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1.1. General 

In  a continuing effor t  to enhance the canplem~tar i ty  of research and 

impme the e f f i c i e r q  of use of available -, ICARDA decided i n  

September 1990 to consolidate reseKch and training on iIlp73Vement of 

f d  l q m s  and annual feed legumes under one group - the Iegume Prcgram 

(LP). me aim of this p- is t o  enoourage and supp3rt ~ t i o n a l  

effor ts  in West ~ s i a  and North Africa (m) and other developing 

countries in improving the proiuctivity and yield stability of c m l  

season E d  legumes ( l en t i l ,  chickpa, faba bean, dry w) and annual 

feed legumes (minly vetches and chicklings) and enhance thei r  m l e  in 

increasing the sustainable 'prductivity of cereal-based, rainfed fanning 

systems. 

me p-s of devolution to rational prograns of the 

reqmnsibility for  the inpmement of faba bean, which is generally grown 

under relatively assured moisture-srmly, was continued to phase out the 

reseKch a t  ICARDA. T h e  ICA8DA faba bean breeder and pathologist, who 

transfered faba bean research t o  the sc ient is ts  of INRA, M o m ,  a t  

Dxyet Fksesm3 Station near Fes, l e f t  the Prcgram in  Septfabr 1991. 

me final  phase of the transfer is being handled by the ICARDA l q u n ~  

scient is t  posted a t  Fes. 

Consistent with the Center-wide straw of fccusing on the dry 

-, research effor ts  on legumes adapted t o  dry environments were 

-. -ers from IP and other ICARDA prograns worked on 

specific research projects in multidisciplinary t-, often w o r m  with 

rational p- scientists .  Research on Mi chiclqm was conducted 

jointly w i t h  the Intermtioral  rrop Ilesearch Ins t i tu te  for Semi-Arid 

Tropics (ICRTSAT). We continued mllaboration w i t h  institutions in the 

imiustrialized countries on basic research, particularly in the 

application of biotechnological tools in  crop hpmement.  

Although the improvement research on l en t i l ,  Icabuli chic*, dry 

pea and forage legumes was centred a t  ICARDA Tel Hadya, several ICARaA 



testing Sites in Syria (Breda, Wdar and Jinderess) and in the Beka'a 

valley of Lebanon (-1 and Kf&) were also used. Breeding material 

was advanced throucpl an additional generation during sumer at Ter!ml 

resear& station for kabuli chickpea and lentil and at m c e u r  (Atlas 

mountains, ~IcCxm) for faba bean. Several national pmgram research 

sites were jointly used for strategic research on the develcpwnt of 

breeding material with specific resistance to sane key biotic and abiotic 

stresses because of the presence of ideal screening mnditions there. 

1.2. WeatherOonditions 

'Ihe weather conditions during the 1990/91 season at Breda, Tel Hadya, 

Jkderess and Terbol are depicted in Figures in Section 11. As during 

1989/90, this season was again drier than the long-term average, 

achrersely affecting crop grayth and yield. For example, at Tel Hadya, 

the rainfall upto middle of March was 36% less than the long-term average 

(164 m in 1990/91 campared with lq-term average of 258 nun) causing 

were early season W t .  By the end of the growing season the total 

rainfall was only 290 nun capwed with the long-term average of 328 nun. 

Winter temperatures were mild; h e m ,  screening for cold tolerance was 

in-effective this season at Tel Hadya. Wide fluctuation in temperature, 

both m h  and minimrm, occurred in March. Cpm-pan -ration and 

the mimum m t u r e  cnmmmced to rise sharply in April. By mid May 

the ainxqheric droqbt increased with day temperatures rising above 30'C 

and open-pan -ration ranging f m  10 to 12 nm/day, dozapmid by 

strong winds (ca 250 lar)/day reaching at times to 600 )on/day) forcing 

crops to mature over a relatively short period of time. 

1.3. A f h i m t S  

A surra~ly of the major achievements of the prcqram in research, training 

and netwurking activities during the 1990/91 season is given below: 

1.3. mkdi Chi- 

Yields of chi- are low and unstable in WNA, but impmement is 

possible throqh the adoption of winter sowing in low altitude regions. 

Trials at three ICARDA sites (Tel Hadya, Jinderess ard Terix~l) for eight 



years (1983/84 to 1990/91) w i t h  more than loo newly bred lines per year 

have s h m  that winter-  chickpa pmctues 71% o r  659 kg/ha higher 

yield than spring-sown chickpa.  me yield increase f m  winter sowing 

rises to 133% with the top 10% yielding genotypes. Winter sowing is 

expanding in WANA with the  area estimated a t  30,000 ha fo r  1990/91. 

Adoption studies in Syria and Momcco sh& that farroers realize the 

advantage of w i n t e r  sowing. 

National prograns have made gccd use of I C !  enhanced germplasm. 

Eight cul t ivars  including two i n  Algeria (FLIP 84-79C and FLIP 84-92C), 

two i n  Iraq (I= 482 and ILL: 3279), one in Syria (Chab 3 = FLIP 82-150C), 

two in W s i a  ( m P  84-79C and FLIP 84-22~) and one in 'Turkey (&in = 

87AK 17775) were reported released in 1991. 'Ihirteen m s  have selected 

47 l ines  for  pre-release multiplication and/or on-farm t r i a l s .  

To s tabi l ize  chickpa praiuction, ef for ts  continued i n  breeding for 

stress resistance. Evaluation of 20,000 germplasm accessions for  

Asccchyta blight  resistance over last ten years has resulted i n  the 

identification of f ive  sources of resistance (ILC 200, ILC 6482, ILC 

4475, I02 6328 and I02 12004). Resistanoe of a few kabuli accession to 

Fusarim w i l t  was confirmed, as a lso  resistance of ILK 5901 to leaf 

miner. 'Ihree kabuli accessions (ILC 6104, ILC 6118 and FLIP 87-59) were 

identif ied a s  drought resistant .  ILC 8262 and ILK 482 m t a n t  were 

w n f i m d  as best sources of tolerance to cold out of 10,000 accessions 

evaluated so far.  

Evaluation of over 1,300 ICARDA breeding lines fo r  Asoochyta blight 

resistance using six races of Ascahvta rabiei revealed that three lines 

(FLIP 84-79C. M P  85-86C and FLIP 90-103C) had a highly resistant 

reaction (rat ing 2 on 1-9 scale) . 

Acoessions of annual wild species have been found t o  ~ S S ~ S  

resistance t o  d t i p l e  stresses. 'Ihree separate inte-ific crassing 

prcgrams were in i t ia ted  t o  transfer genes for  (a) w l d  tolerance, (b) 

cyst nematcde resistance, and (c) 4 yield. The f i r s t  backcrosses have 



been imde for  a l l  three t r a i t s .  

A karyotype analysis of eight annual Cioer species revealed two 

qroups: (i) C. arietinum. C. re t icula tm and C. echinoscerfmm~, (ii) C. 

w, C. m t u m ,  C. iudaicum, C. p h t i f i d u m  and C. yamashitae. 

Within each group, it is possible to obtain f e r t i l e  hybrids throqh 

crossing. 

DNA fingerprint derived molecular m k e r s  were used to f o l l m  the 

interrpecific crosses. A t t a p t s  are also being mde to identify markers 

that m y  be 1in)ced w i t h  the genes that  contribute to Asachyta blight 

resistance. In collaboration w i t h  the University of Frankfurt, the 

applicatim of mlynerase Chain Reaction (PCR) technolqy is also being 

studied. WA fingerprinting was also used to study variabil i ty in  

Asaxhvta to fac i l i t a te  disease resistance breeding. 

Studies w e r e  init iated using host pathcqen-race combinations on the 

w n p n a t s  of resistance to Ascochyta blight a s  this information w i l l  

help in  developing partial  resistance. D i s e a s e  severity rat- was 

m t i v e l y  related w i t h  the ' latent period' (LP) for  infection ard 

positively w i t h  'lesion size '  (LS) and 'lesion grcwth rate' (LGR) . High 

disease severity ratings (DSR) were always accmpnied by a simultaneous 

crrurrence of high LGR, high pymidia n d r  (RI) produoed p r  lesion, 

short LP and high sporulation (Sm) . law D S B  were asscciated w i t h  low 

LGR, low PN, long LP and very low SPO. 

reafminer (Liricmvza and pzdbrer (Heliwve?xa w) 
damage was reduced by spray of neem extract. H w e v e r ,  the protective 

effect last& for  only 7 - 10 days. Studies on chickp?a/leafminer 

interaction revealed tha t  leaf exudates were w n g  the factors imparting 

host resistance. Control of the seed bruchid Callosobmchus chinensis in 

storage could be achieved upto 6 months by use of such insecticides as 

Actellic o r  K-othrin (@ 0.5 g/kg seed). U s e  of 3 m l  ~ g g  seed o i l  w i t h  

20 g s a l t  per kg seed also provided acceptable seed protection. 



In studies of the need for inoculation with Rhizobium to inprove Nz 

fixation, the synbiotic effectiveness of resident rhizobial m a t i o n  at 

38 chi- growing sites in Syria was evaluated using a hydroponic N- 

free system and two chic- atlivars (ILC 195 and ILC 482). m e  

ability to fix N in an N-free system (where plant N = fixed N), as 

compared to unindated plants fed adequate combined N for mimum 

gnxth,  gave the test of symbiotic efficiency. Soils of more than half 

tested sites contained native popllation with low symbiotic efficiency, 

where incculation with selected superior strains was consistently 

positive. 

Our chi- rhizobia collection (100 strains) was characterized by 

collecting data on symbiotic effectiveness with a range of inproved 

cultivars, salt an3 heat tolerance and intrinsic antibiotic resistance 

(IAR) . IAR characterization separated the collection into four district 

regional groups. mlyclonal antisera for highly effective strains from 

each group are under preparation for strain identification using EUSA 

technique. 

Studies on response of diverse chic- genotypes to varying soil 

moisture supply using the line-smne sprinkler irrigation revealed that 

yield' increased linearly with increasing moisture supply. However, 

genotypes differed in their linear regression estimates of intercept and 

slopes. A crossing prqram to combine high intercept value with high 

slope my, therefore, yield recombinants with both drought tolerance and 

also a positive response to inproved misture supply. 

1.3.2. Lentil 

Prqress in the use of ICARDA enhanced germplasm o30lrred in all the 

three contrastirq agroecolqical regions (the low land Mediterranean 

region, the high lands and the southern latitude region) on which our 

breeding efforts are meted. With the release of three cultivars 

(Artolito in Aryentina, Sazak-91 in Turkey and Crimson in USA) during 

1991, the total nmker of cultivars released so far has reached 25 in a 

total of 18 countries. In addition 16 lines are in the pre-release 



multiplication or on-farm testing by W s  in the Mediterranean region, 

four in him lands, nine in the southern latitude region in Asia and 

Africa, four in Argerrtina and one in China. 

Nearly 250 crasses were mde and handled in a bulk-pedigree method 

using off-season generation advancement. The international breeding 

nurseries have evolved and diversified f m  the stage of provision of 

yield trials to supply of an additional wide m e  of cmssing 

blocks/resistant saur~es and segregating populations for each of the 

three mjor target agrwoolcgical regions. l k r e  was an increase in the 

mmbx of entries provided by NARSs in the international trials. 

Screening of lentil l h  for vascular wilt at seedling as well as 

adult stage revealed that three lines (ILL 6434, -6991 and -6995) were 

most pdsing and these will be shared with NARS in the form of Lentil 

International Rlsariurn wilt Nursery. Rescreening for wilt resistance at 

adult stage of 41 wild accessions, which were resistant to wilt in 

seedling stage, revealed that eight accessions were highly resistant. 

Some of these also showed resistanoe to Pscodyta blight. Of the four 

wild lentil species/subspecies, 4. niuricans subsp. emoides had highest 
proportion of accgsions showing resistance to ZIscocfryta blight. 

Over 120 accessions of wild relatives of lentil were evaluated for 

various agronomic characters and valuable variation for earliness was 

obened, which can he used in lentil inpmement. Screening of these 

aocessions for drought and increased misture supply using line-source 

sprWer at Breda showed interesting variability, which could be useful 

in breeding prcgram. DNA fingerprinting, using digoxigenin labeled 

oligonucleotides as probes, was tested to detect genetic variability 

within and between the subspecies of Lens. More enzyme/probe 

dinations have to be tested to get useful banding patterns. 

Lentil harvest mechanization was pramoted in Northern Syria in 

cooperation with the General oqanization of rqricultural Mechanization. 

An hpc t  of these efforts was evident from -se in the area 



harvested by swathe-- in KamesNy in 1990. 

Field evaluation of four strains of lentil rhizobia, wfiich were 

earlier selected after large scale greenhouse screenkg of 250 different 

isolates, revealed that strain '739' fmn Syria and '760' f m  mrtugal 

prcduced significant yield of ca. 20% and 40%, respectively, 

acmss four different lentil cultivars in the p-ce of native lentil 

rhizobia at Tel Haw.  T h e s e  results indicate a potentially hprtant 

role for lentil inoculation with selected Rhizobim strains. 

The effect on the nitrcqen status of plants and yield of the 

feed- of crinitus larvae on lentil rtdules was studied at four 

lccations in northern Syria uskg a soil application of Gdmfuran or 

seed treatmt with Prmnet hsxticide. The insecticides reduced nodule 

damage and increased the nitrcgen status of plants at flowering. The 

adverse effect of SitoM damage on nitrogen nutrition of lentil was 
particularly conspicuous at Alkamiye, mere untreated plots shmed 

typical symptmts of nitrcqen deficieixy, emphasising the iqmrtance of 

sitoM control for the drylard agriculture. Studies on control of the 

seed bruchid Callosobmchus chinensis in storage showed that although 

insecticides Actelic and K-othrin were the m t  effective agents, 

satisfactory control could also be obtained by treating the prcduce with 

olive oil + salt. 

1.3.3. Faba bean 

The I m  faba bean research team at muyet research station took 

appropriate steps to transfer the inp,mement research to Moroocan 

scientists and established close links between this group and the other 

MLRSs in North Africa. Offices, patholcgy lahratory, seed preparation 

laboratory, screerhouse facilities for pure line breeding ard field 

facilities for disease screening research were established. Faba tean 

+med germplasn, including inbred and a&- lines with disease 

resistance, closed flowerr, determinate growth habit, an3 TVS trait were 

transfed. North African Regional Yield Trials and Orobanche nurseries 

were initiated. Verification trials to transfer Orobanche resistant 



lines to M o m  farmers were initiated. 

m e  NARSs continued to make good use of 1CAP.m enhanced gemplasm 

and w e d  their am varietal iqrovement prograns. In Syria, Hama 15 
(a selection f m  IIB 1270) was released. In Egypt, Giza 461 and R e i n a  

Blanca have been released because of superior yield and resistance to 

foliar diseases. In Sudan, Shambat 75 and Shanht 104 have been released 

for non-traditional faba beKI growing areas. 

D e t e m k t e  lines are in on-farm trials in China and Syria. In 

Tunisia, three lines have been selected for pre-release multiplication 

because of their superior yield in drought conditions over last three 

years. In Algeria, 14 lines are in multilocation tests. The line ILB 

1814 is in pre-release multiplication in Iraq and Chile. In Ethiopia, a 

cross bulk has been purified and is now in prerelease multiplication. 

mjor progress during the 1990/91 season was made in developing 

Orobanche resistant faba bean. Three selections 18009, 18035 and 18105, 

which were previously rated as Orobanche resistant, were verified in 

MtWally infested fields of farmers, where they gave significantly 

higher yields, and much less Ombanche infestation than Aquadulce, the 

check. Seeds of these lines are being multiplied. A n  h t q m t e d  system 

for the control of Orobanche was tested at Douyet, which could further 

improve the performance of O r o M e  tolerant cultivars. 

Studies on the control of Bruchus dentices on famas' field in 

Syria showed that two applications of such insecticides as Metyphon, 

fastac, and Dimethoate at early pod setting and 2 weeks later resulted in 

significant reduction of insect infestation in faba bean. 

1.3.4. Forage Legrrmes 

In spite of the diversity of feed 1- species in the Mediterranean 

region, few have been used specifically as feedcrop, and little 

improvement effort has gone in them. Our goal therefore has been to 

develop improved cultivars of species currently in use by fm and 



examine the potentiality of alternative wild species found in areas 

receiving 250-500 m rainfall. lhe two genera intensively evaluated are 

vetches (m spp. ) and chicklings (Lathyrus spp. ) 

Evaluation of @roved lines of ocwnon vetch (V. sativa) in M o r c u w  

resulted in identification for release of IFLVS 1812/2083, which shows 

gad resitance to Orobanche. Studies at Quetta sh& that Vicia villcsa 

ssp. d a m m  was well adapted to wld and harsh emironrents of 

highlh. 

Pcd shattering is a serious problem in the common vetch. crases 

between nonshattering lines and dehiscent high yielding types were mde. 

Superior families with cconplete indehiscence were selected and 

distributed to NARSs in W?NA. 

Subterranean vetch (Vicia sativa ssp. d i c a r m )  was identified as 

a potentially iqmrtant species for developing ley farming because of the 

hardness of the seeds pduced undenpmml. Barley grown after 

underqround vetch produced significantly higher grain and forage yield 

than &ley after barley. 

A crossing prqram was initiated to reduce the neurotoxin (EOAA) 

content of high yielding and well adapted gemtyp=s of Lath- sativus 
using a parent with low EOAA content. 

The seasonal evapotranspiration of variws feed legumes in this 

drought year was similar to that of fad legurns but feed legumes were 

superior in water-use efficiency (WE).  Vicia ~rfnnensis and LathVrus 
sativus had the highest W E  for total biological yield and Vicia 
narkonensis for seed yield. 

1.3.5. Pea 

Of 72 new accessions received from different institutions, 10 high 

yielding selections were retained for evaluation of their perfomce at 

1- sites in Syria and Lebanon with a view to incorporate them in the 



Pea International Maptation Trial. The optimum plant density for 

conventional leaf-type pea was 36 plants/n? as against 80 plants/$ fo r  

the leafless types, bth under rainfed and assured moisture conditions. 

1.3.6. International Nurseries 

A total of 956 sets of 35 different nurseries of chickpa, len t i l ,  

chicklings, vetches and pea w e r e  distributed t o  more than 135 m o p r a t o n  

in  55 onmt?3es for the 1991/92 season. Stabi l i ty  

a ~ l y s i s  of various l e n t i l  and chickpa interr?ational yield t r i a l s  

permitted identification of g e n o t y p ~ ~  with w i d e  adaptation. 

. . 
1.3.7. hauung and Networking 

The N i l e  Valley R e g i o ~ l  Pro~ram and the North African Regional -am 

developed and distributed their own regional yield t r i a l s  and nurseries. 

