  check at -1 and Elvas. 

In Faba bean International Fertility-Rhizobium Evaluation and 

Rhizobim Inoculation Response Rial, reported from Holetta, ~thiopia 

none of the treatments was significantly superior to respective 

corhrol . 

Results of Fate Bean International Omkanche Chemical Control 

Trial was reported f m  three locations but the ANOVA for seed yield 

was significant only at one (Douyet) . Glyphosate at 0.08 kg a. i./ha 
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applied three times at 15 day intervals starting at fl-ing was most 

effective in controlling Ombanche. 

7.2. lentil 

Data from 23 locations were analysed for seed yield for Lentil 

International Yield Trial-Large Seed ( L ) .  At 12 locations, 

nanr=ly, Mahit (Iraq), Fulawy (Poland), Beja and El-kef (Tunisia), 

Linwln (New Zealand), Mintaro (Australia), Terbol (Lebanon), Al 

Aziziah (Saudi Arabia), Madrid (Spain), Tel Hadya, Breda (Syria), and 

Sidi Laidi (Momcco), same of the test entries exceeded the respctive 

local check in seed yield by a significant (P = 0.05) margin. The five 

heaviest yielding lines across locations were FLIP 87-16L, FLIP 87-12L, 

FLIP 87-17L, 81s 38326, and 78s 26002. Stability analysis based on the 

Eberbart and Fussell (1966) model for seed yield of LIYT-L entries 

revealed that mean squares due to pled deviations (non-linear portion 

of genotyp x environment interaction) and entry x location interaction 

(linear) were significant (Table 7.2.1) . This exhibited the presence 
of differences among entries for their linear and non-linear response. 

The entries FLIP87-12L, FLIP 87-17L, 815 38326, ILL 4606, and FLIP 86- 

2L had above average mean yield, unit regression coefficients and non- 

significant deviations from regression indicating general adaptation. 

The results of Lentil International Yield Trial-Small Seed (LTYT- 

S) revealed that at 9 (Beni Slhme in Algeria; W e t  Field in 

Austria; Terbol in -on; Madrid in Spain: Idleb, and Breda  in Syria; 

El-kef, and Beja in Tunisia; and Lincoln in New Zealand) out of 14 



Table 7.2.1. AN3.R for stability for & yield for t k  mtris in I;Typ-L, 
LEFS, ard I;Ck?LE ccrchr-2Ed dnirg 1988/89. 

nazy 22 19.4W 
Bkry x laatim + loatim 506 64.62* 
iYr3ticpI (lirsar) 1 29453.1W 
Entzy x laaticn ( l k )  22 33.25* 
Wled dmidticpI 483 5.21* 
Wled error 1012 2.48 

* Significant at P =  0.05. 

locations scm of the test entries exceeded the respedive local check 

in seed yield by a significant (P = 0.05) margin. The five heaviest 

yielders in this trial were FLIP 84-51L, FLIP 87-57L, FLIP 87-53L, FLIP 

87-56L and F'LIP 84-59L. Stability analysis for seed yield of the 

entries revealed that only rn square due to pled deviations was 

significant (Table 7.2.1). Three entries namely FLIP 87-48L, U P  84- 

29L and 78s 26013 had above average mean, non-significant deviations 

from regression, and regression coefficients equal to unity, and thus 

had general adaptation. 

The results of Lentil International Yield Trial-Early (LIYT-E) 

revealed that at four locations namely, Khulamtar (Nepal), Rabiah 

(Iraq), Pesso Fundo (Brazil) and Euvnkwe (Malawi), 3, 1, 17, and 1 test 

entries, respectively, exceeded the respective local check in seed 

yield by significant (e0.05) margin. The five heaviest yielders 
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acmss locations included ILL 2573, ILL 2501, 1LL 3614, FLIP 84-112L 

anl ILL 2582. The ANOVA for stability analysis for seed yield revealed 

the significance of mean square due to pled deviations (Table 7.2.1) . 
None of the entries having above average yield and regression equal to 

unity were predictable across enviromts for seed yield. 

For Lentil International Screening Nuway Large (LIsN-L), Small 

(USN-S) , Tall (LISN-T) , and Early (LISN-E) the data for seed yield 

were reported from 20, 19, 26, and 16 locations, respectively. The 

analyses revealed that at 9 locations in LISN-L (Sidi Eel Abbes, 

Algeria; Ramtha and Jubeiha, Jordan; Faisalabad, Pakistan; Elvas, 

FDrtugal; Rawdat Harm, Qatar; Madrid, Spin; Gelline, Syria; Elkef, 

Wisia) , 8 locations in LISN-S (Gazvin and Maraeeh, Iran; Jubeiha and 

Ramtha, Jordan; Rawdat Harm, Qatar; Madrid, Spain; Alep and Idleb, 

Syria), 14 locations in U!CC-T (Beni S l h ,  Setif, and Sidi Be1 

Abbes, Algeria; Clare, Australia; Karaj and mragheh, Iran; m i l ,  

Iraq; Catagirone, Italy; Jubeiha and Ramtha, Jordan; Elvas and El 

Encia, Portugal; Idleb, Syria; Kef, Tunisia), 10 locations in LISN-E 

( t  Field, Australia; Ramtha, Jordan; Sidi Laidi, Mor-; 

Faisalabad, Pakistan; Elvas, Portugal; Eeja and El Kef, Tunisia; Karaj, 

Iran; Maracaju, Brazil; Debre Zeit, Ethiopia) same of the test entries 

exceded the respedive local check by a significant margin (F0.05) . 
T h e  five heaviest yielders across the locations for these nurseries are 

given in Table 7.2.2. 



Table 7.2.2. The five heaviest yielding lines across locations in 
different lentil meening nurseries, 1988/89. 

Narre  of Nursery 

Rank LISN-L LISN-S LEN-T LISN-E 

1 FLIP 88- 8L FLIP 87-51L FLIP 88-50L FLIP 88-47L 
2 FLIP 88- 1L FLIP 89-241, FLIP 88-8L FLIP 88-45L 
3 FLIP 88- 7L FUP 89-20L Idlib - 1 FLIP 89-45L 
4 FLIP 87-15L FLTP 89-25L FLIP 84-51L FLIP 89-48L 
5 FLIP 87-20L FLTP 88-30L FLIP 84-59L FLIP 88-351, 

The ??sulk of Lentil International F3-Trial (LIF3T) and F3-Trial- 

Early (LIF3T-E) were reported fmm 6 locations each. At m t  of these 

sites the individual plant selections were made by the national 

The results of Lentil International Cold Tolerance Nursery were 

received only from Erzurum in Turkey. The susceptible check took the 

rating of 5 on 1-5 scale (l=free: 5=killed because of frost). Scme 

entries namely, ILL 857, ILL 465, I W  780, ILL983 and local check tmk 

rating between 2 and 3 and were relatively tolerant to cold as compared 

to others. 

The results of Lentil International A s a x h y t a  Blight Nursery were 

reoeived only from Emzunnn in Turkey and Lincolin in New Zealand. At 

bath locations the local susceptible check took the rating of 3 

indicating that the disease development was not sufficient to permit 

good screening. 

The results for Lentil Weed Control Trial received from five 
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locations showed that effect of treatments on seed yield m.s 

significant at two locations only. All the weedicide treatmats at 

Setif (Algeria) were significantly superior to weedy check whereas at 

Douyet ( M o m )  only three treatfra~ts 'T9 (methabenzthiazuron 

(Tribunil) at 2.0 kg a.i./ha plus prommide (Kerb) at 0.5 kg a.i./ha) , 

T6 (Cyanazine (Bladex) at 0.5 kg a.i./ha) , and T 7  (pmtryne 

(Gesagard) at 1.5 kg a.i./ha) were significantly superior. 

The Lentil International Fertility-Rhizobium Evaluation Trial was 

cax3uded at three locations and the ANOVA for treatments for seed 

yield at all the locations was not significant. 

The Lentil International Rhizobium Inoculation Respnse Trial 

(m) was reported from 4 locations. The results, hever, revealed 

that only at Pant Nagar (India), the inoculation with strain no. 735 

excelled the control in seed yield by a significant margin. 

7.3. chickpa 

?he seed yield data were analysed for 16 locations for Chickpea 

International Yield Trial-Spring (CIYT-SP) . A large number of test 

entries exceeded the respective local check by a significant -in 

(M.05) at six locations (Montboucher, France; Xaraj, Iran; Padilla 

Tam, Mexico; A1 Aziziah, Saudi Arabia; Badajoz, Spain; Adana, 'I'urkey) . 
The five best entries across the locations were FLIP 86-53C, FLIP 84- 

164C, ILC 482, FLIP 84-182C and FLZP 84-7C. 
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The ANOVA for stability revealed that mean squares due to bath 

linear and non-linear portions of g x e interaction were significant 

with preponderame of linear prtion. Nine entries, namely FLIP 84-7C, 

F'LJP84-182C, FLIP 81-293C, FLIP 86-71C, F'LIP 86-19C, FLIP 85-86C, FIJP 

85-llc, FLIP 84-78C, and FLIP 86-41C exhibited non-significant 

deviations from regression, had above average mean, and regression co- 

efficients equal to unity and thus exhibited general adaptability. 

The seed yield data for Chickpa International Yield Trial-Winter- 

Mediterranean Region (C1rr-W-MR) revealed that at 15 locations 

(aahmoni, Khroub, Cud Smar, Setif and Sidi Be1 Abbes, Algeria; 

Caltagirone and Tarquinia, Italy; Sevilla, Spain; Idleb, Gelline, Tel 

Hadya, and Jinderess, Syria: Beja, Tunisia; Adana and Izmir, Turkey) 

out of 32, scone entries exceeded the respective lccal check by a 

significant margin (P=0.05). The five best entries across locations 

included FLIP 84-92C, FLIP 84-79C, FLIP 85-42C, FLIP 84-102C and FLIP 

81-293C. The ANOVA for stability for seed yield indicated that mean 

squzes due to pled deviations were significant (Table 7.3.1). Three 

entries namely, FLIP 85-42C, FLIP 84-102C, and FLIP 85-48C had 

regression coefficient equal to one, deviations from regression 

appmching to zero and the seed yield mre than the general mean, and 

were thus widely adaptable. 

The ANOVA for seed yield for entries in Chickpa International 

Yield Trial-Large-Seed (CIYT-L) for 37 locations revealed that at 18 

locations (Dahmoni, Khroub, Cud Meliz, Setif and Sidi Be1 Abbes, 

Algeria: Saskatmn, CaMda; Chillan, Chile; Montpelier, France; 
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Tarquinia, Italy: Cordoba and Sevilla, Spain; Al Chab, Jinderess, 

Syria; Beja, Tunisia: Amasya, ?43ana, Izmir and Ernrum, 'llrkey) same of 

the test entries exceedd the respective local dxxk by a significant 

fiargin. ?he five heaviest yielders across the locations were F'LIP 85- 

15C, FLIP 86-5C, FLIP 85-75C, FLIP 83-77C, and FLLP 84-19C.The ANOVA 

for stability (Table 7.3.1) revealed that mean -es due to both 

linear and non-linear portions of g x e interaction were significant 

with preponderance of linear portion. Eight entries namely FLIP 83- 

77C, E'LIP 85-5C, FLIP 85-562, F'LIP 85-75C, E'LIP 85-602, F U P  85-54C, 

E'LIP 86-13C and FL;CP 85-55C exhibited non-significant deviatiom f m  

rrgression, had above average mean and regression coefficient equal to 

unity and thus exhibited general adaptability. 