Joint  training and travelling workshops i n  these regional programs helped 

the NAEs i n  the i r  crop inprovexent work. G r o u p  training was c o m c t e d  

a t  ICARDA in  the form of short specialized training courses, besides the  

ineuntry and sub-regional training courses. specialised courses a t  

ICARDA included: 'Insect Control ' , 'Biology and Control of Orobanche' , 
'Advanced Ezeding Methcdolcqies', 'CNA Molecular Mker Techniques', 

'Rhizobimn Technology' and 'Mechanical Harvesting of Legumes'. In- 

country and sub-regional courses coverd 'Faba bean Improvemnt' in 

Morcxm, 'Legume Hybridization' in  Jordan, 'Winter C h i c k p a  Technology' 

in  Tunisia and Wkey,  'compter Ppplication and Biometry' in Ethiopia, 

and 'Legume Seed mrduction' in  Jordan. A t o t a l  of 187 participants 

received training in  the improvement of l en t i l ,  chic-, faba bean and 

forage legumes t i r c ~ q h  these courses. 

A seminar on 'mil in  South Asia' was held in  New Delhi jointly 

with the Indian Council of Agric. Research. ?he s~linar aimed t o  review 

research on l e n t i l  in  South Asia as a base line for  future activity in  

the region. Invited papers w e r e  p-ted by key l e n t i l  sc ient is ts  from 

Bangladesh, India, Nepal, Pakistan and Sr i  Lanka. 



The kabuli chi- iqxuvement is a joint p m  w i t h  I N S A T  Center, 

India. The main objective of the prcgram is to increase and s tabi l ize  

kabuli chi- p d u d i o n  in the developing world. Of the f m  main 

regions where chic- is grown, the Mediterranean region and Ia t in  

America prrduce mostly kabuli type chic@%% Five to ten percent of the 

area i n  the other two main proxlction regions (Indian Nboontinent and 

F a s t  Africa) is also devoted t o  the kabuli type. Kabuli chickp3 is also 

grown in  high elevation areas (>lo00 m above sea level) in W e s t  Asia, 

especially in Turkey, Iraq, Iran, and Afqhanistan, and i n  North Africa in  

the Atlas muntah. Asux31yta blight and Fusarium w i l t  a re  the two 

m j o r  diseases of chickpa. Ieaf miner in  the Mediterranean region an3 

pod borer in other regions are major insed pests. Kabuli chicJqzea is 

mainly grown as a rainfed crop in the wheat-based farming system in areas 

receiving between 350 mm and 600 nun annual rainfall  in the West Asia and 

North Africa (mNA) region. I n  Fqypt and Sudan and parts of South  Asia, 

West Asia and Central America, the cmp is grown w i t h  supplemental 

irrigation. 

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

sown, yield can be increased substantially by advancing sowing date from 

spring to early winter. There are hl ica t ions  that  increasing plant 

density an3 reducing row width miqht also increase yield significantly, 

e spc i a l l y  during winter sowing. W i n t e r  sowing also allows the chic- 

crup t o  be harvested by mchine. Major effor ts  are underway t o  s tabi l ize  

chic- proxlctivity by breeding d t i v a r s  resistant to various 

stresses, such a s  diseases ( A x m h y t a  blight and -ium w i l t ) ,  insed 

pests (leaf miner and pod borer), other parasites (cyst m t o d e  and 

Orobanche crenata Forsk.) , an3. physical stresses (cold and drought). 

Efforts are also underway to collect basic i n fomt ion  for generating 

input-rqxnsive d t i v a r s ,  especially those which respnd to application 

of phcs@mte and water. 



W i n g  1990, several collaborative projects qerated. In the 

project "Cevelo&mnt of chic- germplasm with combined resistance to 

m y t a  blight and Fusarium wilt uskg wild and cultivated species", 

four Italian instiMions collaborated with ICARW. The screening for 

cyst neTMMe was carried out in association with the Istituto di 

Nmtolcqia Agraria, c.N.R., m i ,  Italy. Fusarium wilt resistance 

screening was done in association with the reparhmto de Patologia 

Vegetal, Cordoba, Spain. Srreening for tolerance to cold was done in 

cooperation with agricultural research institutes in W h y .  Genetics of 

phosphate uptake was investigated in association with the University of 
Hohenheim, Germany. A p-m on mutation breeding was jointly 

with the Nuclear Institute for Aqriculbxal Biology, Faisalabad, 

Pakistan. 'Ihe University of Saskatchewan, Canada is collaborating in 

studies of genetic diversity in kabuli chiclqza. Studies on mechanism of 

drought and cold resistance and some aspeds of biolcqical nitrqen 

fixation are being conducted in collaboration with INF!A, Montpellier, 

France. Studies on leaf miner resistance and application of restriction 

fragm~t length polymorphism (m) in characterizing chickpa genotp 
and kccchyta isolates are carried out in collaboration with the 

University of Fhmkfut, Germany. Survey on chickpa usage in Syria is 

being done with the University of Alepp, Syria. 

2.1. chickpa Breeding 

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

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

and material for -sing prcgrams to v r t  National Agridtural 

Research Systems ( W s )  and (3) to conduct strategic research to support 

work on germplasm i q r o v d .  Specific objectives in the development of 

i q m e d  gemplasm for different regions are: 

1. Meditemean reqion: (a) winter sowing: resistance to Asaxhyta 

blight, toleranae of cold, suitability for machine harvestkg, medium 

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

tolerance at seedling stage, resistance to ?+xmhyta blight and 

Fusarim wilt, toleraxe of drouqht, early maturity, medium to large 



seed size (30% of resources) : 

2. Indian subcontinent and East Rfrica: resistance to ZIscochyta blight 

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

medium seed size, respllse to supplen~ntal irrigation (20% of 

l?emwcs) : 

3. Latin Anreria: resistance to Fusarim wilt, root rot and viruses, 

large seed size (5% of rewurces) : 

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

stage, resistance to Asaxhyta blight, terminal drought tolerance, 

early maturity, and r d i m  to large seed size (15% of resources). 

K.B. Siqh 

2.1.1. use of Inproved Gemnplasn by PnWSs 

2.1.1.1. International nurseries and trials 

rxlring 1991, 17,950 chic- entries including breeding lines were 

furnished to 45 countries. Eiqhty-two percent of the international 

trials and nurseries were fumished to the developing countries and the 

remining 18% to the industrialized cwntries (Table 2.1.1). 

Table 2.1.1. N m b r  of entries furnished in the form of 
international yield trials and nurseries and breed* 
lines during 1991. 

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

Algeria 27 881 - 881 
Aqentha 5 168 - 168 
Australia 9 287 30 317 
Bhutan 9 264 - 264 
Brazil 1 23 - 23 
Eulgaria 3 105 5 110 
Canada - - 820 820 



Table 2.1.1. w ' d .  

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

Chile 
China 
CYP- 
Egypt 
Ethiopia 
France 
-Y 
Greece 
Guatemala - 
India 
Iran 
Iraq 
Italy 
Jordan 
Iebanon 
Libya 
Mexico 
m- - 
New zealand 
(Xoan 

Fakistan 
Peru 
Portugal 
mtar 
Saudi Arabia 
spain 
Srilanka 
Sudan 
Syria 
Thailand 
'IUnisia 

Yemen 
Yugoslavia 

Total 



?he nurseries were in demrd from all the six continents from Chile to 
China and from Canada to Australia-~ew Zealand. On the other hand, 

requests for breeding lines cane from the developed countries only. 

overall, 19% more entries were supplied during 1990. The kabuli chi- 

network is well established mrq chi- scientists. 

K.B. Singh, R.S. Malllotla and M.C. SdXeM 

2.1.1.2. On-fann trials 
Five chi- lines were selected by the Diredorate of Agriculture and 

Scientific Research ( M )  , Ministry of Agriculture ard Agrarian Reform 

from the ICARDA/ICRISAT international trials and together with ICARDA 

conducted reseamher-mged trials throqhcut Syria f m  1988/89 to 

1990/91. 'Ihe rnrmber of locations varied from 12 to 18. All the three 

years turned cut to be dry. Based on superior performance, two lines 

were identified for pre-release multiplication and dmnnstration (Table 

2.1.2). FLIP 84-15C had the same yield and -re for Ascxhyta blight 

and mld, but it had 50% larqer seed size and 30% more height than 

previously released Ghab 1. 'mis will meet consumers' demands for large 

seed size and farmers' demards for easy machine harvesting. Because of 

FLIP 83-98C, better resistance to Ascochyta blight than Ghab 1 was 

accepted. FLIP 84-15C is r-ed for the entire country and FLIP 83- 

98C only for cmstal Syria, where Asashyta blight develops naturally. 

On-farm trials were jointly o=mlucted in IPbanon. ICARDA provided 

assistance in the conduct of on-farm trials in Algeria, Iraq, Jordul, 

M o m ,  and Tunisia. 

NRRss scimtists, K.B. Singh and S.P.6. Beniwal 

2.1.1.3. Pre-release multiplication of cultim by national P~W~IIS 

Fifty-SeV~ l h  have been chosen by 13 NAFSs from the I C A l I C R I S A T  

intermtio~l trials for pre-relaase multiplication and on-fann tests 

(Table 2.1.3).   ow ever, we do not have fu l l  information from many 

countries. Barring three selections from gemplasm collection, all the 

raining are developed through hybridization. All the new lines have 



Table 2.1.2. Seed yield and saw other characters of five chickpa lines as ccanpared to check 
cultivar Qlab 1 in the on-farm test in Syria, 1988/89 to 1990/91. 

htry Seed yield (ka/hal Protein 100-seeds plants Days toC b y t a  cold 
1988/89 1989/90 1990/91 Mean content weight height flower blight soore 

(%) (9) (a) (no.) =re 

FLIP 83-47C 1457 1307 1477 1414(5)' 22.8 32 43 121 3b 3b - 
,-A -. 

FLIP 83-48c 1378 1400 1490 i423i4j 21.6 33 42 121 3 3 
FLIP 83-71C 1378 1431 1423 1411(6) 22.1 33 43 121 3 3 
FLIP 83-98c 1351 1492 1498 1447i3j 23.0 34 45 119 3 3 
FLIP 84-15C 1459 1503 1462 1475(2) 22.5 42 49 119 6 4 
olab 1 1429 1462 1536 1476(1) 22.9 28 42 117 6 4 

a/ Figure in parentheses is the rank. 
b/ Score: 1 = free f m  damage: 9 = all plants killed. 
c/ Mean Of three years. 



resistance to Aww31yta b l i g h t  and tolerance t o  c o l d .  They have  large 

seed size,  thus t h e y  meet consumers' r e q u i m t s .  I f  grown in w i n t e r ,  

they attain a height of over 40 an and can be hanrested by  machine. Seed 

Of some of the p d s i n g  lines is being m u l t i p l i e d  a t  ICAROA t o  meet  the 

potential demand of NAFSs. 

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

Table 2.1.3. Chi- lines i d e n t i f i e d  f o r  pre-release m u l t i p l i c a t i o n  
and on-fann testing b y  NARss i n  recent y e a r s .  

courr try Line 

Afqhdnktan ILC 482, FLIP 81-3C, FLIP 81-24C, FLIP 81-7OC, FLIP 81-71C, 
FLIP 81-75C, FLIP 82-4C, FLIP 82-9C, FLIP 82-16C, FLIP 82- 
20C 

Algeria FLIP 83-49c. FLIP 83-71C, FLIP 84-109c, FLIP 84-145C. FLIP 
85-17C. 791H 101-2, 80IH 177 

C Y P m  FLIP 85-10C 
Egypt ILC 202, FLIP 80-36C 
Iraq FLIP 81-269C, FLIP 82-142C, FLIP 82-169C 
Jordan IIC 496, FLIP 84-15C, FLIP 85-5C 
man FLIP 85-5C. FLIP 84-1512 
Libya ILC 484, &P 84-79c, FLIP 84-93c, FLIP 8 4 - 1 4 4 ~  
MOrOCCo FLIP 83-48C. FLIP 84-79C. FLIP 84-145C. FLIP 84-182C 
Pakistan FLIP 8 1 - 2 9 3 ~  
Syria FLIP 83-98C, F'LIP 84-15C, FLIP 86-5C, FLIP 86-6C 
Tunisia FLIP 83-47C 
~ J = Y  FLIP 81-7OC, FLIP 82-74C, FLIP 82-161C, FLIP 82 -269C, FLIP 

83-31C, FLIP 83-41C, FLIP 83-47C, FLIP 83-77C, FLIP 84-79C, 
FLIP 85-13C, FLIP 85-14C, FLIP 85-15C, FLIP 85-6CC, 87AK 
71112 

2.1.1.4. R e l e a s e  of arltivars by m s  

NARss in 1 6  countries have  released 4 1  lines as cultivars (Tab l e  2.1.4) .  

Th i r t y - f i ve  of them have  been released for w i n t e r  sowing i n  the 

Mediterranean r e g i o n ,  seven f o r  spring sowing including two i n  China and 

two for w i n t e r  sowing i n  more m t h e r l y  latitudes t o  be rn w i t h  

irrigation. 

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



Table 2.1.4. Kabuli chi- cult ivarr  released by different national 
Pmgrarm. 

-m' 

Algeria 

China 

Lebanon 
M o m  

Sudan 
Syria 

Cultivars Year of 
released relea3e 

ILC 482 1988 
ILC 3279 1988 
FLIP 84-79C 1991 
FLIP 84-92C 
ILC 202 
ILC 411 1988 
Yialousa (IK 3279) 1984 
Kyrenia (ILC 464) 1987 
TS1009 (ILC 482) 1988 
El502 ( E U P  811293c) 1988 
ILC 482 1991 
ILC 3279 1991 
cal i f fo  (ILC 72) 1987 
Sultan0 (ILC 3279) 1987 
Jubeiha-2 (ILC 482) 1989 
Jubeiha-3 (IIC 3279) 1989 
Janta 2 (ILC 4821 1989 
ILC 195 
IIC 482 
ILC 237 
Elmo (ILC 5566) 1989 
Elvar (FLIP 85-17'3 1989 
~ardan(1LC 72) ' 1985 
zeqr i  (ILC 200) 1985 
AlmMa (ILC 2548) 1985 
Alcazaba (IIC 2555) 1985 
Atalaya (ILC 200) 1985 
Sherdi (ILC 1335) 1987 
(a7ab 1 (ILC 482) 1986 
GW 2 ~ I L C  3279) 1986 
Qlab 3 (FLIP 82-150C) 1991 
Chetoui (ILC 3279) 1986 
Wsab (FLIP 83-46C) 1986 
Andounl (Be-sel-81-48) 1986 
FLIP 84-79C 1991 
FLIP 84-92c 1991 
ILC 195 1986 
Gunei Sarisi (ILC482) 1986 
m a  89 (FLIP 85-7cj 1990 
Tasova 89 (FLIP 85-13X) 1990 
Akcin (87AK71115) 1991 

Specific features 

High yield, wide adaptation 
Tal l ,  high yield 
Cold tolerant 
m-d 
High yield, for Ginghai pr. 
High yield, for Ginghai pr. 
Tall, cold tolerant 
Iargeseeded 
Hiqh vield, cold tolerant 
Hi& yield. 
Hi& vield, wide ada~ta t ion  
~a i l , - co ld .  tolerant - 
Tall, high yield 
Tall, high yield 
High yield, wide adaptation 
High yield, tall 
High yield, wide adaptation 
Tall, cold tolerant 
High yield, wide adaptation 
Irrigation responsive 
High yield 
High yield 
Tall, high yield 
Mid-tall, high yield 
T a l l ,  high yield 
Tal l ,  hi$ yield 
Mid-tall, high yield 
Irrigation reqonsive 
High yield, wide adaptation 
Tall, cold tolerant 
High yield, wide adaptation 
Tall, high yield 
we-seeded ,  high yield 
we-seeded  
High yield 
me-seeded ,  high yield 
Tall, cold tolerant 
High yield, wide adaptation 
High yield, lqe-seeded 
High yield, large-seeded 
High yield 

A l l  chidqeds are resistant to Axc&yta blight and released for winter 
sowing, w i t h  the exception of Amjaun 1 which is resistant to Fusdrium 
w i l t  and released for  spring sowing, and ILC 237 and S h d i  thich are 
intended for  use under irrigation. In Turkey, ILC 482 is released for 
spring sowing. 



2.1 .2 .  scremiq for stresses mlerance 

2 .1 .2 .1 .  Land races 

Screening of gemplasm lines was initiated in 1978 for Asccc-hyta blight 

(Ascmhvta rabiei [Pass.] lab.) in 1979 for cold, in 1981 for leaf miner 
(Liriwza cicerina Rond), in 1982 for seed beetle (Qllosobruchus 

chinensis L. ) , in 1986 for cyst m t o d e  (Heterulera ciceri Vovlas, G m  

et Di V i t o )  , in 1987 for Fusarim wilt (miurn o m m m  ScNecht. emnd 

Synd f.sp. ciceri [Padwick] Snyd. & Hans) an3 in 1989 for dmught. The 

n m h r  of lines evaluated between 1978 and 1991 for different stresses 

are s h m  in Table 2.1.5. The 1990/91 evaluations included 3396 lines 

for resistance to Asaxhyta blight, 1283 lines to cyst mtcde, 594 

lines to leaf miner and 2970 lines to cold. Resistant souroes have been 

identified for Ascmhyta blight, Fusarium wilt, leaf miner, an3 cold, but 

no source of resistance was found for seed beetle and cyst nenatde. 

Resistant sources have been freely shared with NAR5s and are used in 

crossing blocks. 

K.B. Singh, S. Weigand, M.C. Saxena, R.S. Malbtra, 0. Tahhan (ICT+FnA), 

N. Or- and M. Di V i to  (Italy), R. ~benez-Diaz (Spain), M.V. 

(ICRIGAT) 

Table 2.1 .5 .  RBaction of chic- germplasm accessions to some biotic 
an3 abiotic stresses at Tel Hadya between 1978 and 1991. 

Scale m y t a  Fusarim Leaf miner Seed Cyst Cold 
blight wilt until beetle nef~tode until 

1990 1991 1990 1991 

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



2.1.2.2. Wild cioer species 
Evaluation of eight annual wild species contirued for the fourth 

year to identify sources of resistance to different stresses. The 

higflest m p t i b i l i t y  rating fm the four-year evaluation of a line has 

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

surrnmrized i n  Table 2.1.6. T h e  evaluation during 1990/91 included 70 new 

acoessims for resistanoe for resistance to ?+scmhyta blight, 77 lines to 

leaf miner ard 17 lines to cold. Sources of resistara were fourd for 

a l l  six stress factors, including Asaxhyta blight, Fusariun wilt, leaf 

miner, seed beetle, cyst m t c d e ,  and cold. Wild species w e r e  the only 

source of resistance so far found for seed beetle and cyst nematcde and 

had higher level of resistance than the cultivated species for Fusariun 

wilt, leaf miner, and mld. 'Ihe most inportant species for resistance to 

different stress factors was C. biiuqum, while C. yamashitae w a s  the 

least inprtant. There is a need to evaluate the resistance of existing 

collections to other important stresses and to collect additional 

accessions for evaluation. 