In the Chiclrpea International Yield Trial-Sub-Tropical Region 

(CIYT-SITI) , out of 4 locations amlysed a few test entries exceeded the 

respective local check in seed yield by a significant margin at two 

locations (Atshana,  Iraq; and Breda ,  Syria) . T h e  five heaviest 

yielders across locations were ILC 482, FLIP 86-47C, E'LIP 86-52C, FLIP 

84-62C, and F'LIP 86-29C. The ANOVA for stability for seed yield for 

the entries in CI!FFSTR exhibited that both linear and non-linear 

portion of g x e interaction were significant. Seven entries, namely, 

I'LII: 482, E'LLP 86-47C, E'LIP 86-52C, FLIP 84-62C, FLIP 86-18C, FLIP 86- 

49C, and FLIP 86-44C had above average yield, regression equal to one, 

and deviations approaching to zero and were thus with general 

adaptation. TWO more entries, FLLP 86-29C, and FLIP 85-94C had above 

average mean, deviations approaching to zero and regression above one, 

and were adaptable to high yielding envimmts. 
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The Chickpa ~ntemtional Yield Trial-Tall ( C I W )  was rep- 

f m  28 locations. ANOVA for seed yield revealed that at 8 locations 

(Tessala, Algeria; Athalassa, Cyprus; Balaajo, Iraq; Marchouch, 

Moroxo; Al-Ghab, and Jinderess, Syria; 1zmi.r and Erzurum, nrkey) , 

sane of the test entries exceeded the respective local check in seed 

yield by a significant margin (P=0.05). The five heaviest yielders 

across locations included FLIP 85-45C, ILC 195, FLIP 85-19C, ILC 3279, 

and FLIP 85-13C. The ANOVA for stability (Table 7.3.1.) revealed that 

mean squares due to both linear and non-linear portions of g x e 

interaction were significant with preponderame of linear portion. 

Eight entries, namely, FLIP 85-19C, ILC 3279, FLIP 85-13C, FLIP 86-61C, 

FLIFS5-44C, FLLP 85-57C, FLIP 85-49C and FLIP 85-62C exhibited non- 

significant deviation from regression, had m e  average mean and 

regression coefficient equal to unity and thus exhibited general 

adaptability. 

The results of Chickpea International Yield Trial - Early were 
received f m  3 locations and at one location the test entries exceeded 

the local check by a significant margin. The overall mean of entries 

across locations revealed that ILC 2694, ILC 2440, ILC 2910, ILC 2904 

and ILC 1687 were the top yielders. 

The results of Chickpa International Yield Trial-IXlal Season was 

reported from 6 locations. The correlation between spring and winter 

for seed yield of entries was significant at Sidi Eel Abbes in Algeria 

and Marchouch and J a ' a  Shain in Morccco. This showed that the 
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cultivars at these locations could be used for dual season. At 

Terkol, Emyet, and Tel Hadya there was no association between spring 

ard winter yields. These results inlicated the need to develop 

cultivars separately for winter and spring seasons for these locations. 

?he analysis of seed yield in Chickpa Internatio~l Screening 

Nursery-Winter (CISN-W) revealed that at 15 out of 29 locations, scsne 

of the test entries exceeded the respckive local check by a 

significant imrqin (P = 0.05). ?he five heaviest yielders across the 

locations included FLIP 87-45C, FLIP 87-6132, FLIP 86-95C, FLIP 87-52C 

??LXP 86-87C. 

The results of Chickpa International Screening Nursery-Spring 

(CISN-S) were reported from 24 locations. At Santa Maria, Portugal; 

Jubeiha, Jordan; Padilla Tam, Mexico; Marchouch, Morocco: Cordoba, 

Spain; Beja, Tunisia; and Amasya, Turkey, sane of the test entries 

exceeded the respedive local check in seed yield by a significant 

(Et0.05) margin. The five best yielding lines across locations 

included FL;TP 87-47C, FLIP 87-44C, FLIP 87-56C, FLIP 87-1C an3 FLIP 87- 

59C. 

'Ihe Chi- International F4 Nursery was sent to 20 cooperators 

and the results were received from 9. Most of the oooperators found 

these crosses usefu l  for effecting individual plant selection for their 

breeding Program. 
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?he Chickpa International Screening Musezy - Early was reported 
frm two locations, Tel Hadya and Rampur (Nepal). The yields in Nepal 

w e r e  very low due to infestation of mtrytis grey mould. At the other 

location none of the entries exceeded the laal check by a significant 

margin. 

?he chickpa International Asaxhyta Blimt Nwsay (CIABN) 

results from 12 locations revealed that at four locations the disease 

infestation was inadequate to permit good screening. For other 

locations, considering the frequency of ccarrence of an entry among 

the tolerant group (with rating up 4 on 1-9 scale), it was clear that 

among kabuli lines ILC 72, ILC 4421, FLIP 82-15W, FLIP 83-47C, FLIP 

83-97C, FLIP 84-78C, FLIP 84-79C, FLIP 84-92C, FLIP 84-93C, and FLIP 

85-94C were tolerant and had broad-based resistance to Asaxhyta 

blight. similarly, among desi types, ICC 13301, FLIP 87-502C, FLIP 87- 

506C, FLIP87-507C, ICC 13266, ICC 13497, ICC 13508, ICC 13528 and ICC 

13555 were found to fall most frequently in the tolerant group. 

The Cbidqea International Leaf Miner Nursery (CILMN) was reported 

f m  Sidi Be1 Abbes (Algeria) and Amasya (Turkey). At Sidi Be1 Abbes 

the damage due to leaf miner was minimum for ILC 394 (1.5%) and ILC 

5614, ILC 5616, I w  5648 and IE 5901 had 20% damage showing tolerant 

reaction. At Amasya ILC 655, ILC 992, ILC 1334, and ILC 3828 proved 

tolerant. 

For Chic- International Cold Tolerance Nursery (CICIN) the 
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reaction was reported from eiqht locations. ILC 3465, IIC 3468, IIC 

3470, FLIP 82-115C, FLIP 83-66C, FLIP 84-176C, FLIP 84-188C, FLIP 85- 

84C, FLIP 85-93C, FLIP 86-85C, and FLIP 86-86C took rating of 5 or less 

on 1-9 scale (l=free; 9=killed) and were tolerant. 

The data on Qlickp=a Weed Control Trial (CWCT) reported from 5 

locations revealed that weeds in chickpa caused an overall loss of 

46.1% across locations. Ihe pre-emergence application of terbutqw 

(Igran) @3.0 kg a. i./ha alone or with prondmide (Kerb) @0.5 kg a. i./ha 

was the best treatment at most of the locations. Maloran or Bladex in 

mnbination with Kerb, were also effective weedicide trea-ts giv* 

significantly higher yield as oompared to the weedy check. 

The results of Chickpa International Fertility-Rhizobium 

EMluation Trial were reported from three locations but the trea-t 

effects were significant only at Setif (Algeria). The treatments with 

a~lication of nitrcqen exhibited significant increase in seed yield 

over unfertilized control. This inclicated that natural Rhizobium was 

not sufficient to neet the nitrqen requirerent of the crop at this 

location. 

'Ihe results of Chickpa 1 n ~ t i o n a 1  Rhizobium Inoculation 

m n s e  Trial were received from four locations. ?here were 

significant treaiment differ- for two locations, Sevilla (Spain) 

and Setif (Algeria). Only at Setif inoculation with strains No. 39 

ard No. 44 gave significantly higher yield than uninoculated 

txeatment . 
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7.4. my m 

me Peas International Adaptation Rial was conducted for the seoond 

time during the 1988/89 season. The results were received for seed 

yield fmm 10 locations and revealed that one of the entries (Ballet) 

yielded as hi* as 6423 kg/ha at Douyet (Morccm)  and the yields of a 

few more entries (SV51741, Century, ILP 845, and ILP 974) exceeded 5 

t/ha. On the basis of average yield of entries across locations, 

SV51741, ILP 845, Ballet, Frisson, and A m  No. 21 (Local Sel 1690) were 

m n g  the top yielders. 

7.5. Identifiotim of Superior GemQpes by the NAX 

From the genetic materials supplied in the International Testing 

w a r n  the national programs identified and released 5 varieties of 

chickpa [Jubeiha 1, and Jubeiha 2 in Jordan: Janta 2 (ILL: 482) in 

Lebanon; Dalma 89 (FLIP 85-7C) and Tabavo 89 (FLIP 85-135C) in Turkey] 

anl five varieties of lentil [Jordan 3 (78s 26002) in Jordan; Precoz 

( I X  4605) in Morocco; Mansehra 89 (ILL 4605) in Pakistan; ~ z u r u m  89 

(ILL 942), and Malazgirt 89 (ILL 1384) in Turkey] for general 

cultivation during 1989/90. In addition a large number of lines were 

identified for multilocation testing, on-farm trials or pre-release 

multiplication. Also a large number of lines resistant to various 

stresses were identified and are being used for dire or idired 

exploitation. 

Drs. R.S. MaIhotra, D. Beck, W. Rskine, S. Hanounik, L.D. Robertson, 

M.C. Saxma, K.B. Shqh and S. Weigand. 



8.1. Nile Valley Wional FVogmm 

The Nile Valley Feqional program (NVRP), started in 1988/89, deals with 

research, transfer of technolcyy and training to hqrove production of 

cool season food legumes in ~gypt, Ethiopia and Sudan. Adopting a 

multi-institutional and multidisciplinary approach it undertakes 

problem oriented research making full use of the expertise and 

infrastructure available in the participating countries. The Food 

Legume Improvement Pngram collaborates with the national scientists of 

the three countries in developing the annual workplan, providing 

gemplasm, technical evaluation of experiments and preparation of 

reports and in conducting training. The project in Egypt is f&ed by 

Tbe European Economic Canrmnity, in Ethiopia by the Governrent of 

Sweckm (SAREC) , a d  in Sudan by the Government of The Netherlands. 

Significant prcqess in research was achieved in each country during 

the 1989/90 crop season. Highlights of research are presented here. 

8.11 E Q p t  

8.1.1.1. Faba bean 

Faba bean area in Egypt has shown a steady increase in last five years, 

rising from 119,627 ha in 1985 to 157,776 ha in 1989. Average 

pmductivity has also increased fmm 2.52 t/ha to 2.74 t/ha. Thus the 

production has increased by nearly 32%. S o r e  of these increases in the 

prCdUctivity can be ascribed to the transfer of results of the Nile 

Valley Project to the Egyptian farmers. wing the 1989/90 season, 
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work was continued on farmers fields as w e l l  as a t  various research 

stations in major pxduction areas. 

In cooperation w i t h  the s taff  of the Agricultural Cevelopment 

Project in El-Minia, 90 demonstrations (271 ha, involving 110 farmer; 

across nine dis t r ic ts)  were oonducted to wmpare the fazmer's practice 

with an inproved prcxiuction package involving Orobanche tolerant faba 

bean cultivar Giza 402 sawn in early N o v e n k e r  a t  a seed rate of 184.5 

kg ha, with a fe r t i l i ze r  application of 35.7 kg N and 71.4 kg P20g/ha, 

weed control either by hand or  w i t h  herbicide, aphid control with 

Pirimor and adequate water supply. Demonstration seed yields w e r e  0.48 

t/ha (17.5%) and straw yields 1.08 t/ha (14.8%) higher than the yields 

of the neighbowing farmers. Similarly i n  Fayom, on 48 demonstrations 

(161 ha, involving 48 farmers) the seed and s t r a w  yield increases were, 

respectively, 0.63 t/ha (29.8%) and 0.51 t/ha (18.2%), over the 

ne ig lkmr iq  farmers. In Behaira, *ere Giza 3 cultivar was used and 

the crop was sprayed w i t h  ~ i t h a e  M 45 (250 g/1001) four times as  a part 

of the package, the seed yield increase, averaged over 16 demmstration 

plots, was 1.9 t/ha. 