K.B. Sin@, S. Weigand, M.C. Saxena, R.S. Malhotra, 0. Tahhan (I-), 

M.V. Reddy (ICRISAT, India), A. mrta-Fuglia, N. G r e w  and M. D i  V i t o  

(Italy) 

2.1.2.3. Listing of resistance 

Sources of resistance identified for e y t a  blight, Fusariun wilt, 

leaf miner, ard cold i n  cultivated species are listed in Table 2.1.7. 

These have been used i n  breeding prcqrams a t  IcWJX ard elsewhere. 

Differential disease race-pattem caused scane lines to be resistarrt a t  

ICARoA but susceptible elsewhere. 

S m  of resistance in wild Cicer species for Axxxhyta blight, 

Fusariun w i l t ,  leaf miner, seed beetle, cyst nematcde, and cold are given 

in  Table 2.1.8. Efforts are underway to transfer genes for resistance 

for mld and cyst nematode frmn some wild to cultivated species. 

K.B. Singh 



Table 2.1.6. Reaction of germplasm accessions of spp. to some biot ic  and abiotic stresses 
a t  Tel Hadya, Syria during 1987/88, 1988/89, 1989/90 and 1990/91. 

Scalea Blisht F. w i l t  Leaf miner Seed beetle Wst  nematatcde Cold 
No. speciesb No. species NO. species No. species No. species NO. species 

Total 193 113 200 130 192 195 

a Scale: 1 = free: 5 = intermediate; 9 = Icilled. 
' Species code: 1 = C. b i i u m ;  2 = C. chorassanicum; 3 = C. cuneatm: 4 = C. echinosoem; 

5 = C. iudaicum; 6 = C. pinnatif idm; 7 = C. reticulatun: 8 = C. y m s h i t a e .  
Lvaluation for w i l t  was done a t  I s t i t u t o  Sperimentale per l a  Patolcqia Vegetale, Rome. 



Table 2.1.7. So- of resistance to biotic and abiotic stresses 
identified between 1978 ard 1991. 

Stress 

m y t a  blight ILC 72, IIC 182, ILC 187, ILC 200, ILC 2380, IIC 
2506, ILC 2956, ILC 3279, ILC 3856, IIC 4421, ILC 
5586, IIC 5902, ILC 5921, ILC 6043, ILL: 6090, ILL: 
6188. 

Fusariun wilt ILC 54, IU: 240, ILC 256, ILC 336, ILC 487. 

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

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

Drougflt FLIP 87-59C. ILC 6104, ILC 6118 

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

2.1.2.4. Multilocatim evaluation of chickpea gennplaw. and breeding 

lines for resistance to mmchyta blight 
one hundred ninety-one chic- lines amprising 40 desi (10.2) and 31 

kabuli (ILC) germplasm accessions and 120 kakuli breeding (F'LIP) lines 

were evaluated for m y t a  blight resistance at 48 disease-endemic 

locations in 20 countries (Algeria, Bangladesh, Eulgaria, cypms, Egypt, 
Franoe, Greece, India, Iran, Italy, Jordan, Lebanon, Morccm, Pakistan, 

Portugal, spain, Syria, Turkey, misia, and u.s.A.) wer a pricd of 

seven years (1983-1989). 'Ihese lines were tested through the Chickpea 

International m y t a  Blight N m r y  (CYIBN). The evaluations were 

done in the field under both natural and artificlal epiphytotic 

corditions. The blight severity of lines was scored following a 9-point 



T a b l e  2.1.8. SOW of resistance (rating 1 or 2 on a 1-9 x a l e )  i n  
w i l d  s p e c i e s  to biotic and a b i o t i c  stresses. 

stress S o u r c g  of resistance 

Asccchyta b l i g h t  

Fl lsar ium w i l t  

Leaf miner 

C. iudaicum: I W C  30-2, IWC 30,'s-1, I W C  31/5-1: - 
C. pirulat if idum: IWC 30-1. - 
c. - : 20: c. echinosoernnrm: 4; C. judaicum: 
31: C. pinnatifichrm: 6: C. r e t i d a t u m :  11. Out o f  
these: c. biiwum: IWC 7-1, IWC 8-3, ILWC 32 -2; 
C. echilvxwmm - : I L K  35,'s-1, I W C  39; C. 
judaicum: I W C  4/3, IWC 20/5-1, IWC 46: C. 
pinnat i f idum:  IWC 22-2, IWC 29/5-2; C. 
r e t i cu l a tum:  ILWC 21-14, ILWC 36/3. 
C. c h o r a s s a n i m :  IWC 23/3; C. cuneatum: ILWC - 
37/7; C. judaicum: IWC 4/1, I W C  4/3, IWC 4/4, 
IWC 20/3, ILWC 20,'s-2, I W C  31-2, ILK 33/S-9, 
IWC 33/5-10, ILWC 37,'s-2. ILK 41/1. ILK 43/1. , . . . 
IN 46; & yannshitae: '  ILWC 3-2. 

C a l l o s o b ~ c h u s  - C. : ILWC 7-1, I W C  7/S-5, ILWC 7/5-11, 
c h i n e n s i s  IrWC 7/5-12, ILWC 7/5-14, IWC 7/5-17, IWC 7/5 - 

18, I W C  8-3, IWC 34/5-1: C. c u n e a t m :  IWC 37/7; 
c. e c h i n o s w m m  - : IWC 35/5-1, ILK 3 5 / 9 3 ,  IWC 
39: C. judaicum: IWC 3-1/2. IWC 33/5-6, ILK 
33/5-8. ILWC 33/5-10. IWC 38/5-2, IWC 46: C. - 
A i c u i a t u m :  IG 21- i l l .  

Cyst n e m t d e  - C. : IWC 7-1, ILK 7-2, I W C  7-4, IWC 7/S- 
1, IrWC 7/5-3, ILK 7/S-4, I W C  7/S-5, I W C  7/5-11, 
ILWC 7/5-12. I W C  7/5-14, IWC 7/5-15, ILWC 7/5-17: 
C. ret icul&mn: I& 21-1-3/2) C. p i n n a t i f i d m :  - 
ILWC 212, IWC 213, I W C  226. ILWC 236. 

Cold tolerance - C. : IWC 7-1, IWC 7-2, IWC 7-4, ILWC 7,'s- 
1, IWC 7,'s-3, I W C  7 / 5 4 ,  ILK 7/5-5, I W C  7/5-11, 
IWC 7/5-12. IWC 7/5-13, IWC 7/5-14. IWC 7/5-15. 
I - 1 ,  I W C ' ~ / S - ~ S ,  IWC 8-4; ILK a/s-i; 
IWC 8,'s-3, ILWC 32-2, IWC 42/1, I W C  42/2. 

scale, where 1 = f r e e  from d i s e a s e ,  and 9 = a l l  p l a n t s  killed. Although 

there was c o n s i d e r a b l e  v a r i a t i o n  in the r e a c t i o n  o f  the lines across 

s e a s o n s  and l o c a t i o n s ,  a few lines ( inc lud ing  ILC 72 ,  ILC 182,  ILC 201, 

ILC 202, ILC 2380, ILC 2956, ILC 3279, ILC 3868, ILC 3870, ILC 4421, FLIP 

82-191C, FLIP 83-46C, FLIP 83-49C, FLIP 83-72C, FLIP 83-97C, FLIP 84- 



85C,FL;[P 84-93c, and ICC 3932) sh& resistance in  50% o r  more of the 

locations o r  tests in which they were evaluated. The kabuli germplasm 

accessions that showed broad-based resistance originated either from the 

U.S.S.R. o r  mlgaria;  and the single desi  accession, ICC 3932, originated 

frcnn Iran. Most of the resistant  germplasm accessions were l a t e  

in  m a w i t y ,  tall in stature,  semi-erect i n  growth habit w i t h  small pea- 

shaw &, while the newly developgl breeding lines had medium to l a t e  

maturity, medium to tall stature, and large and ram-shaped seed. 

M.V. Reddy, K.B. Singh and R.S. Malhotra 

2.1.3. Oennplasm hhanoement 

The main objective of this project is t o  develop superior gemplasm for 

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

tolerance, Awxhyta blight resistance, d i n e d  resistance to cold and 

?isccchyta blight,  and tall stature. 

2.1.3.1. Cold 

F3, F4 and F5 generations of crosses hetrYeen cold-tolerant lines of 

diverse origins were grown ciuring 1990/91. Although the  winter was mild, 

it did provide an opportunity t o  eleminate mld-sux~ptible plants. 

Eiqhty-four, 131 and 146 plants w e r e  selected in  F3, F4, F5 generations, 

respectively. q plants of ILC 3279 did not show proinise, hence they were 

rejected. 

Ten FZ and four F3 populations of interspecific crosses of 

cultivated species with C. echinoswnmm and C. r e t i d a t u m  were grown. 

Up to 100 plants each of kabuli type and desi  type with cold tolerance 

w e r e  selected. 

R.8. MalhOtra and K.B. 6-h 

2.1.3.2. m y t a  blight 

2.1.3.2.1. Mutation studies 

Induced rrmtation has been sometimes used in disease resistance breeding 

t o  obtain resistant plants. The chic- d t i v a r s  ILC 1929 and ILC 

3279, which have desirable agronomic t r a i t s  but have no t o  moderate 



levels of resistance t o  Ascchyta blight, respectively, were treated by 

w i n g  seeds to 40, 50 and 60 k~ of gama irradiation and e thybthane  

sulphate (EXS) a t  a ancentration of 0.1% or 0.2%. ?he l-$ generation was 

sown a t  Tel  Hadya during 1990/91 and the f ie ld  was eqmsed to six races 
of AScmhyta blight. Disease severity ratings were taken on an 

individual plant basis twice in the season, f i r s t  a t  the vegetative stage 

for stem infection (mid April for ILc 1929 and mid May for  ILC 3279) and 

a t  the podding stage for  stem and pod infection (early June). Only 

resistant plants w i t h  a di- rating of 3 (on a scale of 1-9) were 

further evaluated a t  the podding stage. 

Of the to ta l  of 3274 plants of ILC 1929 obsemed, only 2 plants had 

a disease rating of 2 4 .  A t  the podding stage, however, the d k s e  

severity rating m e d  from 6-8 and the pod infection from 3-8 (on 1-9 

scale).  A l l  of the untreated ILC 1929 plants used a s  a check received a 

rating of 9 (cconplete k i l l )  from the f i r s t  reading. Of the total 10,084 

single plants tested of the ILC 3279 genotype, 64 plants had a E R  of , 
3 in the f i r s t  rating. A t  the seccad stem infection readings, only 50 

plants were resistant of which only 26 also had a pod infection rating of 

< 3 (Table 2 .1 .9) .  Of the 115 ILC 3279 plants scxeexai a s  normutant - 

checks, only one plant was resistant. 

K.B. S-h and W. KhoUry 

2.1.3.2.2. Fyrwiding of genes for resistance 

Six crosses be- different parents resistant t o  Asmchyta blight have 

keen mde in an attempt t o  pyramid genes for resistance. The FZ 

populations were planted in the f ie ld  in Tel Hadya during 1990/91 and the 

f ie ld  was expssed t o  six races of Ascochyta blight. Disease severity 

readings on individual plants were taken twice in the season, the f i r s t  

for  stem infection and the secord for both stem and pod infection only on 

those plants that  were resistant in  the f i r s t  reading. 



Table 2.1.9. mequ~cy distribution of the disease severity ratings 
(DSR) on stems of the ILC 3279 plants exposed to different 
mutagenic agents. 

rrea* C6R Total no. 
1 2 3  4 5 6 7 8 9 plants 

Total 0 3 61 612 2972 4213 2017 144 62 10084 
Control 0 0 1 1 36 52 23 2 0 115 

A total of 198 plants out of 2036 plants from different mosses were 

resistant to stem infection. Of those, however, ordy 160 plants were 

resistant to pod infection and those have heen harvested and w i l l  be 

further tested in the next season to confirm the i r  resistance. D r .  K.B. 

Singh. 

K.B. Singh and W. Khoury 

2.1.3.3. Canbined resistan- to cold and Aswchyh blight 

Six F2 populations, and F3, Fq and F5 prcgenies were gmwn in  cold and 

kxcchyta blight nurrery. The winter was mild, but Asccchyta blight 

developed in epidemic fom. Plants having a rating of 3 or  less for both 

stresses were selected. We selected 12, 17, 23, and 130 plants from F2, 

F3, Fq and F5, respedively. 

K.B. Singh and R.S. Malhotra 

2.1.3.4. ~ l l l  stature 

Five hundred plants from each of six cresses between tall lines of 

diverse origins an3 types were grown. Three crosses did not have any 

p d s i n g  tall plants, hence those populations were rejected. Fifty tall 



plants f m  the m i n i n g  three crmses w e r e  bulk hatvested and qrcun in  

summer nursery. Ninety-six tall F3 plants were selected i n  the off- 

season. 

K.B. Singh 

2.1.4. Develqment of IqIoved -lam for Wheat-based Gysteas 

.rtlo breeding mthods, namely (1) back-pedigree m t h d  for  breeding cold 

and hscmhyta blight-resistant chickp?as and (2) bulk-pedigree methd for 

breeding cold, A s a x h y t a  blight- and W t - t o l e r a n t  chi-, have 

been develop3 a t  ICARDA. The f i r s t  method was described in  the program 

annual report of 1989 and the seoond one in the annual report of 1990. 

Both mth& take f u l l  advantage of the off-season nursery and cult ivars 

are developed in a period of f w r  years. Following these methods a 

n m b r  of lines have been bred and shared w i t h  NARSs and have been 

released as cultivars. 

K.B. Singh 

2.1.4.1. Segregating generations 

W i n g  the 1990/91 season, 361 crasses were made, of which 242 were grown 

in  the off-season d u r w  1991. F,, F3 and F, bul)cs were gmwn in  the 
p r i C d  between the off-season and main season (Table 2.1. l o )  . &ut 

15,000 p r c g ~ y  mw w e r e  qrcun betwen winter and spring seasons. A 

t o t a l  of 412 pranising and uniform F5 and F, progenis  were bulk&. ? h e  

bulked lines were grown i n  the offseason and purified seeds have been 

harvested fo r  multi-season evaluation. 

?he 1990/91 season had a mild winter, hence effective selection for 

cold tolerance could not be made. A s c a h y t a  blight developed in 

epiphytotic fonn and effective selection w a s  made against this stress. 

Since t h i s  season was a dry year, it provided an op~ortuni ty  t o  select 

material resistant  t o  drought. Like winter, summer was mild. Therefore, 

the m t e r i a l  was advanced well in summer nurseries. 

K.B. S i q h  



Table 2.1.10. chi- breeding material grcm at Tel Hadya during 
winter ard spring and at Txhl during off-season, 
1990/91. 

Generation No. of tulk,' No. of NO. of 
p@ny gmwn plants selected bulkedprqenies 

2.1.4.2. Yield performance of newly bred lines 

'Iwo hunk4 and eighty-eight newly bred lines were evaluated in 

preliminary yield trials (PYR) and 168 lines i n  advanced yield trials 

(ArPS) for yield at three locations (Tel Hadya, Jirderess and -1) and 

in two -ns ( w i n t e r  and spring). Several lines were superior in yield 
over the check, althaqh only a few w e r e  significantly better (Table 

2.1.11). ?he 1990/91 season was favorable a t  Terbol station a d  a few 

lines produced over 4 t/ha seed yield. Although yields were low at Tel 

Hadya due to drought, the win te r - sown  trials produced 250% more yield in 

Prrs and 128% in Ak"k indicating the superiority of w i n t e r  chicQea over 

spring. Furthenrare, the yield of w i n t e r  chi- was more than 100% 

w e r  spring chic- in both Prrs and A%. 

K.B. Singh 



Table 2.1.11. P e r f o m  of newly developed l i ne s  during w i n t e r  and spring a t  Tel Hadya, 
Jindiress and Tertol, 1990/91. 

-tion NO. of Entr ies  
and season t r i a l s  Tested Exceeding Signif .  

ch& exceeding 
check 

Te l  Hadva 
-Winter 19 456 219 17 
-spring 19 456 28 9 

Yield Rame f o r  
Mean of Mean Of C.V. LSD 
locat ion h i@~es t  (%)  (E0.05)  

y ie ld  (kg ha) 
(kg ha) 



2.1.4.3. Evaluation of breeding lines to six races of A. rabiei 

In  the 1980s (1980-89), w e  developd 1344 chickpa l ines  including 970 

resistant and 374 tolerant lines. Screening of breeding material w a s  

done by inoculating plants w i t h  (a) disease3 debris collect& in the 

previous years (1980-83), (b) diseased debris supplar.ente.3 by s p r e  

suspension prepared from four races and (c) d i b  debris supplemented 

by spray of spore suspension prepared from s ix  races. Of the 970 

resistant lines, only 117 l ines  o r  12% lines m i n e d  resistant when they 

were screened against di- debris and six races of A. rabiei in  1991 

(Table 2.1.12). 

A comparison between inoculation by diseased debris alone and 

diseased dpbris plus four races to disease debris plus six races revealed 

that 9.95% of lines found resistant when using debris were also resistant 

when debris plus six races were used, whereas 18.07% of lines found 

resistant using debris plus four races w e r e  resistant when debris plus 

six races were used. Proper conclusions cannot be drawn fm 1989 

screening because the disease did not develop in epidemic form because of 

an extremely dry and warm spring. m v e r ,  117 l ines  were  found 

resistant using debris and s ix  races and three of them (FLIP 84-79C, FLIP 

85-86C and F'LIF90-103C) had a 2-rating. These resistant l ines  w i l l  be 

valuable in the future breeding prcgram. 

2.1.4.4. Winter sewing 

2 . 1 4 4 1  Perfonranee of newly bred lines at ICAPLa sites 

A ccwparison of spring versus winter w i n g  has been made over eight 

years (1983/84 to 1990/91) a t  three sites (Tel Hadya, Jirderess and 

~ e r b l )  , using colronon breeding lines (testing between 72 and 486 l ines) .  

The winters of 1984/85, 1988/89, and 1989/90 w e r e  more severe than n o m l  

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

Tel Hadya) w e r e  drier than n o m l .  

The seed yield data in Fig. 2.1.1 showed that winter- t r i a l s  on 

average produced 1586 kg/ha against 927 kg of spring-sown t r i a l s ,  giving 

71.1% o r  659 kg/ha more yield. The yield differences between w i n t e r  ard 
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spring were l q e r  during dry %sons than in noml %sons. Wing an 
abnomlly cold year (1984/85), yields of winter-sown trials were lower 

than spring-sown trials. m t  this trend was reversed during the 1988/89 

an3 1989/90 seasons which were also very cold, because of deliberate 

selection for wldtolemnce since 1984/85. Breeders usually select the 

top 10% for further evaluation an3 pssible relaase: this 10%- top 

yielders in winter sowing prcchlced 133.0%- or 1233 kg/ha m e  than the 

mean yield prcduced in spring over eight year;. Many lines produced mre 

Umn 4 t/ha seed during winter especially in the favorable envimnment of 

Terb1. Obviously, there is a big advantage of winter sowing over 

spring. 