Pilot-p&ction plots on Orubanche control through the use of 

O m b a n c h e  tolerant cultivar Giza 402 and spraying 179 cc of glyphosate 

(Iancer) in 500 1 waterha a t  flowering and 15 days thereafter, were 

laid out in Minia, Fayoum and Behaira govennwnt~. Farmers were 

provided seeds of Giza 402 and fe r t i l i ze r  thmqh the village 

oooperatives and glyphosate and knapsack sprayers by the NVRP staff .  



'IRe results are shm in  Table 8.1.1. lhe  dmns t ra t ion  package 

reduced Oro$anche infestation and caused significant increase in seed 

yield of faba bean. Ihese increases were highly economical. 

Table 8.1.1. Effect of Orobanche control package on the Orobmche 
infestation and seed yield in faba bean in  three 
governorates i n  Egypt. 

Gaven-~lrate Attributes Demonstration Neighbowing 
f a  farm 

Behaira S e e d  yield (t/ha) 2.38 1.33 
0-e shoots/m2 1.3 30.1 

Minia seed yield (t/ha) 2.52 
0ro-e ~ h o o t s / m 2  25.10 
Orobanche dry wt,  g/rn2 38.90 

Fayourn S e e d  yield (t/ha) 2.42 
oroban~he ~hoots/m2 9.80 
orobmche d q  shoots, g/m2 19.60 

Follow-up with farmers in  Behaira showed tha t  70% of the surveyed 

farmers thought adoption of the improved package would increase faba 

htxm production. 

Fesercher m q e d  on-farm t r i a l s  in Behaira a d  Minia focused on 

land preparation, planting methcds and sowing date. Plant population 

ard seed yields were higher and production costs lower in  the 'no 

t i l lage '  and 'reduced t i l lage '  (involving rotot i l l ing of previous 

seasons ridges, seed brcadcast, and again rototi l l ing t o  mver seed) as  

ccwpared t o  conventional t i l l age  system. Resear&er-mged t r i a l s  also 

identified faba bean gemtypes adapted for no-tillage sowing system. 
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Highliqhts of backup research are as follows: 

(a) Evaluation of eight hybrid bulk populations and two breeding lines 

with two standanl checks (Giza 3 arid Giza 402), under natural but 

gccd field infestation with chmlate spot and rust at Sakha and 

Nubaria research stations, indicated that two hybrid bulk 

populations, 714 and 717, were most pmnising and exceeded the 

check cultivar Giza 3 seed yield by 27.3 and 20.5%, respectively. 

(b) Of 27 F5 families derived from seven crosses for chccolate spot 

resistance, evaluated under natural field infection at Sakha arid 

Nubaria, as well as under mntrolled conditions, two lines were 

highly resistant and exeeded Giza 3 significantly in yield. 

(C) Of the chocolate spot resistant sources supplied by ICARDA as 

=IN, two lines (583081 and IIB 3035) were identified as 

promising. 

(d) In a nursery of 382 F3 families derived from 33 crosses evaluated 

for Orobanche resistance at Giza research station in a heavily 

infested field, 56 families were very prumising. Also 18 breeding 

lines were found to posses high level of resistance to Orobanche. 

(c) Ten Fg crosses, along with several F5 families derived fmm six 

crosses, were evaluated for aphid ( a s  craccivora) resistance at 

Sids research station under heavy natural infestation. lbaty-four 

individual F3 plants along with 11 F5 families were selected. 

(f) The m e t h d  for laboratory screening of faba bean for aphid 

resistance was standardised. Using this method, 600 BPL's and 192 

breeditq lines from Giza 402 were screened. Of these, seven lines 

(DL 3345, -3416, 3129, -3351, -3474, -3116, -3347) were found 
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highly resistant and 25 resistant. These will be re-screened. 

Pre-release multiplication of seed of four lines selected earlier 

fmn crosses involving chocolate spot resistance, as well as that of 

Reina Bl-, was done. These will soon be released for cultivation, 

bemuse their performnce has been consistently g d  over last several 

Y-. 

8.1.1.2. M 

The area under lentil had gone d m  after construction of lLswan high- 

dam, but there is again an increase because of increasing demand and 

high price of lentil in the nnrket. last year the area in Egypt under 

lentil was 8000 ha with an average yield of 1.9 t/ha. Recent efforts 

with lentil demonstration plots have encouraged farmers in the Celta 

region to produce the crop and the governorates of Sharkia and Kafr-El- 

Sheikh now contribute to nearly 50% of total area h e r  lentil in 

Egypt. 

On-fann dmnstration of imp- production package (one 

irrigation 3-4 weeks after sowing, weed control using Gesagard @2.5 

kg/ha as preemrgence herbicide, and control of d m y  mildew using 

Ridornil-Manwzeb 58 WP@ 250 g/100 1, three times at 10 day intervals) 

using Giza 9 cultivar sum in the first fortnight of November and 

fertilized with 35.7 kg N + 71.4 kg P20*, was done on 7 sites in 

Sharkia and 5 sites in Kafr El-Sheikh. Pphids were controlled by 

spraying Pirimor when necessary. The seed and straw yields in 
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aarr>nstration plots in Sharkia increased by 23.8% and 10.2%, 

respectively over the neighburhg fanoers yields. The increases in 

Icafr El-Sheikh were relatively smaller, being 20% and 6%, respectively. 

'Ihese increases were, hmever, econoinical . 

Researcher -ged on-farm trials shayed that using rutovator to 

carer seed broadcast on untilled soil after rice harvest resulted in 

better stand, increased yield and reduced cost of prcduction as 

campared to conventional tillage and seeding method. Studies on 

irrigation ad sowing method showed that broad-bed wing with two 

irrigations was better than ridge sowing with one or two irrigations. 

?he highli@ts of backup research were as follows: 

(a) E%ree3ing research helped in identify- 70 lines that out-yield 

the best check Giza 9. Of these 10 lines showed field resistance 

to aphids, 5 tolerance to water-lcgghg and 47 shawed gccd response 

to irrigation. 

(b) In the wilt-sick plot at Giza, 5 entries (H4/9/83, ILL 2490, ILL 

5748, FLIP 86-38L, and FLIP 87-16L) were rated resistant to wilt 

with a seedling mortality of less than 20%, out of a total of 110 

genotypes - 
(c) Aphid resistance screening in the laboratory revealed hi@ level of 

resistance in three lentil genotypes (ILL 1573, FLIP 84-26, FLIP 

86-64L). 

(d) Evaluation of several hdicides for the control of Orobnche in 

Giza 370 applied as pcst-emeqence 7 ad 11 weeks after s o w i g  
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revealed that Scepter and Pxsuit were very effective. (Wle 

8.1.2) . Scepter delayed the maturity of the crop by 18 days. 
(e) Screening of 60 accessions of lentil for Orobanche resistance at 

Giza revealed that H4/9/81, H10/8/81, line 6908, ILL 112 and 

H5/8/81 had 1u.i Orabanche infestation. Line 107, H4/8/81 and line 

318 also pmed prmisirg. 

Seed multiplication was done of Precoz and H5/6/81 lentil and 433 

and 35 kg seed, respectively was pro3.uced. Single plant selections 

were made in the two varieties for growing as progeny rows to pnxiuce 

breeders seed. 

Table 8.1.2. Effect of different herbicides on the control of Orobanche 
and seed yield of lentil at Giza, Egypt. 

Treatrent Rate Time of 0rotanche/~d Seed 
Herbicide a.i./ha appln. No. D r y w t  yield 

(9) (t/ha) 

=wter 10 2 1.75 0.98 1.333 
W i t  10 2 12.2 9.24 1.642 
Glyphosate 40 2 165.0 180.18 1.420 
Check - - 452.7 555.64 0.827 

8.1.1.3. olickpd 

chickpa is prrduced on nearly 13,000 ha in Egypt with an average yield 

of about 1.5 t/ha. There is smpe for the expansion of its cultivation 

in the newly reclaimed areas. 
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Fkxzrcher-ma~ged verification trials in Egypt indicated that 

three promising lines (L70, IU3 249, and FLTP 14-80C) out-yielded 

farmers' cultivar by 12 to 24% wer three locations with m b  yield 

advantage of 56% in Quina governorate. In Nubaria, ETJP 14-8K, Ill3 

249 and L 70 out yielded farmer's variety by 50%, 25% and 25%, 

respectively. 

The need for Rhizobim inoculation in chickpea was apparent at 

Quina where inoculation with ICARDA strain No. 39 increased seed yield 

by 68%. At Assuit, ICARaA strain No. 31 increased seed yield by 37%. 

Back-up research concentrated on identifying superior yielding, 

large seeded kabuli lines with resistance to root-rot and wilt. A 

crassing prcgram will be started in the 1990/91 season. 

8.1.2. Ethiopia 

Faba bean, lentil, chickpa and dry pea are the iqmrtant highland 

piLses in Ethiopia. They are valued as protein-rich fwd crop, and a 

source of valuable forage for animal. They also provide fuel and are 

used by farmers in their cropping systerrs to restore soil fertility. 

Resear& was carried out on all these four fwd legumes in the NVRP. 

8.1.2.1. Faba bean 

Pilot demonstration plots, using inproved cultivar (CS 20 DK), a seed 

rate of 200 @/ha, 100 kg W/ha and two hand weed*, had a sed 

yield rarqranging from 1.2 t/ha in Burksami to 2.9 t/ha at Scde giving a 
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yield advantage ranging fmm 0.6 to 1.8 t/ha with an overall mean 

advantage of 1.1 t/ha across locations. ?he partial budget analysis 

revealed that inproved package gave 40% mre net benefit than the 

fannersr practice and on the local mket price basis the margi~l rate 

of return on i n v m t  in the improved package was 284%. 

In the ppularization sites, where earlier demonstrations had been 

carried out and only seeds of improved genotype were given through the 

cooperatives, the yield of improved prduction m e t h d  ranged f m  1.6 

to 2.4 t/ha with a yield advantage ranging from 0.3 to 1.4 t/ha (0.7 

t/ha across all locations) over farmrs' practice. 

Wseanher-mged variety verification trial in West Gojam at 5 

sites using CS 20 DK, Iqida, Kasa, NC 58 and local check cdtivars 

shmed that improved cultivars out-yielded the local by a margin of 1.1 

t/ha. The net benefit for improved cultivars was almost double that of 

the local cultivar. 

Evaluation of faba bean prahction package on farmers fields in 

Alsi was done at five sites and included three factors of pduction 

(inproved cultivar CS20DK, 100 kg W / h a ,  and 2 hand weedings). ?he 

improved package gave an average yield advantage of 1.3 t/ha over the 

traditional practice and was economically highly advantageous. 

Verification trials on aphid control have been conduded over two 

years. Aphid wntrul through Pirimor and Actellic gave a seed yield 
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hxease of 32% and 16% respectively. A partial budget analysis 

revealed that Pirimor treatm=nt gave the highest net benefit of 1165 

Ethiopian Birr/ha followed by Actellic which gave 1121 E Bi?x/ha net 

benefit. 

Verification trials on weed control (hand weeding, use of 

p v e n c e  herbicide Terbutrym @2 kg a. i./ha, and canbination of the 

two) shaJed significant increases in yield with hard weeding at Wolmera 

and with ta-butryne + hard weeding at Debre Zeit wer the no-weeding 

treatment camon with farmers. The yield increases were 24.7% in 

Wolmera and 27.7% in Debre Zeit. T a h t r y n e  alone at Debre Zeit gave 

14% increase in yield. Econoiuic analysis indicated that the above weed 

control practices were highly economical. 

A survey of the adoption of the nnmmnded practices shaJed that 

the adoption of improved variety, hard weeding and fertilizer 

application by the 'hostf farmers 2 years after the demonstration was 

quite high. Seventy-seven percent of the host earners planted iqroved 

variety CS 20 DK in 1988 and 1989 crop season. More than 75% weeded 

their cmp at least once ard more than 46% applied DAP fertilizer. 

Hiwights of the backup resear& are given below: 

(a) In the National Variety Trial 75TA 26026-1-2-1 out yielded local 

best checks by significant margin giving a yield of 3.3 t/ha. 