K.B. siwh 

2.1.4.4.2. Adoption of winter chidpea in the Meditarranean envirornnsnt 

Moption of winter chickpa by farmers began in Cypms during the 1984/85 

season and by 1990/91 nearly all spring chickpa area was replaced by 

winter chickpa. Syrian farmers were next to adopt winter chic- and 

by 1990/91 an estimated 10,000 ha was sown during winter. All eastern 

Mediterranean camtries including those in West Asia, North Africa an3 

southern Europe (Table 2.1.13) have inbnlucd winter sming. m e  

technology has been aaaepted, but the mjor bottleneck in speedy spread 

of winter chi- is the non-availability of seed. 'Ihe concept of 

winter wing of chic- in Mediterranean enviromts has reached other 
continents. California (U.S.A.), which grew chickpea during spring, has 

now intrcduced winter sowing in Central Valley. Nearly all chic- area 

in western Australia is sown in winter. Likewise mile has introduced 

winter wing of chickpa. 

It is encouraging to note that winter chi* srea is increasing as 

is evident from Figure 2.1.2. 'Ihe area increased from 1000 ha in 1988 to 

an estimated 30,000 ha in 1991. It is m e 3  that the adoption rate 

will increase because of higher availability of seed. 



Table 2.1 .u .  An estimation of adoption of winter chi- in the 
W i t e r a w a n  e n v i r o m t .  

Country Estimated area (ha) 
1990/91 

West Asia 
cyp- 
Iras 
Jordan 
Lebanon 
Svria 

Algeria 
ngypt 
Moroz&o 
h i s i a  
-pe 
FYance 
Italy 
='J-1 
Spain 
Australia 
Western Australia 
North America 
U.S.A. (California) 
South America 
Chile 

Total 30,900 

Y u n  

Figure 2.1.2. Estimated adoption of winter chi* in the Mediterranean 
environemnt. 



2.1.5. Strategic Research 

2.1.5.1. Studies on dPDUght tolerance 

Chic- is considered to be a drought-tolerant crop, but little research 

has been conducted on kabuli chic- in a Mediteranean enviromt. A 

line-source sprinkler system is being used to evaluate genotypic 

differexes, but a xzesniq technique is neoessary that pennits 

evaluation of a large number of gemplasm and breeding materials for 

tolerance to drought. Sine the ~ n p  e x p r i m  terminal drought, it 

was thought worthwhile to test the effect of delayed spring sowing to 

accentuate the stress effects to permit identification of genotypic 

differences in drought tol-. An experiment with four sowing dates, 

28 Feb (noml sowing date), 10 Mar, 20 Mar, and 30 Mar and 25 genotypes 

vary% in mturity, plant height, seed size, and seed yield, was 

conducted at Tel Hadya during 1990. 'RLis study inrlicated that sowing on 

Mar 20 or 30 can be effective in distinguishing drought ard heat- 

susceptible lines from tolerant ones. Follwing this lead, we chose to 

repeat this experiment by sowing on 28 Feb and 20 Mar 1991 with and 

without irrigation. m e  plot size was 4 rows, 4 m long with 30- row 

spacing. Split-plot design was used with three replications for each 

date. Observations were collected on 15 morphological, phenolcgical and 

seed characters. In addition, the an~unt of soil moisture was determined 

at sowing, am3 plant count at "erg- and mturity, percent of 

emergence, and canopy temperatures at late vegetative, flowering and pod 

filling stages were recorded. 

Mean performance of genotp for 14 character; at each date and for 

rainfed and irrigated conditions is shown in Table 2.1.14. mere was a 

gradual reduction in the p e r f o m  for all characters with delay in 

sowing from first to second date. However, Seed size an3 yield, 

biolqical yield am3 harvest index were higher with irrigation over 

rainfed. Mean seed yield of 26 genotypes on two dates of sowing and two 

water regimes are given in Table 2.1.15. Same genotypes, namely FLlP 87- 

58C, FLIP 87-59C, ILc 6104, and IIK 6118 prorluced gmd yield on both 

dates of sowing under rainfed conditions, but their perfomce under 

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



such as F'LIP 85-142C, IU3 72, ILC 3279 an3 FLIP 86-12C produced little 

yield on the first date of sowing, but virtually no yield was pmduced by 

them on the second date of sowing under rainfed conditions. Their 

perfomce under irrigated conditions was equally bad. 'Ihe f o m r  group 

of genotypes was early in maturity mile the latter group was late in 

maturity. T h e  irrigation treatment was included to obtain potential 

yield to enable caparison with the yield obtained under moisture stress 

mnditions. T h e  W t  performing lines mder rainfed conditions (i.e., 

drought tolerant ones) produced 50-60% of the potential yield on the 

first date of swing an3 35-45% of the potential yield on the seccold date 

of wing, whereas the drought-susceptible lines pm2txxx3 less than 10% 

of the potential yield. There was no association between the p e r f o m  

of genotypes under rainfed and irrigated conditions. 

Table 2.1.14. MBan p e r f o m  of different characters on two dates and 
two levels of moisture regimes during the 1991 spring. 

Dates of planting 
Characters 20 Mar Mean Genotype 

Rain Irrig. Rain Irrig. Rain Irrig. mean 

Days to flowering 59 59 48 50 54 55 55 
VigoP 2.3 1.9 2.8 2.8 2.6 2.4 2.5 
%  round cover 53 82 33 57 43 70 57 
Days to maturity 90 101  8 1  9 1  86 96 9 1  
Plant height (an) 26 32 20 26 23 29 26 
Prh31y branches 7.8 8.9 7.0 7.4 7.4 8.2 7.8 
secondary branches 12.1 20.7 9.8 13.3 11.0 17.0 14.0 
No. of pods 15 33 13 34 14 34 24 
No. of filled pods 12 29 11 29 12 29 2 1  
% of filled pod 63 87 52 86 58 87 73 
1 0 0 4  weight (g) 23 27 23 27 23 27 25 
Seed yield (kg/ha) 288 786 102 676 195 731 463 
Biol. yield (kg@) 1074 2471 635 2025 855 2248 1552 
Harvest indm (%) 25 32 20 37 23 35 29 

a Scale: 1 = msat vigorous: 5 = least vigorous. 



T a b l e  2.1.15. Yield  p e r f o m  (luyhl) on two dates and a t  two levels o f  r ro i s ture  
reqimes d u r i n g  the 1991 sprirr). 

Dates o f  plantitq 
htV 28 Feb 20 Far Mean 

Fain % o f  Irria. Fain % o f  Irria. Fain % of Irr io.  
Y(R) irrig. Y(R) Y(R) i r r i q .  Y(R) Y(R) i r r i g .  Y(R) 

FUP 87-7c 4 2 i i 7 ) '  38.7 108?i3i  m ( i 4 j  8 .3  999i3 j  2 5 2 i i o )  24.2 
FLlP 87-8C 405(8) 33.0 1227(2) 187(7) 23.3 803(8)  296(7) 29.2 
FLIP 87-51C 365(9) 47.7 766(15) 129(10) 11.4 1135(1) 247(11) 26.0 
FLIP 87-58C 559(1) 65.0 860(10)  284(2) 47 .1  603(17) 422(1)  57.7 
F U P  87-59C 492(3) 55.8 882(8)  289(1) 42.8 676(13) 391(2) 50 .1  
fLIP 87-80C 48(24) 12.2 393(25) O(25) 0.0 531(20)  24(24)  5.2 
FLIP 87-85C 493(2) 51.4 960(6)  138(9)  24.2 570(19) 316(5)  41.3 
I I C  710 322(12) 52.3 616(20) 55(15) 5 .6  987(4)  189(15) 23.6 
ILC 830 284(17) 50 .6  561(23) 48(16) 6.8 704(12) 166(16) 26.2 
I I C  1130 289(16) 33.8 856(11)  1 4 ( 2 0 )  2 . 0  714(11) 152(17) 19.4 
I I C  1141 182(20) 17.3 1052(4) 24(18) 2.7 898(6)  103(19) 10.6 
I I C  1687 346(10) 54.3 637(19) 202(6) 26.6 759(9)  274(8) 39.3 
1 I C  1748 310(14) 44 .1  703(16) 113(12) 16.9 669(14) 212(13) 30.9 
1 I C  6104 438(6) 50.1 875(91 224(4) 33.6 666(15) 331(4) 42.9 
I I C  6118 474(4)  55.9 848(12)  257(3) 39.2 655(16) 366(3)  48.7 
1 0 2  4958 450(5)  35.4 1270(1)  164(8)  15 .1  1088(2) 307(6) 26.0 
Mean 288 3 6 . 6  786 102 15.1 676 195 26.7 
C.V. 
SE o f  d i f f e r e n c e  between two d a t e  neat3 

SE o f  d i f f e r e n c e  between two e n t r y  
SE of d i f f e r e n c e  between two entry neans a t  the same level o f  the d a t e  
SE of d i f f e m  between two d a t e  neat3 f o r  the same entry rn or f o r  

d i f f e r e n t  levels of the entry 

" Y = seed y i e l d  in kq/ha, R = rank. 



Correlation coefficients were estimated between seed yield and 13 

variables on all four envirorrmerrts (Table 2.1.16). Under rainfed 

corditions, seed yield was significantly correlated with earliness 

(flowering and maturity), plant vigor, shoot bica~ss and 100-seed weight 

in both dates of sowing. Seed yield with was not correlated plant 

height, branchkg and pod characters. Unjer irrigated conditions, only 

shoot bimas was asscciated with seed yield. 

Table 2.1.16. Correlation of seed yield with other variables on two 
dates and two levels of moisture regimes at Tel Hadya in 
the 1991 spring. 

Variable Date of sowins 
128 Febl (20 Marl 

Rainfed Irrigated Rainfed Irrigated 

Days to florrering 
Plant vigor 
% Grnuul cover 
Days to maturity 
Plant height (an) 
mimazy brarches 
Secondary bratxhes 
R>3 n m h r  
Filled pod 
% filled pod 
shoot bimss (kg@) 
Harvest index (%) 
loo seed weight (g) 

Based on two years' results, it is concluded that early flowering and 

early plant vigor are the two most impgrtant traits associated with 

drought tolerance, functioning as escape mechanisms. Although study has 

been conducted only one year with and without irrigation, it seems that 

breeding mterial and gemplasm could be screened under drought-stress 

conditions. In the first year of study, 20th March was found most 

appropriate to screen material, whereas the w n d  year results indicate 



that both 28 Febluary and 20 MX& are suitable dates for sowing material 

for dmu#~t tolerance studies. 

K.B. Singh and M.C. 

2.1.5.2. Study on plant ideotype 
The chi- plant in the p-t form is inefficient in utilization of 

addition31 inputs (nutrients and water). Ihe short stature of the plant 

makes it difficult to harvest by machine. AS a result, inproverent in 

seed yield has beM limited. Therefore, there is a need to tailor the 

chidp?a plant such that it gives high seed yield utilizing inputs 

efficiently and can be harvested by machine. We selected from breeding 

material five different plant types: tall stature, long fruiting 

branches, tree m, bushy, and prostrate. In each class, three 

geno- were chosen with nearly the same maturity pericd. This 

expriment was conducted during 1989/90 and repeated during the 1990/91 

season. The trial was sown in the (first we& of Cec) with three 

replications at two row spacings (30 an and 45 an apart). The plot size 

was 6 rows of 4 m long. 

Observations were recorded on seed yield and 12 other characters. 

The tree type group praiuced the highest seed yield (2596 %/ha) followed 
by the bushy type group (2566 @/ha) (Table 2.1.17). The prostrate types 

produced the lowest yield (1788 kg/ha). Spacings did not influence the 

seed yield greatly. Most groups produced slightly higher yield at wider 

spacing except the group with tall genotypes. FUrthenmre, plant type 

alone did not M e  a group high yielding. Of oourse, genotypes with 

prostrate grmth habit did not pro3uce high yield, and should be droFped 

from ideotype studies. It seens that genes for yield EUJI in different 

plant types which should be exploited in a planned hybridization pngram. 

K.B. singh 



Table 2.1.17. Seed y i e l d  ard other a t t r i b u t e s  as inf luenced by d i f f e r e n t  p l a n t  type ard rcw spacing a t  T e l  Hadya, 
Syria, 1990/91. 

olaraders Prostrate tvce Tree T a l l  tvce tom f i u i t i m  Exshv tvDe 
3- 4%" Mean 3 m 4 5 c n  Mean 30cm 45an Mean 3 c a l 4 5 o n  rn 3 m  4- Mean 

N c d e s / m a i n  stem 20 23 22 22 20 2 1  24 25 25  23 22 23 21 21 2 1  
canOpywid th(cm)  77 84 8 1  30 30 30 28 3 1  30 32 29 3 1  27 29 28 
Frim3ry branches 4.0 4.2 4 .1  3.4 3.6 3.5 3.3 3.3 3 .3  3.7 3.6 3.7 3.9 3.8 3.9 
S e C O n d a r y b ~ e 5 1 1 . 3  7.8 9.6 6.8 6.3 6.6 7 .1  6.9 7.0 6.1 5.9 6.0 6.7 6.9 6.8 
Fc&/plant 3 1  34 33 28 26 27 26 28 27 24 24 24 3 1  28 30 
Seeds/plant  26 32 29 30 29 30 22 25 24 23 24 24 28 26 27 
8. v i e l d  1k4/hal 4424 5382 4903 5547 6240 5894 5891 6240 6111 5381 5526 5454 5327 5685 5506 ~ ~- ...~ 
See& yield i 'kqjm) 1760 1816 1788 2543 2648 2596 2193 2135 2164 2187 2299 2243 2537 2595 2566 
1 0 0 - s e e d w e i q h t ( q )  30 31 31 30 30 30 34 34 34 33 30 32 31 32 32 



2.1.5.3. Auturm saring 

After developing winter chickpa technolcgy for  the medium t o  low 

elevation areas of the Mediterranean region, we investigated the 

possibil i ty of autumn m i n g  of chickpea. We chose 12 lines including 

eight l ines  having resistance and/or toleranoe to both m y t a  blight 

and cold, two released c u l t i v m  of Syria for  winter sowing and two wld-  

susceptible l ines.  The plot  s ize  was 4 m long, rows spaced a t  45 an 

apart. Split-plot design was used with dates of sowing a s  min plots and 
entr ies  a s  subplots w i t h  three replications. 'Ihe experiment was sown on 

three dates including autmn (1 O c t ) ,  winter (I  Dec) and spring (1 Mar) 

and was wnducted for  three years from 1988/89 t o  1990/91. Since a u t m -  

sown plots  had t o  be i rr igated,  the ent i re  experimental plot  was 

irr igated t o  provide equal roisture r e g k .  In  1988/89 the autumn-sm 

plots were damaged by herbicide hence no resul ts  were obtained. In 

1989/90, a severe spell  of cold occurred on 17 Mar 1990 suddenly w i t h  

temperature fa l l ing t o  -8.9~C. Hence a l l  the autumn-sown entr ies  were 

kil led,  while winter sown crop was partly damaged and spring-sown crop 

wnpletely escaped the w l d  damage. In  1990/91 the autumn-scam crop grew 

w e l l  but in early April it developed severe infestation of Orobanche spp. 

The yield data for  1990/91 season are given in Table 2.1.18. On an 

average, autumn-sown t r i a l s  prduced 566 kg/ha yield against 902 kg of 

winter-sown t r i a l ,  giving 59.4% lower yield. It is concluded from t h i s  

study tha t  the presently available chickpea l ines  are  not suitable for  

autumn sowing because of the i r  susceptibility t o  herbicide, cold and 

Orobanche. %re m y  be addit ioml probl- assmiat id  w i t h  a u t m  

planting. 

2.1.6. Studies on Wild Species 

2.1.6.1. Karyotyp analysis 

The detailed k a q ~ o t p  analysis of eight annual Cicer species, viz. C. 
arietinum, C. M, C. cuneatum, . e c h i n o s m m ,  C judaicum, C. 
pinnatifidum, c. reticulatum and g. yannshitae, was carried out by 

applying the new oomprterized image analysis system. 



Table 2.1.18. Seed yield of autumn-, winter- and spring-sown chi-s 
at Tel Hadya, Syria. 1990/91. 

Seed yield (kqha) 
~utumn Winter Wins 

FLIP 81-16C 
Mean 
C.V. (%) 
L.S.D. at 5% 

Ihe karycmrpholcqical parameters (chronasm length and arm ratio) 

were utilized for ccmpting the ]caryotypic synnretry of each species with 

two classification methods. With Stebbins's method, the species were 

arrarqed in three categories or groups, different for aqmxetry level 

(evolution). Greiluber and Speta's methcd, which uses the Resemblance 

Between and Symetric indices, sorted the eight species in 

two grwps, 1st group: C. arietinum, C. retidatum and C. -; 
2nd group: the remaining five species. Within each grouping, it is 

possible to obtain fertile hybrids through crosses. 

B. Ocampo, G. Venora, A. Errico, K.B. Singh and F. Gaccardo 

2.1.6.2. Interspecific hybridization 

Interspecific hybridization anmng the nine m u a l  Cicer species was 
studied f m  1987 to 1990. The objectives were  to lMke crosses among 



Cicer species and to explore the pssibility of inp,ruving chi* (w 
arietinum L.) through the intrqrcsion of genes from the wild Cioer 
species. A 9 x 9 diallel cross amprising all the nine annual Cicer 
species (one cultivated and eight wild) was attmpted during the 1987/88 

season and the F,s were studied during the 1988/89 season. Wing the 

1989/90 season, data were collected from F,s, F2s, and parents from the 

four out of eight succe~sN crosses. We confirm the earlier findings 

that crosses can be made between 6. arietimnn and C. reticulatm, C. 

biiucrum and C. judaim, and C. pbtifidum and C. judaicum. Included 

in new findings were that (a) F2 and later generation seeds were produced 

from the cross C. arietinum x C. e c h i n ~ w m  and its reciprcxal, and 

(b) C. e c h i n o s m  a d  C. reticulatum can be crossed. 'Ibird, high 

hybrid vigor (up to 153%) was observed in F,s of two crosses, C. arietinum 

x C. echinoswm and C. arietinm x C. reticulatum, which was retained 

to an extent of 20% in F2s. 'Ibis sqqests the possibility of inproving 

seed yield in chic- through intrqression of genes from wild 

species. Other conclusions from this investigation were that cultigen 

should be used as a female parent in interspecific hybridization and more 

dtigens should be used if the objective is to develop high-yielding 

cultivars . 
K,B+ S W h  and W. B. Ocampo 

2.1.6.3. Confirmation of new interspecific crosses 

Confirmation was obtained of new interspecific crosses (C. arietinm x C. 
echinosperh and C. echinoscem x C. retidatum). We confirm3 that 

C. arietinum C. can be crossed e c h i m w m  and C. echinoscem can be - 

crossed with C. reticulatum as reported last year. Earlier we succeeded 

in making crosses of C. arieth with C. e c h ~ m  using W l i  

type, but this year we confim that such cusses are possible using 

both desi and kabuli types. We collected information on 12 characters 

including seed yield in F, of seven interspecific crosses using kabuli and 

desi cultigen and two wild annual species mentioned above (Table 2.1.19) . 
Unlike previous study, no significant heterosis for seed yield was 

observed in seven interspecific crosses. It seefis that heterosis m y  not 

be expressed in all cross combinations, but it is present only in certain 



Table  2.1.19. AMlysis  of & y i e l d  and 11 other variables of and F,s in 
i n t e r s p e c i f i c  crmses of grown a t  Tel  Hadya, Syr ia ,  1990/91. 

Days to 
f lower  

C. a r i e t inum kabul i  (K) 130.0 bcl - 
C. a r i e t h  d e s i  (D) 126.0 ale - 
C. echinostxrmum (E) 134.5 b - 
c. r e t i c u l a t u n  - (R) 126.5 cde 

KE 127.5 cde 
EK 145.0 a 

Days to P l a n t  Canopy Princlry Smm%uy 
mature h e i g h t  width b h  branch 

( a )  ( a )  (no.) (no. I 

185.5 ab 41.5 a 57.0 a b  3.9 abcd 19.0 ab 
176.5 IE 38.2 ab 45.8 def 4.4 ab 10.3 b 
176.0 c 10.3 e 40.4 efg 3.9 abcd 12.0 b 
181.0 ab 15.5 e 44.6 def 4.4 ab 15.2 ab 

173.0 c 33.5 b 56.5 abc 3.6 bcd 12.3 b 
176.5 bc 35.1 ab 48.3 cde 3.1 cdef 10.2 b 
182.0 ab 35.8 ab 58.0 ab 5.0 a 21.8 a 
183.0 a 9.0 e 32.0 g 2.5 ef  11.5 b 
180.0 ab 31.5 kc 64.3 a 4.1  abc 18.9 ab 
180.0 ab 25.3 cd 49.4 bcde 2.4 f 13.2 ab 
179.5 ab 25.0 cd 37.7 fg 2.8 clef 11.0 b 
178.0 abc 33.8 b 53.1 bcd 3.9 abcd 15.3 ab 
183.5 a 23.6 d 55.7 abc 3.4 bcdef 15.7 ab 

- - - 

' Analysis  was done following aulcan's d t i p l e  range test, where e n t r i e s  having 
saw letters are n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  5% level. 



Table 2.1.19. Cont'd. 

Parent/F1 poas/plant S&/plant Seed Biol.  Harvest 100-seed 
(no.) (no.) y i e l d / p l a n t  y ie ld /p lan t  index weiqh t  

(9) (9) (9) 

C. a r i e t i n m  kabuli (K) - 
C. a r i e t inumdf f i i  (D) - 

F, between W 
DK 

146.1 a' 
100.6 ab 

34.9 d 
45.9 bcd 

146.1 a 
84.6 bcd 

94.2 abc 
49.5 bcd 
65.5 bcd 
52.0 bcd 
36.6 cd 
29.4 d 
57.3 bod 

75.0 cde 
21.5 e f  
55.2 def 
40.5 ef  

0.38 C 
0.25 de f  
0.31 cde 
0.38 C 

' A r l y s i s  was done following [Xmcan's mul t ip le  rarqe test, where entries having 
same letters are not  s i g n i f i c a n t l y  d i f f e r e n t  a t  5% leve l .  



specific cross combinations. ~ ~ w e ~ e r ,  higher heterosis was observed when 

4tigen was used as a f&e parent than when wild accession was used as 

a female parent. 

R.B. singh and B. c k x n p  

2.1.6.4. Study of transfer of elyield genasll fm wild to cultivated 

species 

Material including pxents, Fl ,  FZ, F, an3 F, bulks of four interspecific 

cmsses were gmwn at Tel Hadya, Syria during the winter of 1990/91. 

Ceta have been collected for 12 characters in all the four crosses. 

While data are being compiled for others, results of yield from ane cmss 

are shown in Table 2.1.20. 

Table 2.1.20. Seed yield of parents ard Fl to F, generations of a cross 
C. arieth (ILC 482) x C. echhcsemm - 3 3 ,  grown 
at Tel Hadya, Syria, 1990/91. 

Yield (q/ulant) 
m and S.D. Range 

/ Analysis was done following Ixulcan's nultiple range test, where 
entries having same letters are not significantly different at 5% 
level. 

Hetemsis occurred in population means in F2 to F, generations, 

inlicat- thereby that plants with yield higher than the cultiqen can be 

selected. Granted those plants may have many Wesirable attributes but 

they will he useful in a cmssing pmgram for generating hiqh-yield+ 

lines. 

K.B. 6-h and B. Ocanpo 



2.1.6.5. New cross ambinations 

We crossed four cultigens w i t h  C. w, C. j u d a i m  and C. 

pinnatifidum and prduced wxne seeds. They w i l l  be evaluated next season 

for  genuineness of the i r  crosses. 

X.B. Singh B. Ocampo 

2.1.6.6. Transfer of genes fnm wild to cult ivated species 

W e e  separate p w  t o  transfer gene(s) from wild Cicer species t o  

cultivated species fo r  (a)  resistance t o  cyst nematode, (b) cold 

tolerance and (c) yield genes have been init iated.  The f i r s t  backcrosses 

has ken made. 

K.B. singh and R.S. Malhotra (I-), N. GI--, and M. D i  V i t o  ( I t a ly )  

2.1.7. Quality of Chickpea 

2.1.7.1. Protein mntent i n  n m l y  developed l i nes  

m e  differences i n  the pmtein content of chic- from winter and spring 

sowing have been studied since 1987/88. There was l i t t l e  differences in 

the protein wntent  because of date of w i n g  (Table 2.1.21 and 2.1.22 ) . 
K.B. Shgh  

Table 2.1.21. Mean protein content ( % )  of the entries gram in two 
seasons (winter and spring) and four years (1987/88, 
1988/89, 1989/90 and 1990/91 a t  Tel Hadya, Syria. 

Year No. of ent r ies  Season 
Winter Spring Winter spring 

1988/89 
1989/90 
1990/91 
Mean 

2.1.7.2. SUNey of usage of chic- i n  Syria 

A detailed survey of various t k p e s  of usage of chic- i n  Syria was 

conducted i n  1991 in collaboration with the University of Deir Azzor. 



Table 2.1.22. Mean protein d e n t  (%) in  13 preliminary yield t r i a l s  
grown during winter and spring a t  Tel Hadya, Syria, 
1990/91. 

Name No. of entries Protein content C.V. (S.E.) 
winter spring w i n t e r  Spr- w i n t e r  spring 

Mean 
Check 

E = Early: T = Tall; L = Iarqe. 

While a detailed report is king prepared, a few salient pints are 

described here. Twenty-four types of preparations are made from 

chidpsa. An i np r t an t  finding was that  chic* is used a s  a yeast 

substitute in  cake preparation. C o n s m e r s  prefer the large-seed s i z e  in  

the villages, whereas they like medimseed s i z e  i n  the c i t i e s .  Chic* 

c o w i o n  was highest in  those villages where it is prcduced followed 

by that  in cities. In  villages where chi- is not produced, it is 

either not consumed or  it is c o d  very little. The most preferred 

usage of chi&pa in the cities i n  descending order is Hm-Bi- tehineh,  

Falafel, -01-Bi-Mrmmos, Riz-Bi-Hm, aml MdamehNalha, whereas i n  

the villages, the mt inportant chi- preparations are Burghol-Bi- 

Honm'cs, Hm-Bi-EEmnadora and Honm'os-Bi-I-. Obviously, different 

preparations are made from chi* in  villages campared with c i t ies .  

A. El-Saleh, K.B. Singh and M.C. saxena 



2.2. Application of Wlecular Techniques in C h i d ~ a  IlnpIOVenent 

2.2. I. DNR Fingerprinting in Chi- 

M y t a  blight is best controlled by host-plant resistance. 

Identification of resistant qenotyps with classical field and greenhouse 

selectionprwxdures depends on availability of inoculum and results are 

strongly influenced by environmental variations. Selection is restricted 

to the generations when the breeding mterial is eqosd to the 

disease. Selection of potential parents for crossing and breeding 

material with high level of resistance could be inproved if molecular 

marlcer-assisted selection could he done. Our objective is to produce tNA 

fingerprintderived mlecular markers which are closely linked to lcci 

(genes) contributing to Ascochyta blight resistance. To develop these 

markers, DNA fingerprintderive3 fragments which correlate with the trait 

of blight resistance have to be identified in F2 and subsequent 

ppllations. Fig. 2.2.1 and 2.2.2 show, as a successful Irdel, the 

segregation of tNA fingerprintderived fragments in two crosses between 

Cicer arietinm and echinoscermm. 

To identify fraqents which correlate with the trait of blight 

resistance, prents with contrasting reaction to Asachvta rabiei were 
used to develop the necessary Fz population Fig. 2.2.3. ? h e  will be 

fingerprinted soon. 

In collaboration with the University of Fr-, Genmny, the 

application of Polymerase Chain Reaction (PCR) technolw was further 

pursued. To develop informative primers mre than 30  

oligdeoxynucleotides have been synthesized and evaluated. Fig. 2.2.4 

shows the amplification fingerprints generated with the duplex (upper 

panel) or sinplex apprcach (lower panel) for different species Cisr and 
different cultivars of chickpa. The amplification fingerprints are 

mtically completely stable ard both sets of primers discriminate 

readily between the different & species. 'Ihe aqlification 

fingerprints are relatively hconcgeneous in the various accessions. 



Figure 2.2.1. Sqregation of parental differences in a cross between 
Cicer echinosmmmm x cicer arietinum. Chi* material 
used included: PI: cicer echinoswmm (Iwc 351s-I), p2: 
Cicer arietinun (IIC 3279), F1: 1 individual of ILWC 35/S- 
1 x I K  3279, F2: 5 individuals from the offspring of 
selfed F. Dlants. Genomic DNA was extracted. Tau1 
digested,' ;acuum blotted onto a nylon membrane a& 
hvbridized with the diaoxisenin-labeled olicronucleotide 
(LTA), (non-radioactive). ljote the -egation of Cicer 
arietinun fragment (white triangles) and 
echinosramm fragment (black triangle) in the F2 
population. Positions of m l d a r  weight mkers are 
indicated, in kilobases, at the left-hard side for P2, F1, 
F, and at the right-hand side for P,. 



.gum 2.2.2. Segregation of parental differences in a cross between 
Cicer ezhinoswrmum x !&g arietinum. Chic- material 
used includes: 
P,: echinoswnnum (ILWC 351s-1) 
pi: Cicer arietinum (ILC 482) 
F,: 1 individual of ILWC 35/S-1 x ILC 482 
F,: 3 individuals from the offsprinq of self& F, plants - - 8 - 
F;: 4 individuals from the offspring of self& F, plants 
F,: 1 individual frum the offspring of self& F, plants 
~ b r  explanations see legend to Fig. 2.2.1. 



No. of plants/claas 
A-- 

Disease severity 

Figure 2.2.3. Distribution frequency of disease rating. Readings were 
taken 9 days after inoculation A. rabiei with isolate 6. 
ItC 1272 was used as susceptible female and ILC 3279 as 
resistant male parent. 

2.2.2. XNa Fiqezprinting i n  Ascochvta rabiei 
F'r- for disease control and resistaxe breeding in chickpa depend 

on the reliable identification and characterization of A. rabiei 
pathotypes and populations. The classical biological pathotyping 

technique, using a set of different host gmtypes, is laborious, t k -  

commniy, and requires strict standardization of test conditions. A 

reliable characterization of the genetic &-up of different strains of 

Axa31yta e, their levels of agqessiveness, their extent of 

variability, gecgraphic distribution and their genotypic and phenotypic 

interaction(s) with the host plant is, therefore, very difficult to 

achieve by means of biolqical pathotyping. 

Therefore, two innnative appmches to differentiate between various 

A. rabiei isolates were intmduoed. The first approach is using a DNA - -  

fingerprinting technique that is based on the detection of h-ariable 



Figure 2.2.4. m amplification f ingerprint ing (RAH), random - a l i f i e d  
p lynwrphic  -m) of qenomic DNA of  var ious Cicer spec ies  
(a-h) , d i f f e r en t  organs of  one a r i e t i n m  p lan t  (ILC 
3475) (i-1) and thirteen Cioer a r i e t i n m  accessions (m-y) : 
a )  C i c e r  v m s h i t a e ,  b) pinat i f idun,  c) Cicer 
~udaicum, d) Cicer ge t i cu l a tm ,  e) Cicer chorassanim,  
f )  Cicer b i i m ,  q )  cuneatm, h)  C i E z  
e c h i n o s o e m ,  m) IIK 72, n) ILC 195, 0) ILL 263, p) 
IIK 464, q) ILC 482, r) ILC 613, s) ILC 1272, t) ILC 
1929, u) ILC 3279, v) FLIP 81-293, w) FLIP 82-150, x) 
FLIP 84-15, y )  FLIP 84-15. 'Ihe synthet ic  
oligodeoxynucleotide primers and primer combinations used 
are ira3licated above the respecitve photos. Molecular 
weight mkers are indicated in kilobases. 



restrict ion Zragmmt Length mlymorphism (RFLPs) in  the fungal genome. - 

Em fingerprint+ re l i es  on the presence of a particular class of 

repetitive DNA in  the fungal g e m .  This class consists of short motifs 

which are tandemly arranged t o  form long, r n ~  or  less hamogeneuus, 

arrays. 'Itro characteristics qualify this kind of sequence for DNA 

fingerprinting. First ,  the tandem rep!ats are dispersed thtnqhout the 

genome (dtilaw appearanae) . Secod, the tandemly arrarqed repetitions 

exhibit a high cFegree of polymozphism, nninly resulting fmm different 

copy numters of the basic motifs. To detect the polymorphism, Y~ 

endlabeled oligonucleotide probes ( radimdive)  have been used i n  

previous studies. In  the present study, we applied a non-radimctive DML 

fingerprinting using diqoxigenin-labeled probes. The results (Fig 2.2.5)  

showed that m n - d i m c t i v e  Em fingerprinting of A. rabiei  w a s  

Figure 2.2.5. Non-radioactive DNA fingerprinting of Asahvta rabiei 
isolates w i t h  svnthetic ol iadeomucleot ides .  Total DNA 
was isolated fr& lyophilized myceiia derived f m  single- 
spored cultures. After digestion woth  HinfI, the 
restrict ion f rapen ts  were e l b p h o r e s e d  in  1.2% agarose 
gel (10 ug/lane) . The gel was vacuum blotted onto a nylon 
membrane and hybridized t o  a digoxiqenin-labeled (GATA), 
prote. Lanes 1-6 represmt f m  M a 1  isolates No. 
1, 2 ,  3 ,  4 ,  5 and 6. Positions of m o l d a r  weight 
markers are indicated in ki lcbses .  



successful and as informative as the radioactive pmxdure. Results also 

confirmid the findings that isolates 1,2,3 and 4 are definitely different 

using the enzyme/probe mrrbination HinfI/(GATA),  whereas isolates 3 and 

5 as well as isolates 4 and 6 share an identical fingerprint pattern. 

Since this methd avoids the use of radioactivity, it is easier to be 

adopted in many laboratories. 

A G C C A T T G T C A , ?  + 

C G A C C G C A G T  G C T  T A G G A C G C G  

Figure 2.2.6. CNA amplication fingerprinting (RAPD, random amplified 
polymorphic CNA) of genomic DNA ofthe chic- pathcqen A. 
w. The CNA of six pathotypes was isolated and the 
syntheticoliydeoxynuclmtideprimers indicatedabove and 
below the photos used for sklex or duplex axplification. 
The anplified prducts were electrophoresed in 1.2% 
ayarose gels and stained with ethidium bromide. 



In a seccold appmach genomic DNA of the six isolates was amplified 

using oligcdwxynucleotide primers and Taq DNA plymerase (n0n- 

radioactive). Since the target sequences for the primer; used are 

randcmly d i s m  thmqhmt the genome the M q u e  is called FAPD 

(m -amplified plyimrphic -m) . lhe results (Fig. 2.2.6) showed that 

the anplification firgerprints generated with single prirecs or primer 

canbinations detect either M variation (left pmels) or low variation 

(right panels). The duplex primer appmach allows to discriminate 

isolate 4 and 6, the most aggressive isolates, from the residual 

isolates. More primers and primer dinations have to be evaluated 

until the discriminating power of the RFLP technique will be achieved. 

Once this is achieved, RAPD will be superior over R F W  because of 

substantial savings in costs and time needed for DNA pathotyping of 

.kwxhvta a isolates. 

2.3. ClIiCQS Pathology 

Qli- suffers from several diseases in the ICXCA region, but 

?scahyta blight is the most iqmrtant. A mjor emphasis is therefore 

given to identify m l e  and stable suu-ces of resistance to Pscochyta 

blight in germplasm for use in the hybridization program. Of other 

diseases, F'usarium wilt and other soil-borne diseases are common in parts 

of North Africa. Screen ing  for wilt resistanoe is carried out in 

cooperation with natio~l p w  in Tunisia and Spain. Stunt (bean 

leaf roll) virus is present throughout the region, but at present it is 

of minor iqm-. 

The objectives of chi- pathology research at ICXCA are to: (1) 

Screen chi- germplasm for identification of scxrxes of resistance to 

AscuAyta blight by using field screening technique; (2) combine efforts 

with chiclqxza breeders towards development of high yielding and cold and 

Asccchyta blight resistant chickpa dtivars; (3) share the resistant 

a-ions with national program5 through international disease 

nurseries; (4) monitor the presemze of pathogenic variability in 

rabiei; (5) study the epidemiology of Pscochyta blight; (6) 

collect information on other chickpa diseases in the WAIi?i region through 



field 5UNeys; and (7) develop cmperative research with ~tional 

P W .  

2 -3.1. Screening for Asoochyta Blight Resistance 

2.3.1.1. tlegregatirq generations 

The 1990-92 season was the first year of an effective evaluation of 

chiclqea segregating generations against six races of A rabiei. 'Ibe 

results of meening are shown in Table 2.3.1. A total of 402 F6 

prcqenies were rated 3. Many F5 lines also shewed a rating of 3 and 4. 

Thus these large n m b r  of resistant lines allcud the breeder to bulk 

promising and uniform prcgenies as pcssible future dtivars. Also, 

thousands of plants resistant to A. rabiei in FZ were bulk harvested to 

be grown in the off-season. The resistant plants in F4 generation were 

harvested individually. 