(b) From the 109 entries received from ICARDA in five internatioml 

nurseries and four international yield trials and 162 local 
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collections received f m  FGFC/E, 243 single plants and 13 bulks 

were selected based on podding character, earliness and disease 

reaction. 

(c) Eiqhteen determinate and 3 segregating non-detexmhate plants and 

15 bulks were selected from the detennhate faba bean lines. R-can 

the IVS source, one single line and 8 bulks were selected. 

(d) Ethiopia, being a secondary center for faba bean domestication, has 

a large genetic variation in the llandraces. Their purification 

and development of pure lines was started in 1987. A total of 525 

lines have been advancd for the 4th  cycle of selfing in 1990 

season. 

(e) An off-season generation advance was attempted at Holetta and 

Nazret, but the attempts were not very successful because off- 

season at Holetta was 0001 and rainy delaying the crop maturity 

whereas Nazret was hot and dry and had high pest and disease 

incidence and flower akortion. Debre Zeit or Denbi stations will 

be tested next season. 

(f) Breder seed was produced on 14.3  and 2.5 ha respectively for CS 20 

DK and NC 58. 

(g) Survey on 33 fields in Shawa achimstration region showed that 

chocolate spot, black root-rot and rust were the most frequently 

occurring diseases. Chocolate spot was mre inportant on higher 

elevations and on Nitosols, and appa?xd at any stage of crop 

grawth. Rust was inp~rtant on lower altitudes and appared in the 

later part of crop gmwth. Black root-rot was camon at high 

altitudes on black clay soils. 



(h) Aimng 190 accessions tested for chomlate spot resistance, 3 were 

ixderately resistant (rating 4 on 1-9 scale) and 24 tolerant. From 

this 1st stage testing, 173 lines were selected and promoted for 

second stage testing in the 1990 season. In the stage I1 testing 

24 lines were moderately resistant, 68 tolerant. About 5 lines and 

5 single plant selections were made and pzwloted to stage I11 for 

testing in the 1990 season. In stage 111, 256 lines/single plants 

were tested. Of these 22 were resistant/ixderately resistant and 

were p m t e d  for yield trial after seed multiplication in the off- 

season. 

(i) Survey of field and storage pests of faba bean revealed that 

Helimverm armiaera (H.n.) was present in 13 out of 15 fields, 

three species of aphids ( m s  craccivora, _A fabae Scop. and 

AwrthosiDtaon a Harsis. occurred in small mmhrs,  and 

Callosob~~chus chinensis (L.) was present in most stores with 

hiqhest infestation level of 14% in Hama Gosha. FTimiphc6 methyl 

2% a.i. dust was effective in providing long protedion to seeds 

f m  bruchids in storage and better than hydra~en phosphide and 

noug (niger seed) oil. 

(j) A collection of 119 Wlizobium isolates has now been developed and 

of 77 of these tested for their infectivity and symbiotic 

efficiency, 23 were found to be superior. Field tests gave 

significant increases in yield by inoculation with superior strains 

including thase provided by I-. Studies in symbiotic N2- 

fixation, carried out in collaboration with IAEA using wheat as 

reference crops adopting N~~ technique, revealed that faba bean 
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fixed 110.5 kg N/ha without P fertilizer and 115.2 kg/ha with 60 kg 

P20+ at Holetta research station. 

(k) The protein content of faba bean genotypes included in the National 

Variety !Trial ranged f m  26.0-28.8%. The coo- time varied 

depending on the location: 13.4 to 25.7 m i n  for CS 20 DK and 11.2 

to 15.1 m i n  for NC 58. Level of K in the soil shmd a negative 

correlation with the cooking time. 

8.1.2.2. If3ki.l 

Work on lentil was mainly done at Debre Zeit. In the preliminaty yield 

trial of 17 test entries the yield was very low because of frost 

damage. Despite that NEL 358 gave good yield (700 kq-) and 

significantly out-yielded the check (500 kg-). NEL 358 has been 

namad as 'Chalo' by the f m r s  because of its good tolerance to mst 

of the biotic and abiotic stresses. 

Need for inoculation studies at Ginchi and Denbi showed that the 

local Rhizobium were quite effective. Laboratory test of 13 isolates 

of rhizabia revealed 6 to have superior infectivity on NEL 358 lentil. 

Of these, 3 were found to have better N2-fixation in the sterile 

hydroponic system. These will be testal in soil cores next season. 

8.1.2.3. chickpa 

Most of the chickpea grown in Ethiopia is of desi type and there is a 

gad collaboration of the ~tional scientists with ICRISAT. In the 

NVRP, only limited work was carried out during the 1989/90 season. At 
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Adet resear& station, 260 chickpea accessions earlier collected fmm 

Gojam and Gonder were evaluated in 1988/89 and 17 accessions seleded. 

lhese were again evaluated in a screening nursery in the 1989/90 

season. Eight accessions were selected based on earliness, dry root- 

rot resistance and yield. 

Fifty-two chickpa genotypes were tested in a preliminary yield 

trial at Adet. Fifteen accessions proved high yielding. Of these ICCL 

820049/85-DZ/5.2 gave the highest yield (3.1 t/ha) follawed by ICC 

14160 (2.9 t/ha) . 

Of 128 Rhizobium isolates collected from different chickpea 

growing areas, 33 were tested and 23 found infective and effective. 

Evaluation of N2-fixation efficiency in sterile hydroponic system 

revealed that 11 of these were superior. Need for inoculation studies 

in Girchi revealed that local population of Rhizobium there was q i t e  

effective. 

8.1.2.4. pea 

Dry pea is gmwn extensively in Ethiopia and the crop is used for both 

green pods and dry seeds. 'Ihe green stalks are used as feed for 

cattle. 

Evaluation of promising field pea lines in the national varietal 

trials (13 entries in Set 'A' for areas of >2400 m elevation; 12 

entries in Set 'B' for areas of 1800-2400 m elevation) revealed that 
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several test entries exeeded the check by a significant margin. 'Ihe 

highest yielding genotype in Set A was 061 K 2P2/92 giving 4.1 t/ha 

seed yield which w a s  followed by Pazvuss x Upton giving 3.9 t/ha and 

Kyondo giving 3.8 t/ha. ?he checks G 22763-2 C, NC 95 Haik, and local 

variety yielded 3.5, 3.6 and 3.0 t/ha respedively. The hiqtest 

location yields were from W o j  i (5.7 t/ha) follcwd by Lole (4.9 t/ha) 

and Sinana (3.9 t/ha) . In Set 'B' , the hiqhest yielding variety w a s  

305 PS 210572 (3.5 t/ha) and the highest location mean was from Asassa 

(5.0 t/ha). 

A total of 187 landraces and 23 gmtypes  from 1- were 

evaluated. A to ta l  of 147 single plant se ledions from land races and 

18 single plants and 9 bulks from ICNUi intro3uctions were selected. 

Eweeders seed of G22763-2C and FFexXlX were multiplied a t  Denbi 

and Holetta. 

A to ta l  of 140 aocessions were screened for resistance t o  pa 

aphid (Awrthosirhon p i sum)  a t  Kulun!sa under natural infestation. Only 

4 genotypes had low counts of aphid and tested resistant,  three were 

highly susceptible (>30 aphids/plant) , and r a i n i n g  were intermediate 

in their reaction. 

Biological ni tngen fixation studies, in collaboration with the 

IAEA using N~~ m k e d  nitrcgen fe r t i l i ze r  and barley as  reference crop, 

revealed that  dry pa crop fixed 115.8 kg N / h a  without P fe r t i l i ze r  
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application and 204.7 Kg N/ha when 60 kg P205 was applied at Holetta 

research station. 

8.1.3. SLldan 

?his was the second -n of the NVRP in Sudan carering faba bean, 

lentil and chi*. Work on faba bean was done both in the 

traditional as well as non-traditional (south of Xhartcxrm) areas 

whereas work on lentil and chickpa was mainly done in the Nile and 

Northern provinces. 

8.1.3.1. Faba bean 

On-farm demonstration plots were laid out in private schemes in mngla 

area in the Northern Province and in the Kali scheme in the Nile 

province. The package in bngla included newly released cultivar 

(SML), one hard weeding and control of insect pests by the use of 

Folimat, when necessary. The package in the Nile Province consisted of 

early sowing, optimum irrigation and control of insect pests. The 

demonstrations were highly successful as shown by the data in Table 

8.1.3. 

Highlights of back-up research are as follows: 

(a) EUlk 1/3 and BB7 gave an incrase of 23% and 19% wer the standard 

check (We& 72), respectively, in the Nile Province. 'Ihey also 

have better seed quality. 

(b) In the Northern provinoe, where medium-seeded types are gnx~n, 

line SML/4 gave seed yield i n c ~ s e  of 12% and 37% over the 
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stadan3 and local checks, respedively. 

(c) A genotype tolerant to mery mildew was identified. Seven out 

of 112 gmtypes tested at Shambat showed no virus or phyllaiy 

symp-- 

(d) For the non-traditional areas being newly b m t  under faba bean 

pro%ction, line 00104 showed consistently good perfo?nance and 

will soon be released. 

(e) Leaf-miner infestation in 1989/90 season started early and in a 

heavy form; h- g d  screening of the genotypes of faba bean was 

possible. Results showed that 24 of the 34 entries found 

resistant in the previous four seasons maintained acceptable 

resistance. 'Ihirty one new lines also had less than 20% 

infestation and will, therefore, be tested further. 

(f) The economic threshold studies on leaf-miner in the new areas 

confirmed that insecticide spray should be done when 25% of the 

leaflets were infested. Danitol S was the most effective 

insecticide. In the traditional growing areas of faba bsan 

Swdodera exiqera was the most inprtant pest and it could 

effectively be controlled by one or two sprays of Folimit 80 (2.25 

l/ha) during last November early Deoember. Pcd-borer (Helicovem 

armisera) damage was not hi@ this season but its control could be 

effectively obtained by a single spray of Bolstar (1.8 l/ha) in 

the 3rd week of February when egg hatching is at the peak. 

(g) At Aliab and Wad Hamid in the Nile Province, weeds reduced the 

seed yield of faba bean by 55% and 20%, respxtively. 'Ihe 

relationship between seed yield (y, t/ha) and weed dry weight (x, 



t/ha) was linear and negative at Aliab: ~3.098 - 1.385 x 

(~~=0.9). Fursuit (0.05 kg a. i./ha) alone or in mixture with ~ o a l  

(0.24 kg a.i./ha) applied as pre-emeqence application increased 

faba bean yield by 130 ard 170% over unheeded check yield of 1.16 

t/ha at Aliab. These herbicides were also very effective at Wad 

Table 8.1.3. Yield and econamics of faba bean prcduction in 
demonstration plots in -la (Northern Province) and Kali 
Scheme (Nile Province) in 1989/90. 

Location Particulars Demonstration Neighkmring Difference 
farmers farmers 

Dongla Yield (kg@) 2894 2127 767 
Price (=/kg) 7.81 7.81 - 
Gross benefit (=/ha) 22602 16612 5990 
Net benefit (=/ha) 12903 7482 5420 

Kali Yield (kg/ha) 2259 1600 659 
mice (w'w) 6.85 6.85 - 
Gross benefit (=/ha) 15472 10929 4513 
Net benefit (LS/ha)q 11134 7018 4116 

Is = Sudanese Lira; 12 IS= 1 US$. 