Table 2.3.1. Reaction of Fz to F6 generations to Asachyta blight at Tel 
Hadya, 1990/91 

Reaction on a 1-9 scale 
 ene era ti on' 1 2 3 4 5 6 7 8 9 Total 

F* mks 
F3 wks 
F4 mks 
F5 Progeny- 
Fs Progeny* 
Fs Progeny-L 
Fs a0genY-T 
Fs Progeny+ 
F6 Progeny+ 
F6 Pr0geny-T 
F6 Progeny 

Abbreviations used were: ?H = Tel Hadya: TR = Tehl; L = large; T 
= tall; and E = early 



2.3.1.2. 8creening of new gernplasn 

ICRISAT furnished 795 kabuli and 2214 desi aocessions. These  were 

evaluated in the disease nursery and the results are shown in Table 
2.3.2. Ten lines had a rating of 3 and 17 lines a rating of 4. 

mjoriQ of the lines (2851 lines or 94.7%) took a rating of 9. 

Resistant lines will be evaluated in the qreenhouse and field in the next 

SeaSM. 

Table 2.3.2. Reaction of 3009 new chickpea germplarm accessions to a 
mixture of six races of A. rabiei. 

Disease reaction of A. rabiei 
Typofchidpal 2 3 4 5 6 7 8 9 Total 

Kabuli 0 o 4 2 5 3 26 31 724 795 
M i  0 0 6 15 20 23 14 9 2127 2214 
Total 0 0 10 17 25 26 40 40 2851 3009 

2 . 3 1 3  Bcreening of breeding lines 

All breeding lines (1615) developed between 1981 and 1990 were evaluated 

using disease infested debris and inoculation with six races . Results 
are shown in Table 2.3.3. Two lines, FLIP 84-79 and FLIP 90-103C, were 

rated 2 and another 57 lines rated 3 and 78 rated 4. Although they were 

never evaluated against six races except thcse bulked in 1989, yet 

several of them were resistant. There were 1215 lines which were 

susceptible (6-9 rating) including 309 which were killed. It seems that 

pathotyps in debris m y  be different and need investigation. 

2.3.1.4. Confirmation of previously resistant lines 

Ihirty-two kabuli accessions and 634 desi accessions, previously 

identified as resistant germplasm (rating 1-41 us$ diseased plant 



Table 2.3.3. Reaction of breeding l ines inocvlated by diseased plant 
debris and a mixture of six races of A. in the 
f ield,  Tel Hadya, 1990/91 

Disease reaction on 1-9 scale 
lines 1 2 3 4 5 6 7 8 9 

Mrmber 0 2 57 78 263 350 441 115 309 
Per cMt 0.0 0.12 3.53 4.83 16.28 21.67 27.31 7.12 19.13 

debris and mixture of four races of A. rabiei, were evaluated against a 

mixture of six races and diseased plant debris during 1990/91. Eight 

kabuli and four desi l ines had a 2 ratimg (Table 2.3.4) . Another 44 

lines had a 3 rating. Among kabuli accessions, none of the lines were 

rated 7-9, whereas in desi  accessions 75 lines were rated 7-9. Lines 

w i t h  2-3 ratings w i l l  be reevaluated next season. 

Table 2.3.4. Field reaction t o  inoculation w i t h  diseased debris and a 
mixture of s i x  races of 32 kabuli and 634 desi gemplasn 
accessions ear l ier  found resistant  using diseKed plant 
debris and a mixture of four races, Tel Hadya, 1990/91. 

Disease Reaction on 1-9 scale 
En* 1 2 3 4 5 6 7 8 9 

Per cMt 0.00 25.00 31.25 15.63 18.75 9.38 0.00 0.00 0.a 

Desi 
N E l l k e r  0 4 34 60 337 124 2 1  3 51 
Percent 0.00 0.63 5.36 9.43 53.15 1956 3.31 0.47 8.M 



2.3.1.5. Evaluation of wild Cicer species to a. in Ula field and 

greenhousa 

Field and greenhouse screening was done of 160 and 193 lines, 

respectively, for resistance to six races of A. rabiei. A number of 

lines were found resistant with 2-4 ratings (Table 2.3.5.) . Rating was 

more norn!ally distributed in wild accessions, whereas in case of cultigen 
it was heavily skewed towards susceptibility. 

K.B. Singh, M.V. Reddy, W. Khoury, and 8. Kababeh 

Table 2.3.5. Reaction of wild Cicer species against a mixture of six 
races of 8. rabiei in the field and greenhouse, Tel 
Hadya, 1990/91 

Disease Reaction on 1-9 scale 
htry 1 2 3 4 5 6 7 8 9 

Field 
Mrmber 0 13 36 9 17 15 16 20 40 
Per Celt 0.00 7.83 21.69 5.42 10.24 9.04 9.34 12.05 gY) 

Greenhouse 
Mrmber 0 23 4 32 38 37 36 17 6 
Per Oent 0.00 11.92 2.07 16.58 19.69 19.17 18.65 8.81 3.11 

2.3.2. studies cn the Pathogenic variability in A. rahiei using a HOS~ 

Differential Set 

T h e  characterization of the fungal isolates for their virulence is based 

on the differential reaction of a set of genotypes upon their indation 

with these isolates. Several sets of differentials for the 

characterization of A. rabiei on chi* have been propmed at I m  

but none has been shdirdized. m i m e n t s  were conducted to test these 
genotypes as differentials and develop a standard set for future use. 



Ityenty-six genotypes were chosen for this experiment, but owing to 

seed inavailability or pmr germination, only 19 lines were used. The 

experiment was conducted in the growth chamber 'Conviron' using 6 

isolates from our kxazhvta* dture collection earlier identified by 

Reddy & Kabbb& (1984) as race 1 to 6. The genotypes were planted in 

m 1 1  trays with 5 plants per genotype per replication and with three 

replications each. Tenday-old seedlings were in-lated with a spore 

suspension of an isolate at a col~~ntration of 200,000 spores/ml.The 

trays were then covered for 2 days and incubted at 20 C/18 C day and 

night temperature. Disease severity readings were W e n  on the seedlings 

7, 14 and 21 days after inoculation on a 1-9 scale. 

The readion of the individual plants of a single genotype within a 

single replicate was often variable depending on the genotype. The 

variability was possibly because the seeds were not originating from a 

single plant, but were bulked seeds. Table 2.3.1 represents the average 

disease severity readings (LER) 7 days after M a t i o n  and the 

corresponding resistance classification (R=rffiistant: Binconpletely 

resistant: S=susceptible) for each of the 19 genotypes studied. The 

seperation between R, IR and S in Table 2.3.6 bas followed for amprison 

with the pmcedure adopted by earlier workers. From Table 2.3.6, no 

discrimination was possible m n g  the races tested on the 19 genotypes. 

If, however, a classification for resistanoe is considered whereby 

discrimination between S and R only is done, a differential set of 

genotypes could be proposed for use (Table 2.3.7). The separation 

between R (aSR<=4) and S (ER>4) is justified if we consider that EF+4 

indicates only stem girdling whereas stem breakage starts with LER=5. 

Our results differed with those obtained by other workers. The 

differences were not reduced when we, as other workers, used LER as the 

maxinnnn DSR obtained by a cultivar rather than the average DSR as 

indicated in Table 2.3.6. Inconsistency in the reactions of genotypes to 

the various races could also be observed in the already published 

* M.V. Reddy, and S. Kabbabeh, 1984. Plant Dis. 69,177. 



Table 2.3.6. The reaction of the varicw chickpea genotypes, used as 
differentials for identification of m v t a  rabiei races, 
expressed as the average disease severity rating and the 
resistance group (R, IR, S )  *. 

Race 
Line 1 2 3 4 5 6 

R R R R IR R 
ILC 182 3.5 3.3 3.0 2.7 3.3 3.1 

IR IR R R IR IR 
ILC 1 9 1  4.2 3.7 4.8 3.7 3.9 3.1 

IR IR IR I R  IR I R  
ILC 194 3.4 2.3 2.9 5.7 2.6 5.2 

IR R R S R S 
ILC 200 2 . 1  3 . 1  3.4 2.5 3.3 2.5 

R IR IR R IR R 
ILC 201 6.5 7.4 7.1 7 . 1  7.8 5.3 

S S S S S s 
ILC 202 4.8 2.7 5.5 3.1 2.8 3.9 

IR R S I R  R IR 
ILC 249 2.8 3.3 3.7 6.8 2.9 5.3 

R IR IR S R S 
ILC 482 2.5 3.1 3.6 3.8 2.6 4 . 1  

S S S s S S 
ILC 2956 2.8 2.5 2.1 2.1 2.4 3.7 

R R R R R IR 
ILC 3279 2.8 2.4 2.5 2.4 2.5 2.5 

R R R R R R 
FLIP 
83-28 
ICC 1591 2.9 4.6 5.2 5.6 3.6 6.6 

R I R  S S IR S 
ICC 1903 3.3 2.7 3.4 5.2 2.8 6 . 1  

IR R IR S R S 
ICC 2232 2.7 4.2 4.9 5.7 6.4 5.3 

R IR IR S S S 
ICC 3996 2.1 2.0 1.3 3.8 1.9 4.7 

R R R IR R IR 
ICC 4107 1.8 2.2 1.6 5.8 2.2 5.0 

R R R S R S 

* R = disease severity rating < 3, IR = disease severity rating 3-5, S 
= disease severity rating > 5. 



reports. Inconsist- is rarely seen in the g e n o t p  of complete 

resistance or cwrplete susceptibility, but w i t h  those showing incamplete 

resistance ( i n  earlier reports called tolerance). lhis would indicate 

that the genotypes we  are dealing with do not have a gene-forgene 

relationship with the "races" considered. The disease severity rating 

given by a researcher in  cases of ixmple te  resistance is dependent on 

several factors besides the actual resistance level of the genotype. One 

is the time of disease scoring. 'Ihe DSR taken 7, 14 and 2 1  days af ter  

i n d a t i o n  in our e x p e r k t  usually increased on genotypes of IR 

reactions so that the classification of their reaction often charged to 

S with time. 

'Ihe differential set of chi- in Table 2.3.7 is not 

??eamwded as a standard one. Nth& it is a m t l y  sirple and 

straimtforward, many R or  S reactions are inrleed inccanplete resistant 

reactions and m y  hence lead t o  confusing results. It is lleoessary that 

mre work be done ushq pure seeds, i.e. single seed descents; 

stadazdize the methcdolqy of M a t i o n  am3 disease evaluation; look 

for nmre genotypes showing canplete resistance or susceptibility t o  

certain isolates; and undertake a genetic d y s i s  of the resist- 

genes in the g- we  are dealing with vs. the v i d e n c e  genes of the 

rnrrespxiing pathcgen isolates. 

Table 2.3.7. Reaction of the set of the differential chidqea genotypes 
t o  the six races of ?sca?hvta w*. 

-ype Race 
1 2 3 4 5 6 

ILC 72 R R R R S R 
IIC 249 R R R R R S 
ICC 4107 R R R S R S 
ILC 202 S R S R R R 
ILC 484 R S S S S S 
ILC 3279 R R R R R R 
ILC 1929 S S S S S S 

* R indicating a disease severity rating <= 4, 
S indicating a disease severity rating > 4. 



2.3.3. cmpments of Resistance to A. rabiei in chickpea 

Ihe m t s  of resistance to a certain disease in a genotype are often 

an irdication of their par t ia l  resistance level. A detailed study of the 

resistance coipments is needed f i r s t  t o  establish their inprtance i n  
. . the ra te  of disease development i n  the field. Few studies 

have been made so f a r  on the components of resistanoe t o  A- & in 

chi- although differences in  the disease development in the f ie ld  

have been observed for some genotypes. Studies were, therefore, 

corduded on 19 genotypes using 6 races of the pathogen individually. 

Tne genotypic reaction t o  the different races ranged fmm a 

hyperjensitive reaction or complete resistance to various levels of 

susceptibility. T h e  study was conducted on lO-dayvld seedlings grc%n in 

trays ard kept in a growth chamber under controlled conditions. 'Ihe 

plants were  mered for 48 hrs upon inoculation then incubated a t  20 C/18 

C day ard night temperature. The v n e n t s  of resistance measured on 

the plants were the follawiq: 

1. Latent pericd (LP) : time period in days hetween inoculation and the 

f i r s t  aFpearance of pycnidia on lesions. 

2. lesion s i z e  (LS) : T.40 lesions per plant were marked and their size was 

measured a t  2-day intervals. 

3 .  lesion growth ra te  (LGR) : From the lesion s i z e  the rate of €xpaJxion 

was calculated as the change in  s i z e  over time. 

4. Fymidial nmker per lesioned t issue (PN) : 'Ihe n&r of Fycnidia 

prcduoed per 5 an of lesioned stems was counted under the microscope 

(three lesioned t issue pieces were o!xerved per genotype/race 

ambination). 

5. Pycnidial s i ze  (PS) : The size of the pycnidia praluced on the diseased 

stem areas w a s  measured under the microscope. Twenty pycnidia were 

h o m l y  measured and the size averaged per genotyp/race combination. 

6. Sporulation capacity (SFO) : The sporulation of infeded plarrts w a s  

measured a f t e r  cutting the plants, incubating the cut tissues in  a 

mist dmikr for 48 h, then d i n g  them in  a fixed amwnt of water 

for 4 h to allow for spore release. 



The average disease severity rating (m) of the genotypes for the 

variw races ranged f m  1 to 8. The ER was significantly correlated 

with mmy of the w n p n e n t s  of resistanoe measured (Table 2.3.8). 

Table 2.3.8. lhe correlation &tween the disease severity rating (csR) 
and the various m t s  of resistance measured on 
seedlings of various chidqea genotypes. 

carpment of Correlation Signif i- No. of 
resistance coeff. (r) level (P) observations 

* For explanation of the cmpnents of resistance refer to text. 

lhe average latent period (LP) varied greatly for the different 

genotype-race dinations with a minimum latemt period of 5 days for 

several of the highly susceptible genotypes. Other genotypes did not 

have spores even one month after M a t i o n .  lhe latent period was 

highly correlated with the U3R with r = -0.76. lhe relationship between 

E R  and LP was, however, more of a h m l i c  Mture (Fig. 2.3.1). lhe LP 

varied only a little (between 5 and 10 days) for DSR > 4.5. Small 

decreases in the E R  at levels < 4.5 (Merate to resistant reactions) 

were acsmpanied by a large increase in the LP. 'Ihus LP is a better 

indicator of the resistance level for the less susceptible genotypes. A 

transformation of the LP values into 1/W linearized the relationship a& 

inproved the correlation coefficient to ~ 0 . 8 2  (Fig. 2.3.1). 
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Figure 2.3.1. Relationship between the latent pericd and the disease 
severity level on seedlings of 19 chickpa genotypes 
inaoculated w i t h  6 races of Ascd~vta rabiei. 
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Lesion growth rates (LGX) were calculated for each perid of two 

days. All K R s  were pmitively correlated with the disease severity. 'me 

J Z R  between the fifth and seventh day after inoculation had, however, the 

highest correlation coefficient (~0.74). 

me lesion size (LS) 7 days after inoculation was by far the most 

reliable indication of the disease severity with a correlation 

coefficient of ~Cl.90 (Fig. 2.3.2). The high correlation between the DSR 

and LS is expected since the score used to estimate severity is based on 

the lesion size and the incidence of stem breakage. The correlation 

ccefficient did not &rove when LS 10, 12 or 14 days after inoculation 

were correlated with the disease. This is because in very susceptible 

cvltivars lesions quickly began to coalesce after 7 days of incubation 

and stem started to break d i n g  lesion neasurenents bsible. 

Lesion size (7  d.a.i.) 

r 
* 

0.8 1 + 
f 

* i 
r = 0.90 - I 
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1 2 3 4 5 6 7 8 9 
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Figure 2.3.2. Relationship between the lesion size and the disease 
severity level on seedlings of 19 chickpa genotypes 
inmlated with G races of Ascochyta w. 



The pycmidial nmter (PN) was also highly correlated with the 

disease, but was negatively correlated with the pymidial size. 

The pycnidial size (FS) was a resistance mmp3wlt which was not 

directly related to the disease severity. PS of the different A. rabiei 

raw on the various gMotypes was more a characteristic of the raoe than 

of the resistance level of the genotype (Table 2.3.9) . 

Table 2.3.9. 'Ihe average pycmidial size ( s t a m  deviation in 
parentheses) pm&cd on seedlings of 19 chi* genotypes 
infeded by 6 races of Asca31vt.a u. 

Race 
1 2 3 4 5 6 

Fycnidial 
size in 154.9 147.7 132.3 108.1 133.0 117.9 

The sprulation level (Sm) of the various genotype-race interactions 

varied greatly with sore resistant genotypes producing no spores at all 

whereas others produoed up to an average of 324 million spores per gram 

of tissue. 

High disease severity ratings were always acccmpanied by a 

simultaneous ccmrmxe of high Lm, high PN produced per lesion4 

tissue, short IP and high SPO (Fig. 2.3.3). T h e  low DSR was accampanied 

by low Lm, low PN, long IF and very low SFO. With the intemEdiate 

levels of disease severity (Ee3-5), no such clear constellations of the 

resistance camponents could be observed. A close interaction between LP 

and LS was &served (I=-0.71). such an interaction could indicate that 
a certain lesion size should be reached before the pycnidial production 

starts. Further tests are needed to check if the same canpnents of 

resistance that were critical for the disease at the seedling stage 

remain so at the flowering and @ding stage of the various genotypes. 
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Figure 2.3.3.  Interaction among the aqmnents of resistanoe to 
Fscochyta blight in chickpa genotypes at various diseases 
everity levels (ampnents expressed relative to the 
amximum reached in each case). 

2.3.4. Pattern of Disease Develqment of Asoochyta Blight Epidemics on 

Chickpea under Field aDnditicols 

lhe experiment was conduded to analyse the developmt of Asccdyta 

blight in field epidemics. This is part of a study done to identify 

quantitative epidemiolcqical characteristics which could be used in 

resistance breeding against the disease. m e  prcgress of the dis- on 

chickpa genotypes with different growth habits and various levels of 

resistance was to be followed in tenm of incidence of bra?&= with 

lesions, with girdling and with breakage. m e  anatomy of the disease 

development on the branches was to be related to the overall disease 

rating given to a genotype and to sane of the coqmnents of resistance 

measured on these genotyps at the seedling stage. 

Nine chic- genotypes (ILC and I E  lines) differing in their 

susceptibility to Ascochyta blight were planted in the field each in a 

ca. 100 i?? plot. Thirty plants per plot were randomly selected and tagged 

while the plants were still in the seedling stage. rile plots were then 

exposed to a blight epidemic and regular readings on each of the tagged 

plants were taken at 7 to 104ay intervals throughout the growing season. 

Readings were taken on plant growth characteristics, n&r of branches 

with lesions, with girdling or with breakage, initial appearance of 



pycnidia on the leaf and stem lesions, and the pod infection. In 

addition, a disease severity rating was given to each plant a t  every date 

Of reading. 

me disease progress curves of the 9 genotypes are shown i n  Fig. 

2.3.4. The genotypes were all susceptible t o  the disease with the final  

disease severity rating a t  the la te  pcdding stage ranging between 5.4 and 

7.3 on a 1 t o  9 scale. Cbqxxing the disease prcqress curves of the 9 

gen-, one can separate the genotypg intc 3 susceptibility groups, 

with ICC 3606 and Flip 84-79 being the less susceptible ard IE 482 and 

ILL: 6189 the more susceptible ones. 'Ihis seperation of the genotype 

su s~ep t i b i l i t y  tecomes clearer when we ccanpare the maximin disease 

severity rating reached (Ymax) , the area under the disease p rq r e s s  curve 

(AUDFC) and the latent pericd neasua3 under f ie ld  corditions for the 

different gemtyps  (Table 2.3.10) . The less susceptible genotypes have 

clearly a smaller AUDPC and a longer latent pericd. The relationship 

between the latent pericd and the disease level, however, is less 

pronounced i n  the highly susceptible genoty~es. 'Ihese results further 

Disease severity rating 
9 ,  

ILC 482 

ILC 3279 

ILC 3856 

F 84-158 

F 84-79 

ICC 11871 1 *~..~*' j -  1CC 36.3 

0 ICC 6189 
1 

21 28 38 43 49 59 72 
Days after inoculation 

Figure 2.3.4. Disease progress nwes of 9 chi* genotypes under 
field epidemics of M y t a  blight i n  Tel  Hadya, 1991. 



wnfinn the results obtained in the studies on the V n e n t s  of 

resistance t o  the pathcgen on chickpa d i n g s  in the yrcwth chamber. 

Imkirq a t  the relative incidenoe of stem lesions, g i m i n g  a1~3 

breakage over t ime,  the inprtance of the lesion fqxmsion rate or  the 

lesion s i z e  beoanes obvious. In Fig. 2.3.5, showing as an ewmple some 

of the studied genotypes, the highly susceptible ones (ILC 482 an3 ILC 

6189) show a very quick sh i f t  from lesioned sterrs tmank girdled or  

broken stems. Accordingly, the s e c o ~  incculum arising from 

pycnidiospores developing on lesion& tissues would have li t t le chance of 

infecting healthy t issue an3 hemm m y  not reach the sporulating stage. 

This pattern of disease prcgress would thus rese&le a simple interest 

rate of grmth where the disease devela~anent and the final  disease level 

are a direct  result  of the level of the primary i n a x l u m .  The amsunt of 

primary inocvlum, arising from infected seeds or  plant debris, wculd thus 

become the c r i t i ca l  factor for the blight epidemic. I n  the less 

susceptible genotypes showing a reduced lesion grmth ra te ,  the latent 

p e r i d  would then kcme a c r i t i ca l  factor for the speed of the epidemic 

development in the field. The ra te  of disease prcyress w i l l  be 

propr t ional  to the develcp'rent of new lesions and ssznndary inoculum 

w i t h  time. 
w. Khoury 

Table 2.3.10. The maxinnnn disease severity reached (Ymax), the area 
under the disease prcqress m e  (AUDFC) , an3 the latent 
pericd (LP50) measured under field epidemics for the nine 
genotypes tested. 

- Y P  Y m a x  AUDX L E O  * 
ILC 482 7.3 322.87 28 
ICC 6189 6.9 315.98 23 
F.84-158 6.4 269.12 27 
IIC 3279 6.3 265.60 23 
ICC 11871 6.2 260.66 27 
ICC 12023 
ILC 3856 

* L a t e n t  period measured a s  the pericd in days between inaxlat ion and 
the time when 50% of the plants sh& pycnidia on lesioned stems. 



Days after inoculation Days after inoculation 

M Healthy branches Branches with girdling 

L7 Branches with breakage Branches with lesions 

Figure 2.3.5. Frqres.5 of the ?+sc€chyta blight epidemics in terms of 
peroent branches with lesions, girdling of breakage for 
wane chi* genotypes under f ie ld  conditions, Tel Hadya, 
1990/91. 



2.4. chickpeahtamlogy 

Studies on control m e t h c d s  and hcst plant resistance for chickpea 

leafminer, the effect of cultural metha% and different times of 

insecticide application on pcdborex infestation and m e t h c d s  for 

protection of seeds in storage were continued. 

2.4. chickpea leafminer 

2.4.1.1. Chemical control of 1- 

Because of the premising results in the past the effectiveness of neem 

(Azaderichita m) extract applications for leafminer (Liriomvza 

cicerina) control in spring-sown chickpea was tested at three on-farm 

locations (Sheikh Yousef, Squeilbye and ~llcamiye) in addition to Tel 

Hadya this season. Wee sprays consisting of 0.5 kg neem seeds per 10 

L water at a rate of 500 yha applied in early April, mid and end of May 

were coxpared with one spray of Thidan (2 cc/L at 500 IJha) applied in 
late April at Sheikh Yousef and Squeilbye and early May at AlkaTtiye and 

Tel Hadya (Fig. 2.4.1) . Check plots were sprayed 3 times with water (500 

4/ha) on the saw dates as the neem extract. At Sheilch Yousef the 

percent mining was not high, but still significantly reduced by neem and 

Thidan. Seed yield was increased by both treatments, but only by 

'Ihiodan significantly. ~t Squeilbye the leafminer damge was highest of 

all locations and on the second sampling date significantly lower in 

neem-sprayed plots (26%) than in check plots (49.4%) as well as in 

Thidan-sprayed plots (40%). Apprently the effect of the Thidan 

application on 29 April did not last until end of May. The low seed 

yield in the neem treatment was caused by nem3tde damage. At Alkamiye 

leafminer damage was very low and no treatment effects observed. At Tel 

Hadya both treahts significantly reduced the mining on the first 

sampling date and midan significantly increased seed yield, which, 

hawever, was also due to control of m r e r ,  as 13% pod damage was 

recorded in the check. Interestingly, pod damage was also reduced 

significantly by the neem spray. These results confirm that neem extract 

effectively reduces the percent mining, but has the limitation of not 
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Figure 2.4.1. Effect of five applications of neem extract as campared to 
one spray of ?hi& 35( s cc/L) on leafminer infestation 
and seed yield in chickpa at Tel Hadya and farmer's 
fields, 1990/91. 



having a lasting effect for mre than 7 to 10 days, thus requiring clcse 

nmnitoring an3 more frequent application than irsecticides. 

6. Weigand 

2.4.1.2. Host plant resistanoe to leafminer and podborer 
The previously selected, 8 pdsing chickpa lines here grown in winter 

and spring wether with the susceptible check (Syrian local, ILC 1929) 

without and with the protection of 1 and 2 applications of lhicdan 35 (2 

oc/L). Since leafminer infestation started late this season, the damage 

in wintersown chi* was very low. In spring-sown chickpa both 

chi* lines and insecticide application had significant effects on 

leafminer damage. In local and I W  5655 without an3 even with one 

insecticide application the psrcmt mining taken on 16 May ranged between 

20 and 30% and was significantly hiqher than in ILCs 316, 394, 655, 1048 

with 12 to 15% mining and ILCs 1216, 3828, 5901 with less than 10% mining 

(Fig. 2.4.2) . Seed yields were lm, especially as some of the prcsnising 
lines are late rmturing. However, ILC 5901, which has the highest degree 

of resistance, also had yields aonparable to Syrian Local. 'Ihe yield 

increases with insecticide applications are due to contml of hoth 

leafminer and pzdbrer, as pzdbrer infestations were hiqh this season. 

'me percent pcd damage by Helicovem armisera was recorded in 10 

plants per plot of all treatments in winter- and spring-sown chickpz?i. 

Infestation was hiqher in winter than in spring-savn chic* lines 

reaching 26% pod damage (Fig. 2.4.2). In bth sminq dates significant 

differences in pod damage were favd between genotypes with ILCs 1216, 

3828, 5901 having 1-t damage (12 to 16%) in winter sowing and ILrs 

3828, 655, 1048, 1216, 316, 5901 (4 to 8%) in spring sowing. One 

application of 'midan effectively reduced the pod damage in winter and 

spring sowing. Only in the wintersown chickpa was pod b q e  further 

reduced by the second application, but not significantly. Because of 

high pal damage in winter-sown chickpa the developnent of this important 

pest has to be followed in future. 6. Weigand 



figure 2.4.2. Leafminer infestation and seed yield in different sprim- 
sown chickpa lines and percent pod damage in winter- and 
spring-sown lines with no, one, and two insecticide 
applications ('Ihicdan 35, 2 cc/L), Tel HAdya, 1990/91. 



2.4.1.3. C h i c k p = a / l e  interaction 

The e f f ec t  of leaf  exudates on leafminer infes ta t ion  was studied i n  6 

chic- lines w i t h  d i f fe ren t  degrees of resistance. Fifteen adul t  

leafminers w e r e  released f o r  24 h into a cage w i t h  p lan ts  of the 6 l i ne s  

and the mmker of feeding puxctures an3 mines w e r e  counted. The same 

mirent was conducted a f t e r  renova1 of the leaf  exudates by a 

phosphate-buffer solution. I n  plants w i t h  exudate the nmker of feeding 

punctures was s igni f icant ly  higher in I B  655, 1929 and 3398 than i n  

ILCs 316, 1216 and par t icu lar ly  IIK 5901 which had the lowest d m g e  

(Table 2.4.1) . When the  exudates were rmed  the n&r of feeding 

punctures increased i n  the three resistant l i n e s  but d id  not change i n  

the ixderately resistant and susceptible l i n e s  indicating t h a t  t he  leaf  

exudates are a fac tor  of resistance t o  leafminer. However, o ther  fac tors  

are l i ke ly  t o  contr ibute t o  resistance, a s  f o r  exaxple i n  IU3 5901 the 

nmker of feeding punctures was lower evm a f t e r  r m a l  of t h e  exudates. 

ILC 5901 was c o n f i d  a s  the line w i t h  the highest degree of resistance 

t o  leafminer. It apparently a l so  has sow resistance t o  Asxchyta 

bl ight ,  a s  it w a s  the  only line of the internat ional  chic- leafminer 

nursery withstanding the severe Asuxhyta bl ight  in fes ta t ion  in Mororm. 

6 .  Weigand, K.B. S i q h ,  H. Fbmtold (FIG) and C. Weigner 

Table 2.4.1. N h r  of feeding punctures and l eaf  mines of Liriomvza 
cicerina per  plant  of six ch ickpa  l i n e s  a s  affected by the  
presence of leaf  exudate. 

Chickpa With d a t e  Without exudate 
l i n e  Reaction ~ d w e s  Mines Rn&ures Mines 

ILC 5901 r 21.1 1.9 
ILC 316 r 44.4 4.4 
ILC 1216 r 41.9 3 .1  82.1 5.2 
ILC 655 iiv 91.5 9 .1  90.2 6.1 
ILC 1929 s 96.3 11.8 106.6 10.7 
ILC 3398 S 82.7 10.3 77.8 5.9 

r = resistant: M e r a t e l y  resistant and s = susceptible 



2.4.2. Chickpea Fudkorer 

The expzrhnts on some aspects of in tqra ted  control of podborer 

( H e l i c 0 v e ~ ~ a  anniqera and Heliothis virivlaca) were mntinued for the 

third and l a s t  year a t  Izraa Resear& Station in southern Syria. In 

general pxlbrer populations and infestations were higher than l a s t  

season, but ccwparable to the 1988/89 season. 

In the expzriment on the effect of 5 soding dates on podborer 

infestation in 3 chic- cultivars (Ghab 1, Ghab 2,  Local) the highest 

pod damage was found i n  Decembersown chi- (43 t o  53%) (Table 2.4.2). 

In  the February and Ma?xh w i n g s  pod damage was lower and about 24%. 

except for Ghab 2 which because of its l a t e  maturity a t  the l a s t  sowing 

date only had a few pods and therefore a high percent pod damage. In  a l l  

cultivars the yield was highest i n  the f i r s t  2 sowing dates. A t  a l l  

s c w i q  dates the yield of Ghab 2 was  the lowest, minly due to its l a t e  

maturity. 

Table 2.4.2. Effect of 5 w i n g  dates on @borer infestation and grain 
yield of 3 chi- cultivars, Izraa, 1990/91. 

Sowing No. of % 130d infested % Yield (&/ha) 
date Qlabl Ghab2 -1 Mean Chabl Ghab2 h l  Mean 

3 Dec 90 45.6 53.2 48.6 49.2 566 325 527 473 
30 Dec 90 43.8 43.5 44.7 44.0 540 315 505 453 
23 Jan 9 1  34.8 40.8 41.0 38.8 315 200 456 327 
16 Feb 91 24.2 33.9 24.1 27.4 215 110 222 183 
10 Mar 91 21.4 44.4 23.8 29.9 72 0 124 65 

I S D  (KO. 05) : 
Dates 1.8 
W t i v a r s  1.2 
'Pwo dates, different cultivars 3.1 
cul t ivars 



In the eqeriment on the effect of plant density on e r e r  damage 

the lowest damage was found at the l& plant density of 20 plants/& 

and the highest at the hi$€& plant density of 50 plants/& in all 3 

chickpa cultivars (Table 2.4.3) . 'Ihis w n f i m  the results of the last 
2 seasons. 'me yield was hi-t at the density of 25 plants/& and lowest 

at the highest density in all dtivars. 

Table 2.4.3. Effect of plant density on podborer infestation and grain 
yield of 3 chickpa cultivars, Izraa, 1990/91. 

Plant density No. of infested (%I  Yield (k ) 
(plants/&) Qlabl -1 Mean Ghabl Ghab2 E l  Mean 

LSD (P<0.05%) : 
plant density 1.9 11.6 
Cultivars 2.6 8.8 
!Pm plant densities at 3.9 19.5 
different cultivars 

To determine the test time of insecticide application to wntrol 

podborer, Thiodan 35 (6 cc/L) was sprayed at 6 different dates in Ghab 2 

and lwal cultivars. In both cvltivars the insecticide application on 25 

April resulted in the lcwest pod dan'aqe of 8.2% and 8.9% ard highest 

yields of 411 and 620 k g h  for Ghab 2 and -1, respectively, compared 

with 49.1% pod damage and 303 kq/ha yield in untreated Ghab 2 and 45.4% 

damage ard 447 kg/ha in untseated Zocal (Fig. 2.4.3). For Syrian Local 

the test date of application was the same as in the last season, at 

pcdsetting; for Chab 2 it was at flowerirq/early @setting but 10 days 

earlier than the last year. ?he results show that early sprays are not 

effective as they do not provide control until mturity. 



The conclusions of the three years of expriments are: 

- Advancing chickpa sowing date increased the percent pod infestation, 

but yields r ~ e r e  still higher in this dry area. 

- ~ncraaskg plant density from 20 to 25, 33, 50 plants/$ increased 

percent pod infestation. Yields m?re highest in all 3 cultivars at 25 

plants/&. 

- Ilwctioide application at flcwering/podsetting (Thidan 35, 6 CC/L) 

resultea in the lcwest pod damage and highgt yield. 

Work will be continued on monitoring podborer populations with 

pheromne traps and evaluation of percent pod damage in chidqed 

errtomolcgy experiments. 

A. Gaoud, F. Sioaara (mmscus university) and 8. Weigand 

2.4.3. Protection of Chickpa Seeds i n  storage 
T h e  most effective traditional metha% of seed protection were retested 

along with additional treatments including neem seed oil. Chi- seeds 

(ILC 482) were treated on Decemter 14 with the following substances (per 

kg seed) : 

Actellic, 0.5 g/kg seed (Act) 

K-othrin, 0.5 g/kg seed (K-oul) 

Olive oil + salt + water, 5 ml+20 g+10 m l  (K + S + W) 

olive oil + salt, 5 ml+20 q (0 + s )  
Olive oil + water, 5 m1+10 nil (0 + W) 
Salt + water, 20 g+10 m l  (S + W) 

Neem seed oil + salt + water, 3 ml+2O g+10 ml (N + S + W) 

Neem seed oil + salt, 3 ml120 g (N + S) 
Neem seed oil + water, 3 ml+lO ml (N + W) 
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Figure 2.4.3. Effect of date of insecticide appliction (mi& 35, 6 
cc/l) on seed yield and pod damage of two chic- 
cultivars, Izraa, 1990/91. 
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Figure 2.4.4. ~f fed  of two insecticides and alternative treatments on 
the nlrmber of prcgeny and percent seed infestation with 
callosob~chuus chinensis in stored chickpa on 7 Jan, 2 
April and 17 June 1991 (3 wezk.5, 4 month and 6 months 
after the seed treatments). 



After 3 weeks, 4 ,  and 6 mnths (7 January, 2 April, 17 June) 50 

seeds were infested w i t h  4  female and 4  m l e  Callosobmchus chinensis and 

the number of progeny per female and percent infestation counted a f t e r  1 

mth. T h e  insecticides provided the most effective control for the 

ccnrplete pericd of 6 months (Fig. 2 .4 .4 ) .  Ercept for the salt + water 

a l l  other treatments were effective for 3 weeks giving only 1 to 2 

pmgeny per female. m e  effectiveness then decreased, but progeny per 

femle  and seed infestation were only half of the untreated check even 

a f t e r  6 months. Olive o i l  + salt and neem seed o i l  + s a l t  were the most 

effective treatments giving 7.9 and 7.2 progeny per female and 32.5 and 

31% seed infestation af ter  6 months, respectively, c m p r e d  w i t h  50 

progeny and 100% infestation in the check. 

6.  Weigand 

2.5. Chickpea Biological Nitrogen Fixation 

2.5.1. Estimation of t$ Fixation and midud N Effect of Iegumes on 

SubSeqUMt wheat US- 

Trials to investigate the role of E d  and forage legurns in  rotation 

w i t h  wheat thmugh contribution of EW were init iated during 1990-91 

season at two locations of varying rainfall  (Tel Hadya and T e r b l )  using 

a 2 w u r r e  rotation. Effect on following cereal of l qu 'w  t~eatments in 

conparison with continuous wheat and fallow-wheat over a 6- ye^ pericd 

w i l l  allow evaluation of lqme contribution in  a farming systems 

approach. Both phases of the mtation are qnmn each year. Fhase I 

includes 1- treatments, i n  which quantities of N fixed are measured 

using ''N methodolcq. Phase I1 is planted with wheat, i n  which varying 

levels of N fert i l ization allow calibration of N contribution from phase 

I treatments against yield and N-uptake f m  added N fe r t i l i ze r .  Fmm 

phase I treatments, N contributions E m  soi l  and fixation in the 1- 

crop can be obtained, E m  which potential N contribution t o  soil is 

calculated. With phase I1 trea'ummts, fe r t i l i ze r  use efficiency (FUE) , 
a s  w e l l  as amunt of fixed N from the previous crop treatment (soil 4, 



value) can be measured using '3 enrichment data. In addition, 

cnntrhtions from phase I treatments can be calibrated against yield and 

N-uptake from N fertilizer added to following cereal crop (fertilizer 

replacement value). 