8.1.3.2. Lentil 

'Ihe Government of Sudan is aiming to reduce the import of lentils 

(currently 0.15 million tom) and eventually to become self 

sufficient in lentil production. In line with this policy an improved 

production package of lentil was demonstrated in Wad Hamid and R t h t a b  

areas of the Nile Province, as these are the potential areas for fit- 

lentil production. In Wad Hamid no lentil is currently gram by 

fanners; hence canprison was made with chickpea. 'Ihe net benefit 
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fmn lentil was LS 5488/ha against LS 3367/ha for chi- grown with 

@roved pmduction package and LS 2565/ha for chi- grmm with 

traditional methd. At Wtab, where fazmers grow lentil, the 

demonstration plots had an average seed yield increase of 33% over four 

sites as ocanpared to the yields obtained by neiqhlwurirq fanrers. 

Ba- research results are sunmrized below: 

(a) Mtil verification trial at Wtab showed that NEL 705 and 

Selaim were the hishest yielders. Precoz (ILL 4605) did not 

perform well. 

(b) Studies on seed rate shmd that 80-100 kg/ha was optimum for NEL 

795 lentil, and lower seed rates resulted in a significant 

reduction in yield. The crop did not respmd to application of N 

and P fertilizer, or to inoculation with Rhizobim. 

(c) Fusarim wilt (Fusarim ows1x,rum) was the most m n  disease on 

lentil, a l t h w  at some locations powdery mildew (ErvsiDhe 

polvsoni) was also noticed. NEL 795 showed gccd tolerance to wilt. 

(d) Survey of insect-pests in Wad Hamid and Wtab showed that 

3xdo1,tera exiqua was more inprtant in Wad Hamid and Helicovem 

armiqera in Wtab. Single spray of Folimet in November 

significantly reduced the infestation of 5. exiqua and a spray in 

February controlled the pxi borer effectively. 

(e) Weeds reduced lentil seed yield by 48% at -tab. Preenergence 

application of Gesaqard (1.5 kg a. i.m) without or with Kerb (0.5 

kg a.i.-) resulted in very god weed control and significant 

increase in yield over weedy check. These treatments were as 
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effective as the weed-free &e&. 

Both kabuli- and desi-type chickpea are grown in Sudan. Wad Hamid is 

an i npr tan t  chickpa production area and there is also scope for 

m i n g  the production in FUbtab. Damnstration plots were laid crut 

at 12 sites in Wad Hamid and six sites in I<uzgus area in -tab using 

the improved cultivar (Shendi), a seed rate of 60 kg/ha sown broadcast 

followed by ridging in mid Novenhz. m e  demonstration crop was 

protected f m  insect-pests by spraying once and in same cases two 

times. Yields were conpred with neightouring fanners. The results, 

pre33ted in Table 8.1.4., showed that yield increased by 23.8% in Wad 

Hamid and 42% in Rubatab with the package used in denonstration. The 

application of the package was hiqhly profitable. The sensitivity 

analysis, using lower product price or h i m  package costs, showed 

high stability. 

Table 8.1.4. Yield and economics of chickpea production in 
demonstration plots in Wad Hamid and Fahatab area (Nile 
Province) in 1989/90. 

IPcation Particulars Demonstration Neiqfhuring Difference 
farmers farmers 

Wad Hamid Yield (kg/ha) 1579 1275 304 

mice (LS/WE9) 6.67 6.67 - 
Gross benefit (=/ha) 10533 8504 2028 
Net benefit (=/ha) 3367 2565 802 

Rubatab Seed yield (@/ha) 1940 1369 571 
mice (IS/kg) 6.34 6.34 
Gross benefit (LS/ha) 12300 8679 3621 
Net benefit (=/ha) 3260 2168 1092 
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Highlights of the backup reseazrh are as foll~: 

(a) In the Chickpa Advanced Yield Trial at Hudeiba, ILC 1327, ILC 

1631, ILC 1353 and Shdi were higher yielding than the laal, 

althouqh they had nearly the same phenology. In the Olickpza 

Freliminazy Yield Trial, also at Hudeiba, ILC 1687, -2694, -2824,- 

2825, -2875, -2877, -2904 and Shendi perfonrsd well. These lines 

will be evaluated in the advanced yield trial next season. 

(b) Seed rate studies shoed that 60 kq/ha was optimum for Shendi. 

Ridge vs. flat planting had no effect on yield at both Hudeiba and 

Rubtab. More frequent irrigation during the reproductive pericd 

(lo day interval) and longer irrigation interval in the vegetative 

phase (20 days interval) was a better water management schedule 

than 10 day or 20 day schedule throughout the season at Rubatab, 

whereas at Hudeiba the 10 day schedule throughout was the best 

(Table 8.1.5) . 

Table 8.1.5. Effect of different irrigation schedules on the seed yield 
of chickpa at Hudeiba and -tab. 

Irriaation inkma1 (davs) 
Vfgetative Reprcductive 
Fhase phase 

Seed vield (ks/ha) 
rmdeiba Rubatab 

10 10 2310 1751 
20 10 2096 1985 
10 20 1376 1633 
20 20 1153 1645 

S.E. - + 116.5 
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(c) Fusarium wilt, dry root-rot and stunt virus diseases were obsezved 

on chickpa at Hudeiba and Fabatab. T h e  incidence of wilt was 

higher in flat sowing than ridge sowing at Fakatab. A wilt-sick 

plot is being developed. Cctober-sown crop had higher disease 

incidence than late N o v e n k e r  sown crop. 

(d) Need for inoculation with Rhizobium was apparent at Wad Hamid where 

application of nitrqen fertilizer and inoculation resulted in a 

significant and similar increase in the seed yield. At -tab 

and Hudeiba, there was no need for inoculation. 

(e) Soodo~tera was a severe insed pest at Wad Hamid and 

Helicovm anniqera at Rubatab, with re~peCtive infestation levels 

reaching 82% and 42% on farmers fields. These could be effectively 

controlled by spraying Folht. 

(f) Bruchidus incamatus was min store pest in Shendi area and at 

Eudeiba resemh station Traqod- aranarum w a s  also found to 

af fed the chickpea in storage. 

(g) Weeds reduced seed yield by 18% at Hudeiba and 30% at R u h t a b .  

Hand weeding was better than chemical weed control. 

8.2. North AfricanFteqicmal Program 

Ihe North African Regional Program has received special attention since 

1981 when a fed legume scientist was placed in the region. This was 

done because of the need for decentralization of crop hprovemmt 

efforts to meet the specific adaptation requirements of this regirm. 

Also, the national programs needed stronger technical support for 

m i n g  their own resear& which had received little attention in the 
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past. Up t o  the middle of 1986 the ICARDA Legume scientist  was located 

in Tunisia and since then he has been operating from M o m .  His 

major function has been to  strengthen crop i n p r o v m t  research efforts 

a t  national and regional levels, m u r a g e  networking, w d e  the 

capacity in the national prwpms for research thraqh training a d  

participation in various professional activit ies,  and assist the base 

pmgram by a n d h a t i n g  regional efforts and providing necessary feed 

back. Detailed reports of the research work done during 1989/90 w i l l  

be presented i n  the individual country reports. Only m j o r  highliqhts 

are reported here. 

8.2.1. Prwisian of Trials and Nurseries to tbe Natianal Pmgmm in 

lJorl31 Africa 

Relevant germplasm of faba bean, chickpea, l en t i l  and pea was provided 

t o  the national prograns in the form of interrational t r i a l s  and 

nurseries, detai ls  of which are sumarised in Table 8.2.1. These 

trials amplemented the national and regional t r i a l s  that  w e r e  

developed in collaboration with the national programs. 

8.2.2. A c h i e  in Algeria 

Cooperative research on foal legumes in Algeria m e r e d  faba bean, 

chidpa, len t i l ,  and pea, and w a s  conducted a t  several stations of 

ITGC with major coordination efforts a t  Sidi Be1 Abbes. 



Table 8.2.1. Mrmher of yield trials, screeni?g nurseries, segregating 
population nurseries and agromc trials provided to the 
national programs in North Africa, F= faba bean, O 
chickpea, and ZF lentil. 

Mmber of trials/museries 
Yield trials Nurseries m a t i n s  ~ M I W  

dafions- 
F C L  F C L  F  C L F C L  

Algeria 2 19 17 2 5 1 1  2 13 8 1 6  3 

Libya - 3 3 - 3 1  2 2 -  1 5 -  

Tunisia 2 14 7 2 1 2 1 4  9 9 3 - - -  

8.2.2.1. ~%I&I bean 

Work on faba bean was minly done at Tessala. In the faba bean 

preliminary screening nursery - determinate (FBPSN-kt-1990) a total of 

111 accessions were evaluated and f m  these 13 w e r e  selected. Several 

of these accessions gave 2-3 t i m e s  as mch yield as the standard checks 

Aquadulce, New Mamoth and @mantine. m e  selections that 

particularly perfom& well were D32243-39-2, D85172-23-1-2, D35025-13- 

1-1. Tnere was a severe epiphytotic of rust in this nursery and these 

selections shmed excellent resistance. 

In the preliminary screening nurseries for chocolate spot ard 

?scc&yta blight large number of lines gave significantly better 
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performnce than the stadad checks. Selection nos. S84155.18.1.1.1. 

~ S84176.91.2.1.1. in FBFSN-AB and selection nos. S84085.12.2.2.1. 

and 584122.4.1.1.1. in FBPSN-Ei3T gave almost 2 times as much yield as 

the standard checks. A total of 13 and 17 lines were selected fran 

each of these nurseries, respectively. 

In the preliminary yield trial F'LIP-82-28E3, ILB 1812 and FLLP 82- 

30FB were prcunising. In the North African Regional Yield Trial-Large 

seed (FENAEYT-L) '?LIP 86-35FB, FLIP 84-128 FB and FLIP-87-137 W 

shawed very god performme. In the North African Regional Yield 

Rial-Small Seed (FBNAEYT-S) FLIP86-86 FB, FLIP83-106 FB and 76TA 

56267 showed excellent performance. 

8.2.2.2. Dry Wa 

In the Pea Adaptation Trial (PIAT-1990) conducted at Tasella, Ballet, 

P.S. 210713, and S.V. 51741 were significantly better yielding than the 

local check SBA 184. 

8.2.2.3. Chickpa 

Work on chickpa was carried out at Tessala (Zone I), Station (Zone2) 

and Zidene (Zone 3) with the long term rainfall average of 450, 395, 

and 390 nun, respedively. The rainfall during 1989/90 was 282.2, 326.9 

and 277 nun respedively. 

In the evaluation of 43 gemplasm lines from north Africa at 

Station, 14 lines were selected based on disease reaction and yield, in 
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which ILC 482 was the highest yielder. 

In the CIAE!N consisting of 40 entries, 9 lines had a disease 

d o n  rating of 4 (on 1-9 scale), whereas the susceptible check had 

a smre of 9. In the national prcgram nursery on Ascc&yb blight 7 

lines were identified to have a rating of 4. 'Ihese selections will be 

tested further in the laboratory. In the q-nursery of Ascc&yta 

blight resistant crosses, 14 selections were made to produce F4 

generation. 

In the CIYT-W-MR at Tessala several lines yielded significantly 

higher than ILC 3279 (2.99 t/ha) which saved as the best check. 'Ihese 

included FLIP 84-15C, E'LIP 86-2C, IU3 482, E'LIP 86-42C and FLIP 85-5C. 

In the CIYT-SP at the same station the mean seed yield was 486 kg/ha 

only and IIC 482 with yield of 830 kg/ha was the best yielder. In 

other trials FLIP 84-72C, 84-8C and 84-181C pmed superior in winter. 

FLIP 84-72C shmed resistance to Asmxhyta blight. In the 

multilocation test for the 1st year FLIP 84-60C proved pdsing. FLIP 

83-98C was resistant to Asmxhyta bliat and showed good p e r f o ~ ~ ~ ~ ~  in 

the multi-location testing for the second year. 

In the national yield trial for winter at Tessala, ILC 482 was 

highest yielder followed by line f m  cross FLIP 84-158C x 811H 484/ILC 

2959 both of which yielded more than 4t/ha as against 3.6t/ha given by 

IU3 3279 (best check) . 
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In the North African Winter olickpza Yield Trial at Tessala FLIP 

83-71C was best (3.3 t/ha seed yield) and significantly better than 

inpmed check ILC 3279 (seed yield 2.49 t/ha). 

Seed of FLIP 81-57W and FLIP 81-293 C were nailtiplied for release 

in Western Algeria. 

Collaboration was initiated amng m;C, ItQ and ICARDA to develop 

chickpa disease work on A%c&yta blimt and Fusarium wilt. Screening 

facilities were developed at Sidi-Bel-Abbes for Ascochyta blight in the 

field and laboratory facilities were developed at Gueh for wilt 

~ i n y .  

fanonstration of winter sowing of chickpza continued and seed of 

ILC 3279 have been multiplied on more than 300 ha to satisfy the seed 

demand of farmers. 

8.2.2.4. Lentil 

In the evaluation of North African Germplasm L.V. 153A and L.V. 151 

prwed superior entries; both originated from M o m .  78826002 also 

gave high yield. Of 45 accessions tested in this nursery 14 selections 

w e r e  made for further evaluation. 

In the UYT-E at Station, FLIP 87-75L, FLIP 88-39L and line 162 

anl Fam 370 proved superior, and had same maturity as Syrie 229 (hest 

local check). In the LlYT-L which was conducted at Tessala, Station 
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arrl Zidene locations, FLIP 88-llL and 81 S382326 were significantly 

superior to inproved checks (ILL 4400 and Syrie 229) across the 

locations. FLIP 88-8L, FLIP 85-35L, FLIP 87-16L and Idleb 1 did well 

at Tessala. 

In the preliminary yield trials A & B at Zid.ene and Tessala 

respectively, 40 entries were tested, of which 20 were high yielding 

and 12 yielded significantly higher than the best check. 'Ihese 

included: FLIP84-144L, 87-49L, 89-lL, 84-51L and 85-331, besides IIL 

4400 in 'A' trial. These will go for multi-location testing in the 

1990/91 season. 

In the multilocation yield trial for 2nd year, Balkan 755, Nel 468 

and LS6 were higher yielding besides ILZ, 5582 and IIL 5700. These will 

be p k e d  for verification trial. 

In the verification trial mnduded at Tessala Station and Zidene, 

line 310C X &ton SPA 1 mnsistently yielded highest and will be used 

for pre-release multiplication and demonstration in 1990/91. 

In the North Africa Elite Yield trial (m), in which 13 

entries contributed by the North African national programs were 

evaluated, Ouslatia, IIL 4606, FLIP 84-103L entered by Tunisia and FLIP 

87-192L, FLIP 86-162L, NYLOU, FLIP 87-22L entered by Mo- Were 

significantly better than the Algerian entries. The respmsibility of 

ccordinating this trial was with Algerian national program. 
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Seeds of FLIP 86-20L were miltiplied for release in Eastern 

Algeria. 

8.2.3. Bchiewmmh in Libya 

Food legume program in Libya is ccanparatively new and, therefore, 

sml l .  IXlring this season, which reaeived suboptimal rainfall ,  trials 

were anxiucted a t  four locations, Tajura, and Zahra (western region), 

U t a  (central region), and El-Safsaf (eastern region) stations. 

'Ihe dry season encaraged rmt-rot/wilt diseases in chickpa and a high 

prevalence of virus diseases (bean yellow mosaic and bean leaf ro l l )  i n  

faba bean i n  w e s t e r n  part and Asachyta bliqht in chickpa i n  eastern 

part. Rus t  on faba bean and Wery mildew on pea w a s  common. 

Nodulation of the crop as generally por. 

8.2.3.1. Faba bean 

Five t r i a l s  were oorducted. In the FBICSN-90 17 entries were tested a t  

Tajura under natural c h m l a t e  spot infestation and ILB 3026 and Rebaya 

40 were selected for further evaluation. The disease infestation was  

not very him. In  the FBISN-DT-90 36 determinate faba bean lines w e r e  

evaluated a t  Tajura and Zabra. Bean yellow mosaic and rust were 

present a t  Tajura where FLIP 86-119FB performed best, yielding 2.6 

t .  Bean ye l lm nrsaic, chocolate spot and alternaria leaf spot were 

wide spread in Zahra reducing the yield. O w  of the two check l ines 

(IIB 1814) yielded himest (1.8 t /ha).  I n  the FBAW-90 a t  El-Safsaf 

IIB 1814 ,-7954, FLIP 82-54, Gemini, Reina B l a n c a  and Turkish local 

performed w e l l .  
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Weeds are a serious problem in faba bean in Libya. merefore 

FWEC-90 was conducted at Zahra ard Misurata. Pre-emq- 

application of cyanazine (Fortrol) + pronamide (Kerb) @0.5 kg a.i./ha 

or post-emq- application of dinoseb acetate + fluazifob butyl 

(Fusilade) @1.0 and 0.5 kg a.i./ha, gave excellent weed control and 

were at par with --free check. Cyanazine + pro~mide cabination 

also pmved its efficiency at Kusurata. 

Study on sawing dates (15 C c t ,  1 Nw, 15 N w  and 1 Dec) and row 

spacing to vary plant population (30, 60 and 90 can) at Zahra showed 

that 15 C c t  and 1 N w  were the best dates and a plant population of 

22.2 plants/m2 (30 an row spacing) was optimum. 

8.2.3.2. 

Seven trials were cotduded. In the CIAFN-A-90 at Tajura, no Asmchyta 

blight developed, but root-rot and wilt, stunt virus and root lesion 

nemtode (Pratvlenchus spp. ) were observed. Ndulation was poor. 

olickpa interratiom1 screening nursery (CISN+90) was grown at 

Zahra having 30 entries. FLIP 88-26C and FLIP 88-llC, which yielded 

1.2 and 0.91t/ha against 0.68 t/ha yield of local check were selected. 

In the chickpa internatioml yield trial for southerxly latitudes 

(CIYT-SL90) q m  at El-Safsaf, A x m h y t a  blight developed, and six 

entries with a disease rating of 5 or less on 1-9 scale were selected. 

'Ihese included ILC 482-147, FLIP 87-43C, FLIP 87-432, FLIP 87-48C, FLXP 

87-532, F'LTP 87-89C. In an advanced yield trial of entries from North 
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Africa gram a t  El-safsaf a l l  s h d  high susceptibility t o  m y t a  

blight. 

In the (;WClT-90 conducted a t  El-Safsaf, Igran as a p-enOe 

herbicide pmed  effective. It, however, could not control sp. 

effectively. ?he t r i a l  w a s  damaged by A s a x h y t a  blight. 

w i m e n t  a t  Zahra on need for inoculation revealed that 

inoculation with an effective strain of Rhizobim was necessary. A t  

Tajura  also the same was the case. 

8.2.3.3. Ikmtil. 

Only two experhenti were conducted a t  El-Safsaf station. In the 

13kT-E-90 a l l  the entries were free from any disease and several 

selections were made. In IAYT-90, comprising lines f& prmnising in 

North Africa, four entries (785 260002, FLIP 84-76L, FLIP 84-81L and 

F'LIP 84-148L) w e r e  found prcanisbg. 

8.2.3.4. DLY R?a 

m t y - f o u r  entries w e r e  evaluated i n  the PIAT-90 a t  Tajura. 'Ihe 

experiment was damaged because of birds and powdery mildew and 

therefore no yields were obtained. 

8.2.4. Achievamks in lkxuxn 

8.2.4.1. Faba bean 

Saoe of the results have already been presented in the faba bean 
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section (Section 4) earlier. Fifty faba bean advanced lines were 

identified as Orobanche resistant and hiqher yielding as capred to 

the best local check Aquadulce. m e  yield of scane of these lines 

ranged from 2.8-5.0 t/ha compared to only 0.9-1.1 t/ha for Aquadulce. 

'Ihe results of testing three of these lines at muyet and two farmers' 

fields damnstrated that the use of genetic resistance to control 

Orobanche could at least triple faba bean yield as campared to the 

yield of local land races. Seeds of these lines is being multiplied in 

insect-proof cages to run more extensive on-farm trials in the coming 

season. 

More than 1000 single plant selections were made in faba bean 

segregating progenies under artificially induced epiphytotics in 

Meknes, for resistance to chocolate spot, Axmhyta blight and rust. 

A total of 200 bulks for yield testing and about 1000 single plant 

selections were made at w e t  in faba bean segregating populations 

previously selected for disease resistance. Selections were mde for 

yield and seed size ccxnbined with closed flower, determinate and IVS 

characters. 

Moroccan national program coordinated the Regional North African 

Elite Yield Trial on faba bean. Screening for resistance to stem 

mtcde.s in collaboration with Univ. Hassan I1 resulted in 

identification of pramising lines. 
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Disease survey of faba bean revealed that chomlate spot, 

Orobanche, stem - W e  and BIR virus were the most important yield 

constraints in that order. 

Studies on -M control in faba bean confirmed that seed 

treabnent of faba bean with Proret @25 ml/kg seed was very effective 

in controlling the nodule damage. 

8.2.4.2. chi- 

'Ihere was a severe epiphytotic of Asccchyta blight in major chickpa 

grcwing areas in M o r m w  in 1988/89 and ILC 482 was severely dan!aged 

because of this epiphytntic. ILC 195 could, hmever, withstand the 

disease better. These two cultivars were released for winter sowirq in 

the central-them dry areas in 1987. H- new genotypes were 

htrduced in the catalogue trials an3 they included FLLP 83-47C, 83- 

48C and 84-92C because of high and broad-based resistance to Asczchyta 

blight. Line FLJP 83-47C had very hi* resistaxe to Asccchyta blight 

in 1989/90 at 5 different locations including the Merchouch site which 

had the most virulent isolate of the pathogen. 

New recormnenrlations for catalogue trials based on disease reaction 

in 1989/90 season include FLIP 84-79C and FLIP 84-93C. Seed 

multiplication of these lines has been started. The first cycle 

started in the summer season at Annaceur. 

Disease survey revealed that kcrx&yta blight, root-rot and wilt, 
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and root-lesion nematodes are the most inportant pathogens, in that 

order. Work on pathqenic variability in Asccchyta bligfit in 

collabomtion with INRA, ENA, W4mes and Faculty of Science of 

Marrakech was strer@hened and results confirmed that Wrchoud~ isolate 

was most virulent. 

In screening chickpa germplasm for tolerance to 1-f miner, lines 

I 5594, 5600, 5655 and 5901 and FLIP 84-92C proved their 

resistance/tolerane, with the last two lines having high level of 

resistance. 

Studies on need for inoculation revealed that inoculation with 

effective strains of Rhizobium was necessary in the non-traditional 

production areas. Soil core studies have been started to map the 

presence of effective Rhizobium strains for non-traditional areas. 

Studies on symbiotic nitrogen fixation using 15N technique to quantify 

the effect of season of sowing and inomation and the residual effect 

of these treatments on the nitrogen nutrition of subsequent wheat crop 

were started. 

On-farm demonstration of winter chi* was continued with 

DVP/DVRA on 50 farm using ILC 195. winter wing  was inpressive 

again giving yields of up to 3.5 t/ha. 

The winter chickpa adoption study in Morocco, initiated in 

1988/89 season with Dm, IMlA and 1- (FLIP & m), was continued 



299 

during the 1989/90 season. m e  feed-back obtained in 1988/89 helped in 

planning the research strategy for the 1989/90 season. mu. the lines 

of chickpa included in the catalogue trial had better seed size than 

ILC 195 and ILL: 482 and had better Asaxhyta blight resistance as 

desired by the farmers. SBed rrmltiplication was strengthened to remove 

the bottleneck of seed shortage. Work on w e d  management was 

increased. A training cour;e was oryanised for the extension worker; 

with WP to make them better familiar with the winter sowing 

technolcqy. 

8.2.4.3. Lentil 

Because of its resistance to rust, ILL 4605 was released in Morocco in 

1989. It had high yield, early maturity and good seed size and making 

quality. Also two Moroccan lines, L24 and L56 were released because of 

good seed quality and specific adaptation to the lentil growing areas 

in M o r n .  Three lines, ILL 6002, 6209 and 6212, which were in pre- 

release catalogue trial, were found to maintain their rust resistance 

for the third consecutive year of rust epidemic. meir yield ranged 

fm 2.5 to 3.0 t/ha as cmpred to a yield of 0.3 t/ha for the best 

laal entry Nylon under the rust epidemic of 1989/90. A new rust 

resistant line ILL 6001 is being remmerded for the catalcque trial in 

1990/91. Line 78s 26002 is king considered for release because of its 

gccd general performnce and canopy architecture. 

Weed control studies have shown that Tribunil @2 kg a.i./ha with 

Kerb @0.5 kg a.i./ha as pre-eneqence application is an effective 
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herbicide treatment of weeds in lentil. ganazin @0.5 kg a.i./ha as a 

pre-emqence application is also effective. 

Disease survey confirmed that wilt and rust were the two n ~ ~ t  

important diseases, with rust being particularly more important in the 

last 3 seasons. 

Verification trials were started this year on lentil with 5 

prcnnising lines. Mechanization of scswing and harvesting was 

demnstration to the farmers. It is pmposed to start a sociceconomic 

d x d y  in collaboration with DVP to monitor adoption of new cultivars 

and production technology and to get the feed-back from farmers on the 

problems that they are facing. 

8.2.5. Ad&vaents in Tunisia 

'Ihe development of research on food legumes in Tunisia is exemplary. 

INF#Q has taken lead in establishing a multi-disciplinary, multi- 

institutional network of legume scientists at the national level. It 

has also contributed substantially to the North African Regional 

Program on food legumes and taken up regional leadership in the 

Ascmhyta blight and root-rot/wilt deceases of chickpa. Wing 

1989/90, research was carried out at Beja, Oued Meliz and Le Kef. 2he 

season was exceptionally dry and only 605; of the long term average 

rainfall was received. This adversely affected the yields of all the 

food legumes. Wilt was observed as a major problem in chickpa at 

several areas and rust infestation was severe in faba bean and lentil. 
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Also downy mildew was recorded at Eeja and a new type of orobmhe 

with red fl- was w e d  at research station and farmer;' fields 

in Beja and Bou Salem. Stem namtcde in faba bean and rCOt-leSi0n 

nematode in chickpa were o k ~ ~ ~ ~ e d .  In Eeja and Cap Eon areas faha 

bean was affected by stem-borer (w alqirus) . 

8.2.5.1. Paba bean 

Results over last six years confirmed the superiority of R e h  Bl- 

(IIB 1270) over the local check, with an average yield advantage of 9%. 

In the last three dry seasons, three large seeded selections S 82113-8, 

S 82033-3, and 805 80028 gave a 18-208 yield increase over checks. 

Amongst the small seeded entries, FLIP 83-106B was superior to check by 

a margin of 8% aver last three years. 

Fifty single plant selections were rrade for agronomic traits from 

F5 and F6 segregating mations for further evaluation in the 1990/91 

season. For chccolate spot resistance, lines B8811, EX3822 and EX38140 

f m  FBIACSN-90 and M82009-36-1, M82009-36-3, M82009-37 and 583075-7 

f m  F5 and F6 ~egregating populations were identified. For Asaxzhyta 

blight resistance lines A8817, A88304, A8835 from FBIABN-90 and M82009- 

46, S38108-28, 586107 and 586111 from F5 and F6 segregating populations 

were identified. Entries in FBICSN-90 and FBIABN-90 were tested both 

in field as well as in laboratory (detached leaf technique). 

8.2.5.2. &&pa 

A nunber of chickpea lines out yielded the local check at the three 
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locations - Beja, Oued Meliz and Le Kef. In general, the newly 

released varieties performed well. However, Cketoui (ID2 3279) 

suffered f m  drought. TWO chickpa lines FTJP 84-92C and FTJP 84-79C 

continued to perform better than the checks. 

Materials with large seed, gccd resistance to Asmchyta blight, 

better yield and tall stature suitable for mechanical harvest have been 

identified. Also a nmbr of progenies (FdF7)  have been selected for 

dual resistance to wilt and Ascahyta blight, better yield and erect 

grawth habit. Hodever, their seed size and earliness need to be 

*roved. 

A new rating scale for Asmchyta blight using linear infection 

index proved mre appropriate than 1-9 scale for genetic studies on 

Ascuchyta blight. Work was initiated to explore the possibility of 

using the pathogen toxins for screening chickpa for wilt disease. 

Results on sowing date and chic- geno- with different wilt 

reactions showed that gccd resistance to wilt late in the season was 

necessary to get full advantage of early sowing. 

Four tons of seed of Amloun-1 chickpa were produced for farmers 

who continue to grm chic- in the wilt-infested fiel3s. Lines FLIP 

83-47C and m P  84-92C were in pre-release multiplication as dual 

season (winter and spring) cultivars. 
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8.2.5.3. Ientil 

Lentil shmmzl its adaptation to m t y  wrdition by showing good 

perfo?xkmce in this dry season at Le Kef with yield level of 2.45 t/ha 

with m;[P 88-51L. Results of 1989/90 confirmed those of previcus 

years' that lentil should be popilarized in the drier areas of the 

northern part of the country. Lentil line 785 26002 confirmed its 

superiority across locations and is being considered for release to 

fanners. 

Results of limited sumeys iTldicated that seed size was not a 

major factor in consumer preference. Small seeded lentils were 

consun& in the central and southern parts of the country. 

8.2.5.4. A q w n r y  and on-farm trials 

Weeds in all the food legumes caused considerable seed yield losses 

(upto 90%). Two hand wedings provided good weed control. Results of 

on-farm trials shmd the superiority of this treatment over the 

farmer's practice of using an animal drawn cultivator. 

Early sawing of chickpa, faba bean and lentil combined with 

hiqher plant density and weed control almost doubled the seed yield of 

these crops over the farmer's practice in the on-farm trials, Among 

the new lentil varieties, ILL 4606 performed best pmviding 30% yield 

advantage over the farmer's check variety. In chickpa, Kessab (FLIP 

83-46C) am3 EUP 84-92C performed exceptionally well in both winter and 

spring smirq in the on-farm trials. 



T h e  purpose of training is to develop or enhane the technical 

capabilities of NARS scientists and their support staff. It also aims 

at s ~ e n i n g  networking and to assist in transfer of technologies. 

Table 1 sunmarizes the activities undertaken by F'LLP during 1990 to 

meet the akme objectives. lhis was done in some cases in 

collaboration with NARSs and other ICARDA programs. A total of 242 

participants received training in the @roveme& of lentil, kabuli 

chickpea and faba bean (Table 9.1.1) . 

9.1. (;roup n ' ' j at 1- 

Details of group training are swrmarizd in Table 9.1.2. 

9.1.1. Fbod I e y w  Widential Oxlrse 

The annual long term residential course, 1 March-30 June, 1990, was 

attended by 15 participants from 12 countries. The course covered 

general aspects of @rw-t of fccd legumes with emphasis on 

developing practical skills. Instruction in the field, laboratory or 

plastic house was given by a multidisciplinary team of legume 

scientists. The trainees were also expsed to systems appmches in 

crop improvement research. Individualized attention was given to cover 

mnplemmtary topics such as planning of experiments, amputerized and 

manual analysis of data, data interpretation, and report writing. 



Table 9.1.1. Surmnary of training activities in 1990. 

T y p  of Training Participants Represented 
countries 

I. Traininq at Alem 
1. G r o u p  Courses 

1.1. Residential 
1.2. Insect Control 
1.3. Biology & Control of O r o ~ e  
1.4. Breeding Methodologies 
1.5. Vimlcqy 
1.6. Biotechnology 

2. Individual N o n - m  

3. Graduate Research 

11. Inmuntrv Trainirw Course 
1. Faba Bean Inprovement, Morocco 
2. Field Inspection of Diseases 

in Seed Multiplication, Algeria 
3. Lentil Hazvest Mechanization, 

Jordan 
4. Agronomy of winter chic-, 

M?xcco 
5. Breeding Methodolqy, Wkey 
6. Focd Legume Impmement, Iran 



Table 9.1.2. Fa.rticipation in gmup training. 

!Type of training Countries Participants 

Residential 
Food Legume Improvement Algeria, Bangladesh, China 15 

??mador, Ethiopia, Lebanon, 
Libya, Morocco, cknan Pakistan, 
Sudan, Syria, Turkey 

Short Cour;es at Ale- 
Insect Control -, Ethiopia, Libya, Morocco  12 

Sudan, Syria, Tunisia, Turkey, 
U.A.E., Yemen 

Biology & Control of Algeria, Egypt, Ethiopia, M o m  10 
Orcbnche Spain, Syria, Tunisia, Turkey 

Breeding Methodologies Algeria, Bangladesh, Egypt, 14 
of Food & Feed Legumes Ethiopia, Jordan, Libya, Mexico, 

M o m ,  Pakistan, Sudan, Syria, 
Yemen. 

Virus Diseases of Food Algeria, Ecuador, Ethiopia 9 

m Lebanon, M o m ,  Sudan, 
Syria, Tunisia 

Application of Biotech- China, Fqpt, Jordan, Kuwait, 11 
nolcqy in Food Legumes Lebanon, Syria, Tunisia, Turkey, 

Yemen 

Short Cows=-In-comtry 
Faba Bean Ilnprovement, Algeria, Colombia, F;gypt, 14 
Morocco Libya, Morocco, Peru, Tunisia 

Field Inspedion of Algeria, Libya, Morocco 15 
Food Diseases in Tunisia 
Seed Multiplication, Algeria 

Lentil Harvest Iraq, Jordan, Lebanon, Morocco 16 
Mechanization, Jordan Syria, Tunisia, Turkey 

Agronomy of Winter Algeria, Frame, 
Chickpea, Morocco  M o m ,  Tunisia 

Breeding Methodologies Turkey 
of ~ c c d  JXqmes, Turkey 

Food Legume Impruvement, Iran 
Iran 
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9.1.2. InseA Ccntrol (burse 

Food legume crops are attacked by many insect pests which result in 

sizable yield reiuction and post harvest losses. 'Ihe same applies for 

cereal crops as well. Realism the need of NARSs for str-ening 

the research skills in this field, the Cereals and Food Legume 

Inprw-t Prcgmms conducted a joint training c~lrse on "Illsect 

Cwltrol in Fmd kqmx?s and Cereals", 19-8 April, 1990 at Aleppo. The 

ccurse mered topics such as sampling and identification of insects 

ard monitoring of insect populations, colledion of insects, screening 

for host plant resistance, use of pesticides, and application of 

biological control. 'Ihe course will continue to be offered in the 

future with increased time allocated for practical skills such as 

planning of experiments. 

9.1.3. Biology an3 -1 of 

T h e  parasitic weed Orokanche represents a major constraint to the 

pruduction of faba bean, lentil, chic!qxa, peas and forage legumes in 

the Mediterranean region with yield losses ranging from 5 and 100%. 

Ihe difficulty to control this pest is related to the biology of the 

parasite. To strengthen the research skills of NARSs in this field 

the course on "Biology and Control of Orobanche" was conduct& 10-19 

April 1990, at Alepp. The course was attended by 10 participants from 

7 countries and covered general and specific biology of parasitic 

weeds, crop damage and economic inprtanae, control measures (cultural, 

chemical, biological and physical), assessment of control effects in 

various crops, application of herbicides, germinability and viability 
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tests on odmxhe seeds. 

9.1.4. ~ l o g i e s  of Fmd d Feed L~UIIES 

'Ib pmmte scxlnd strategies and strerqthen the mtwork of collaborators 

in the ii-proveriient of legume gemplasm, a training course on llBreeding 

Methodologies of Fccd and Feed Legumes" was conducted 6-17 May, 1990 at 

A l e p p  jointly with PFLp. The course was attended by 14 participants 

f m  12 countries and covered topics such as quantitative genetics as 

applied to plant breeding, plant genetic resources, breeding methods, 

mtation breeding, cytcgenetic methods, breeding for resistance to 

environmental stresses, diseases and insects, variety mintenance and 

exprimental design. 

9.1.5. V h  D' of Fmd d Forage IE~UUE 

To provide an understaxling of the effect of virus diseases on food and 

forage legumes and methods to minimize yield losses induoed by them, a 

training course on 'Virus Diseases of Food and Forage Legumes" was 

conducted, 13-27 May, 1990 at Alep. The course included virus 

identification, means of spread, purification and serolq, seed 

transmission and detection of seed-borne infections, ecology, 

evaluation of yield loss and screening for resistance. Practical 

aspects covered included host range studies, symptmatology, preparing 

and preserving virus cultures, virus purification, antiserum 

production, serological techniques including enzyme-linked 

inmumasorbent assay and molecular hybridization, and screening for 

virus disease resistance. 
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?he level of the nine participants f m  eight countries was high 

enrugh to permit treatment of advanoed technolqy in dealing with virus 

9.1.6. Application of Biotdxmlogy in Food Iequue 

Plant biotechnolqy tools offer innovative approaches in plant 

inpruvement research. To increase the awareness of the food legume 

scientists about the potential of biotechnolqical tools in 

facilitating the crop kpruvement research, ICARDA for the first time 

amhded a training workshop on "Application of Biotechnology in Food 

Legumes", 22 July - 2 August, 1990 at Aleppo. lhe course was attended 

by 11 participants from 8 countries. The workshop intrcduced 

participants to theoretical and practical aspects of DiA work an3 

covered current and future uses of CNA technology in plant breeding. 

!hu lecture series included gene structure, regulation and transfer, 

gene identification and marking, genome mapping, application of genetic 

engineering as well as the use of wide crossing and -clonal 

variation. ming the practical sessions, each participant 

successfully extracted DNA from chickpea and its wild relatives, 

purified it, digested it by a restriction endonuclease Taq I, 

electrophoresed the fragments and probed them with a non-radioactive 

P*. 

9.2. carses 

9.2.1. lerrtil Harvest &&anization 

T k  fifth "Lentil Harvest Mechanization Course" was held 12-21 May, 
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1990, in Aman, Jordan. Sivteen trainees from seven countries 

participated. The syllabus covered both the theory and practice of 

lentil harvest mechanization. This was done in an intqrated app- 

to cover breeding, agronomy, economics and fann machinery. Discussion 

focussed on guiding the trainees to tackle lentil harvest mechanization 

problems in an integrated l~nner and on ways to transfer the available 

technologies to farmers. 

9.2.2. Faba Bean Imp- 

The course was held 9-20 April, 1990 at the facilities of ENA-Meknes in 

Momcco. There were 14 trainees frcnn 7 countries. The course 

presented faba bean breeding and pathology in an intqrated manner, and 

aimed at providing an intrcduction to faba bean improvement with an 

emphasis on selection for disease resistance. ?he course b-t 

together breeders and patholcgists working on faba bean an3 prwided 

them opportunity to learn more on creation of variability, selection 

techniques, and seed production of the released cultivars. 

9.2.3. Field Irspedicn of Fbod Ieguue D i s e a s s  in seed Multiplication 

Over the past y- several cultivars of faha bean, chickpa and 

lentil have been released in many countries of the region. Since the 

impact of these iqxmved cultivars on the national prcduction will 

depend on the seed availability to farmers, efficient seed prcduction 

programs need to be developed. m n d i n g  to the need expressed by 

~tional prqraim in the last coordination meeting in the countries of 

North Africa, the Food Legume Improvement Prcqram in corporation with 



311 

the Seed Pro2uction Unit of ICARDA conducted a training course on 

"Field Inspection of Food Legume Diseases in Seed Multiplication", 30 

April - 3 May, 1990 in Algeria. Fifteen trainees from five countries 

participated in this ccurse, which mered the synptmlogy of fungal, 

virus ard m t o d e  diseases; field infestation limits of diseases 

tolerance; methodology of field inspection of fccd legume diseases; 

seed health testing; and control metho3.s. 

9.2.4. P q r c m m y  of Winter & i d p a  

The winter chickpa adoption study done last season indicated that 

lack of information on the winter-sown chi- was one of the 

constraints limiting expansion of that technology in Morocco. A 

course was therefore organized in Morocco at the National Aqicultural 

School (ENA), Me)oles, 21-24 May 1990, in collaboration with INRA, D W  

ard ENA - M e h e s  to pmide extension agents with better understanding 

of the winter chi- technology. 

A total of 35 trainees participated in the cwrse: 

M o m  : 17 exteasion agents from D W  

8 F&seanAers/Technicians from INRA 

3 graduate students from ENA 

Algeria : 2 Researchers from ITGC 

Tunisia : 2 F&seanAers from INRAT 

1 frcin office des cereals 

Ranee : 1 graduate student f m  ENSAjMonpleier 

Belgium : 1 graduate student 
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T h e  course covered all aspects of imprtance in the production of 

a successful winter chi* crop and discussed the potential 

advantages and possible disadvantages of this technology. 

9.2.5. Breeding Wthcdologies 

As per the agreed work plan for ICARDA/Turkey collaboration, the F d  

legume Improvement Pmgmm conducted an in-cwntry training course on 

"Breeding Methcdolqies of F d  Legumes", at Diyarhdcir, nu-key, 28 May 

-1 June, 1990. Fourteen trainees from Eskisehir, Izmir, Sarrsun, 

Di-r, Erzurum, Adana and Antalya participated in this course. 

Topics mered included: mutation as a tool in plant breeding; breeding 

for disease resistance; breeding of self-pollinated crops; applications 

of statistics in plant breeding; and non-aomrential breeding. 

9.2.6. Fmd I~UE 

An in-cmntry training on f d  legume inpmement was jointly 

organized by the Agricultural and Natural Resource Research 

Organization ( A m )  of Iran and I C !  at Karadj, Iran, 18-24 June 

1990. Thirty-four participants, including 9 women, from the Soil and 

Water Institute, Plant Protection Institute, and Seed and Plant 

Improvement Institute, attended the course. The course covered both 

theoretical and practical aspects of breeding, agronomy, physiology, 

plant protection, mechanization, genetic resouroes and experimental 

design. The practicals included crossing techniques, identification 

of insect pests, data recording and m q e m e m t ,  and visits to various 

laboratories. 
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9.3. Ifividllal Ncn- ! cmhhq 

As per the request of NARSs, training on individual basis was offered 

for 27 participants fmm nine -tries. Skills mered and countries 

r epmted  are given in Table 9.1.3. ?he syllabi were tailored to 

met the specific needs of NARSS and the academic backqnxlrd and 

perfornnnce objectives of the participants. 

Table 9.1.3. Participation in the individual non4egree training, 1990. 

Topic No. of Countries 
participants 

1. Agronomy & crop physiolcgy 

2. Trial Manag-t 

3. Breeding 

4. Pathology 

5. Virology 

6. Entamolcgy 

7. Biological NitXCga Fixation 

8. Quality 

Syria, Turkey, Sudan, 

nmisia 

Turkey, Pakistan, Syria 

Algeria, Ethiopia, Morocco 

Sudan, Ethiopia, Tunisia 

Ethiopia, Sudan 

EUlgaria, Syria, Turkey 

Syria, Tunisia 

9.4. mxduate reseanb TlaMng 

As part of the degree oriented training two M.Sc. and Ph.D. students 

joined the prcqram during 1990. The total nmker of graduate students 

during 1990 was sixteen (Table 9.1.4) . 'Itro students received their 

M.Sc., one R . D .  degree and same were writing their thesis at their 

universities. 
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Table 9.1.4. Participation in mduate research training in 1990. 

Name w e e  University Countxy 

Rssistered in 1990 
1. Aziza Dibo Ajouri R.D. AleFP Syria 

2. Heicho Schnell R.D. Hohenheim FR Germany 

3. Markus Xnapp M.Sc. Hohenheim FR Germany 

4. Jehad Z a k i  Abd M.Sc. Jordan Jonlan 
Al-Raheem Yasin 

5. Hossam El Din M. R.D. Alexandria Egypt 
El-Sayed Ibrahim 

6. Christiane Weigner R.D. Tiibinqen W. Germany 

Re4istration continuincl from ~rwious years 
1. Ghada Hinti M.Sc. Aleppo Syria 

2. Fatima Ahmed Mustafa M.Sc. Gezira Sudan 

3. Christiane Schieble M.Sc. Hohenheim Germany 

4. Ahmed Saoud R.D. Damascus Syria 

5. Andreas Gross R.D. Hohenheim F'R Germany 

6. Marja van Hezewijk R.D. Amsterdam TheNetherland 

7. Bashir Ahmed Malik R.D. Quaid Azam Pakistan 

8. Ahsand Haq R.D. Funjab Pakistan 

9. Win Weber R.D. Hohenheim F'R Germany 

10. Stefan Schlingloff R.D. Giessen Germany 

9.5. uebmrks 

?he Prcgram has assisted in developnent of research networks at various 

levels to enoourage research on fccd legumes. They are suwoarized 

below: 
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9.5.1. Inenntional 

9.5.1.1. International Nurseries ard Trials N e t x u k  Some 52 

-tries participate in this. 

9.5.2. %gicnal 

9.5.2.1. North African Rqional -rk: It involves participation of 

Algeria, Libya, No?orocm and Tunisia. Linkages of this network with the 

programs in southem Europe and CIHEAM have keen developed. 

9.5.2.2. Nile Valley BqiondL Nebmr3c It involves the participation 

of Egypt, Ethiopia and Sudan. Linkages with NAR networks have been 

developed. 

9.5.2.3. West Asian Rqiaml Netxuk It involves the participation 

of Turkey, Syria, Jordan, Iraq and Cyprus. Major activity in this has 

been the joint travelling workshops. 

9.5.3. National 

FLIP has enoxraged developnent of research networks on f d  legumes in 

several countries to ensure coordination and complementarity of efforts 

of the national prcqrams. m e  ~tional research networks are in place 

in the following countries. 

9.5.3.1. Algeria 

9.5.3.2. Libya 

9.5.3.3. Morooco 

9.5.3.4. Tunisia 



9.5.3.5. Egypt 

9.5.3.6. Ethiopia 

9.5.3.7. Jordan 

9.5.3.8. Pakistan 

9.5.3.9. Sudan 

9.5.3.10. Syria 

9.5.3.11. Turkey 

I n  a l l  these countries except Pakistan, regular coordination 

m~etings are held in khich FLLP representatives also participate. 

Research and training act ivi t ies  are reviewed and plans developd. In 

1989/90 season, FLIP participated in a l l  these coordination meetings 

and assisted these networks in meeting their  objectives. 

9.5.4. Disciplinary Networks 

Luring 1989/90 season the following two discip1jrm-y networks 

Oprated: 

9.5.4.1. Resear& netmrk on aphid controi: 'Ihis included the three 

N i l e  Valley countries and was coordinated by IC?+FGA. 

9.5.4.2. aidlcgical nibqen fiwticn retmrk This includes several 

countries in WANA and is coordinated by IcARIIA. 
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9.6. Confemrce 

An Internatio~l Conference on Breeding Cool Season Fccd Lqumes fox 

Stress Resistance was organized in Ravello, I ta ly ,  10-12 Sept. 1990. 

Seventy six participants from 14 countries attended the conference. 

?he proceedings of t h e  conference are being printed. 
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