Phase I ( 1 ~ )  treatments include: 

1. winter-planted chickpea, inoculated 

2. winterplanted chi-, uninoculated 

3. spring-planted chi-, indated 

4. spring-planted chi*, uninoculated 

5. lentil 

6. lentil with p m t  seed treabwt for sitona control 

7. drypeas 
8. dry peas with pmmet seed treatment 

9. faba bean (Syrian local large) 

10. Vicia sativa ssp. daw- 

11. y&& n&nensis 

satiws 12. I a t h m  

13. wheat 

14. fallow, weed-free 

Yield data from l q m e  treatmats in this first year of the 

rotation trial reflected the differem in rainfall at the two locations 

(Fig. 2.5.1) . Vicia m n e n s i s  responded spxtacularly to the increased 
rainfall at 'Twkal, with biolcgical yield of 10,610 kg/ha -ed with 

2967 kg/ha at Tel Hadya. Winter-sown chic- responded significantly to 

inaxlation with a superior Rhizobium strain at both locations with 26% 

and 53% increases in seed yield at Tel Hadya and Terbol, respedively. 

Spring-sown chic- performed similarly at both locations, with no 

significant differences between treatmats or locations. Promst, used to 

control nodule feeding by Sitona larvae, significantly increased 

biolcgical yields in lentil at Terbol, and in peas at both locations 

(Fig. 2.5.1). 



It  is expected that l q m e  N, fixation data obtained from ''N analysis 

w i l l  parallel yield trends, and that yield of the subsequent cereal crop 

w i l l  be affected by the quantities of N taken up from the so i l  in 

different lecjlrme t r e a m t s .  Nz fixation data from 1990/91 and subsequent 

cereal yields and fe r t i l i ze r  use efficiency (91/92) w i l l  be rep& in 

next season's I q m ~  -am report. 'Ihe t r i a l  is designed t o  continue 

for a 6-year period, t o  quantify the lqme N effect  in  legcme-meat 

rotations. 

D.P. Beck and M.C. Saxena 
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Figure 2.5.1. Total biolgocial and seed yields of legumes in  
T e b l  and Tel Hadya, 1990/91. 



2.5.2. Evaluation of the Necessity for IllDcllaticm of Chickpea in Syria 

Evaluation of the necessity for  inaxlat ion form an important wnpnent  

of stratesy i n  Y fixation inpmwmmt, a s  it allows the investigator to 

f c a s  effor ts  in those areas &here respme to inoculation w i t h  inproved 

strains is most likely. The absMoe of ncdules, indicating absMoe of 

rhizobia no3ula tw chi-, clearly demonstrates tha t  inoculation is 

needed. However, ICARW research has shown that specific strain-cultivar 

interacticns occur i n  chidqza, ard the necessity for inoculation may 

also exist where intnzduced cultivars cannot express the i r  full  

capability for  N fixation in symbiosis w i t h  native rhizcbial populations 

which have developed in madaptation w i t h  local landraces. 

Earlier tests of a greenhouse technique t o  determine the need to 

inoculate confirmed the usefulness of this methalology i n  evaluating 

native rhizobial populations (1990 ~ e q w  program -1 Report). 

Symbiotic effectiveness, evaluated using a hydroponic N-free system, gave 

a very reproducible and accurate estimation of necessity for inoculation 

and, i n  addition, gave accurate estimations of so i l  rhizobia populations. 

Wing 1991, a to ta l  of 38 sites in  Syria were evaluated for the presence 

and symbiotic effectiveness of rhizobia on 2 chic- cult ivars (ILC 195 

and ILC 482), a s  a preliminary to f ie ld  testing of selected i n m l a n t  

strains. Indigenous populations were chamderized by their ab i l i ty  t o  

f i x  N in an N-free system (where plant N = fixed N ) ,  a s  cconpared t o  

plants fed adequate ccanbined N for minnnn  growth and uninoculated 

wntrols.  

Of the soils tested, more than half contained resident rhizobial 

populations that w e r e  of law ef fectiv- on chi* (Table 2.5.1) . In 
-ate tests, response to inoculation w i t h  selected superior s t ra ins  

was wnsistently pwit ive  i n  soils where the measured symbiotic 

efficiemq of the native population was less than 50%. 'Ihe results  

clearly show that general statements regarding the need to inoculate in  

large regions of Syria cannot be made. In Kamishly area, for example, 



Soils from H i m  Station and k rbseyeh  contained e f f ea ive  chi* 

rhizobia, but in  Malkeyeh, Bayendcur, Hhmweiyeh, ard Kazmeiyeh 

m a t i o n s  were of low effectiveness. 

Table 2.5.1. symbiotic efficiencies of ~ t i v e  rhizobial populations for 
chickpa-gmwing areas of Syria. 

kca t ion  F'mvince Effic- Location F ~ ~ i n c e  Effic- 
iw iency 

(%) (%) 

Al-Hader 
Jinderiss 
Ham Station 
Shiekh Yousef 
Afrin 
Sulceilkeyeh 
Nawa 
Mourek 
BeftKnwsr 
TaftaMse 
Tel Hadya 
J i l l i n  Stn 
Tamanaa 
Salameyeh 
Banias 
Breda Station 
Hinmweiyeh 
'Ihaala 
Tal Jibbin 

Aleppo 
Aleppo 
Hama 
Idleb 
ueppo 
Ghak 
Daraa 
Idleb 
Idleb 
Idleb 

Daraa 
Idleb 
Hama 
Lattakia 
X ~ P P  
Kamishly 
Sweida 
Aleppo 

H i m  Station Kamishly 
Kafar Sandal Idleb 
Alkamiyeh Aleppo 
Cerbaseyeh Kamishly 
Hcam Station Horns 
Tal Sahhan Idleb 
kir Sawan 
I zm Fesexch Station 
Ghab Station 
Deir Kaak Alepp 
Kafar Nouran Alepp 
Mennes Rouge Valley 
Malkeyeh Kamishly 
Handawyeh Idleb 
Al Howeiz lat takia 
Bayendour MY 
Kazmeiyeh Kamishly 
Azaz Aleppo 
Ta-CBn Idleb 

The above effectiveness values are average results from two 

cultivars. Because of prevalent s t r a i n d t i v a r  interactions noted in 

ear l ier  studies, it is essential in such screening t o  take into 

consideration the cul t ivar(s)  which my be inoculated, so that  the 

screen* can be tai lored to the d t i v a r .  Despite this oomplexity, 



these results irdicate considerable scope for ~ruvenent of chickpa 

yields through the practice of incculation with selected superior 

strains, particularly where ~ ~ e d  cultivars are used. 

2.5.3. Chickpea Strain Characterization 

The ICARDA Rhizcbium collection is mintained and tested as a service to 

NARS cooperators thnxghout the world for nardate crop rhizobia strains. 

Objectives of characterization are to select sets of highly effective and 

cmptitive strains which are distinguishable through various 

identification methcdolcgies. Characterization of the ca. 100 strains 
contained in the chic- rhizobia collection was oompleted durirq 1991; 

data on symbiotic effectiveness with a range of inp,mved cultivars, salt 

and heat toleranoe, and intrinsic antibiotic resistance (IAR) were 

collected, and will be included in a database catalqe to be available 

in early 1992. 

IAR characterization separated the collection into 4 distinct 

group. These clusters also generally followed a regional aliqment as 

follm: Group I, Indian subcontinent: Group 11, N. Africa: Group 111, 

W. Asia EU7d. S .  Mediterranean E u q ~ :  and Group IV, mkey. Polyclonal 

antisera for hiqhly effective strains from each group are under 

production, for identification of strains under bm carditions using 
the ELISA (enzyme linked innnunosorkent assay) technique. 'Ihese strains, 

which include CP39 (USA), CP42 (India), 8 4 8  ( M o m )  , CP54 (Momcco) , 
CP51 (Cypzus), CP54 (Morccco), and CP69 (Wkey), are included in a 

regional project to test cconpetitiveness and survival Wer varying 

agroemriromts. lhese strains and antisera are available on request to 

NARS cooperators. 

2.5.4. Chickpea S t r a i n  x Type ampatibility 

'Ihe two groups of arietinum cultivars, kabuli and desi, probably 

have different centers of origin. It has been suggested that the large- 

seeded kahuli types originated somewhere in the eastern Mediterranean 



region, and the desi from Ethiopia; toth regions are in I04RDA's IMndate. 

Considering the large degree of strain-cultivar interactions for 

ncdulation and Nz fixation in  chickpa,  it was postulated that Rhizobim 

s t ra ins  isolated near the relevant centers of origin m y  show a 

p-ity for in fec t ivenw and effectiveness with cultivars E m  the 

respective gmup. 

menty rfiizobia strains of differing origin and variable 

effectiveness on 1G3bUli chic- were tested for campatibility w i t h  two 

desi - typ genotypes and three divergent Wuli-type genotypes in a 

greenhouse experiment using the N-free aseptic system described 

previwsly. Of the 2 0  strains,  several showed large differences in 

average effectiveness on kabuli and desi types. Although some strains 

followed the expxted pattern, the origin of the strains did not always 

coincide w i t h  postulated a m p t i b i l i t y .  'IWo Irdian strains,  for m l e ,  

performed significantly better on kabuli t y p s ,  while isolates from Spain 

and the U . S . A .  were m r e  efficient fixers with desi types. 

In m y  cases, isolates have been W r t e d  with seed or  incculants. 

and may have originated far  E m  the pint of isolation. Further studies 

have therefore been init iated in  cooperation with the Microbial Ecolcgy 

Lkparbnent of the University of Lyon, France, using W M W  

hybridization, RFLP and ENA profiles to determine i f  two dist inct  typs 

of chickpea rhizobia exist. Early results  irdicate two dist inct  types, 

a s  well a s  clear differ- from a l l  other species of Rhizobim. A 

clearer classification of &?$x rhizobia w i l l  follow further tests on 

genetic makeup of strains and their host compatibility. 

D.P. Beck 

2.6. Chickpea Physiology and Bqmnuny 

Ceveloping chickpa genotypes which are better adapted t o  a range of soi l  

moisture e n v i r o m t s  is an imprtant objective of chickpa improvement 

work a t  ICARDA. Thirty-six promising genotypes (G) were studied t o  



identify cambind dmught resistance and higher respmsiveness to 

increasing available soil moisture supply. 

2.6.1. Resprmse of Gem- to Varying Wil Moisture 8upply 

?his expximerrt was similar to the one co- last year at Tel Hadya 
(pages 107-111, FLIP Annual Report 1990), but with 36 different 

gencrtypes. 'Ihe aim was to test whether linesource sprinkler system 

could be effective in identifying genotypic differences in the toleram 
to amusht and in the reqmnsiveness to increased moisture supply. 

Sxing was done on 10-3-1991 and a post-sow* irrigation was applied on 

16-3-1991. Ewqenoe cccurred betem 24/3 and 28/3 1991. A gradient of 

soil moisture (IL) was created by supplemental irrigation on 6 dates (on 

10/4, 22/4, 30/4, 9/5, 19/5, 29/5, and 7/6, 1991) by a line-source 

sprinkler irrigation wthcd. The extremes of IL were 293 nun (rainfed) 

an3 458 m (the b e s t - w a M  treatment). 

Rainfall at Tel Hadya was 293 nun this year ccnpared with 233 nun 

ciuring 1989/90, but was lower by 11% ccnpared with 328 m, the long-term 

site mean. Effeds of G, IL and G x IL were all significant in seed yield 

(SY) and total biological yield (TBY) . 

Responses to increased moisture supply hoth in seed yield (SY) and 

total biolcqical yield (TBY) were large and significant with each 

increased level of moisture supply (Table 2.6.1) . Between the rainfed 

and the bgt-watered treatm?nts SY was three tims and TBY 2.4 times 

higher. ?his suggests that growth an3 seed yield of chic* are greatly 

reduced by druqht. In contrast to lentil, hawest index was 

significantly higher in the i n c d  moisture supply treamts (Table 

2.6.1). 



Table 2.6.1. Effect of to ta l  seascola1 moisture supply (rainfall  + 
supplemmtay irrigation) on the mean seed yield (SY), 
t o t a l  biolcqical yield (TBY) an3 harvest index (HI) of 40 
chi* genotypes, Tel  Hadya, 1990/91. 

TdZal SeaSOMl SY TBY HI 
moisture (nun) (kg/ha) (kg/ha) ( 8 )  

SE (+) 
LSD (p0.05) 
cv% 

A linear response t o  increased moisture supply was o m e d  both in  

SY and TBY across the 36 chickpa genotypes studied (Fig 2.6.1) . Linear 

regression estimates of intercepts and slopes for  the 36 genotypes are 

given in Table 2.6.2. ~enotypes IU3 1929, FLIP 88-36 C, FLIP 88-79c, ICC 

10448, and ICC 10991 had higher intercept than the rest. Genotypes ILC 

613, FLIP 88-7C an3 FLIP 88-87C had higher slope than the rest of 

genotypes. A high intercept is indicative of a good performanoe under 

dnqht conditio~ls and a high slope of greater responsiveness t o  

increased moisture supply. A close mqative a m l a t i o n  between the 

i n t e r ~ e p t s  an3 slopes both for SY an3 TBY (Fig 2.6.2) for  the few 

genotypes studied, suggests that  it I M ~  be diff icul t  t o  find amongst 

exisi t ing cultivars chi- genotypes that  wculd d i n e  both best 

drought resistance and resp~nse to increasing moisture supply. A 

crossing prcqram using lines with contrasting i n d p t  an3 slope values 

may yield recombinants with + m e d  values for both. 

M.C. Saxem and N.P. saxena 



Table 2.6.2. ~stimtes of intemepts and slopes of a linear regression 
analysis of seasonal moisture supply with seed yield (SY, 
kg/ha) and total biological yield (TBY, kg/ha), and the 
wrrespnd~ $ values. 

SY ~W/hal  TBY fks/ha) 
-0Q'Fe Estimate Slope & Estimate Slope $ 

IIC 100 
ILC 262 
ILC 464 
IIC 613 
ILC 629 
ILC 1272 
ILC 1687 
ILC 1919 
ILC 1929 
IIC 1930 
ILC 2629 
ILC 3116 
F 82-73C 
F82-2C 
F84-80C 
F85-4C 
F85-49C 
FEE-5C 
F88-7C 
F88-llC 
F88-13C 
F88-15C 
F88-23C 
F88-3% 
F88-50C 
F88-55€ 
F88-58C 
F88-72C 
FEE-78C 
FEE-79C 
FEE-83C 
F88-84C 
F88-86C 
F88-87C 
ICC 4958 
ICC 10448 
ICC 10991 
ICCL 82001 
ANNIGERI 
K 850 
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Figure 2.6.1. Relationship between seasonal total miture supply and 
seed and biolcgical yields of 36 chic- genotypes, Tel 
Hadya, 1991. 

Figure 2.6.2. Relationship between the slope and the intercept of the 
regression of yield with total seasonal mositure supply. 
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Average l en t i l  yields are low because of p r  crop management and the low 

yield potential of landraces. In S. Asia axd E. Africa diseases are also 

a mjor constraint to production. Accordiqly an integrated appmach t o  

l en t i l  h p m v d  is k i n g  purrued a t  ICARaA covering the developrent of 

both impmved production technolcqy and genetic stocks. A high priori ty 

has been place3 on transferring to ~ t i o m l  programs the results of 

resear& on lentil harvest mechanization systms to reduce the high cost 

of hamesting by hand in the West Asia and ~ o r t h  Africa region. 

A q u d c  research to develop improved procbK.tion practices is condubed 

in coordination w i t h  the Farm Resourae m g e m e n t  Prqram, d is 

&m~Ied t o  the region a.0. via the Internatioml Testing Network. 

Increasing the biologically fixed nitrogen in the barley and wheat-based 

mcpirq system is the aim of act ivi t ies  in Fhizobium research and Sitona 
weevil control. 

3.1. Lentil Breeding 

L e n t i l  bnxding a t  ICPRoA fccuses on three contrasting agro-ecological 

q i o n s .  The inprbmx of the regions in terns of l en t i l  prcduction and 

the allmation of resouroes i n  breeding are mmar i zed  together w i t h  the 

respedive breeding aims i n  Table 3.1.1. 

3.1.1. Base Pmgrzna 

3.1.1.1. schwe 

The bred* prcgram is divided into streams d i r e  toward the three 

taryet, agro-ecolcgical zones mentioned b e .  A description of the 

scheme of breeding was given in the ICARW Annual R e p r t  1985. 

Appmxi~~ te ly  250 crosses are made annually and hardled in a bulk- 

pedigree system using off-season generation advanoement. This season we  

used Terbol Station a t  950 m elevation fo r  the f i m t  time for the summer 

mrsery. Cay length had t o  be exterded to 16 hrs by supplementary liat. 



Table 3.1.1. Major target agn-€cOlcgical regions of pmction of 
lentil wether with the allocation of resources in 
breeding and key breeding a h .  

Region % of lentil area % of Key characte~~ 
in developing resouroes for reccanbination 
countries 

Mediterranean 24 75 Bimass (seed + straw), 
low to medium attributes for 
elevation mechanical harvest, 

wilt resistance, 
droucplt tolerance 

S. Asia and 51 20 Seed yield, early 
E. Africa maturity, resistance to 

rust, -yta 
and wilt 

High elevation 14 5 Bimass, winter 
hazdiness, attributes 
for mechanization 

Sesregating populations tageted for the different regions are 

distributed with emphasis placed on relevant constraints, providing 

breeding material for national pmgram for selection and cultivar 

developnent &. In the Mediterranean area selection for response to 

varied moisture supply is conducted at ICARW stations in Lebanon and 

Syria. Lines and segregating m a t i o n s  with specific characters are 

supplied throuqh the Intematioml Testing Network. 

3.1.1.2. Yield trials 

Selections from the breeding prcqram for West Asia and North Africa are 

tested in preliminary am3 advanced yield trials at three lcations 

varying in their annual average rainfall, m l y  EE& (long-term average 

annual rainfall total 281 nun) and Tel Hadya (328 nun) in Syria and Terbol 

(545 mn) in Lebanon. Dlring the 1990/91 season the rainfall was below 



the long-term average a t  a l l  sites w i t h  241, 288, and 499 nun received up 

to the erd of June a t  Breda, Tel  Hadya and Terbol,  respect ively .  Bicmass 

fo l l aved  the r a i n f a l l  g r a d i e n t  w i t h  mean b i m s s  y i e l d s  a t  Breda, Tel  

Hadya and -1 of  2.0, 2.1, and 8.0 t/ha, respec t ive ly .  A s w  of 

the mts o f  the y i e l d  trials is given i n  Table  3.1.2. 

Table 3.1.2. Results of the lentil  y i e l d  trials f o r  seed (s) and 
biaass (B) y i e l d s  (Icg/ha) a t  three contrasting ra in fed  
loca t ions :  T-1 (Iebanon) , T e l  Hadya and Breda (Syr ia)  
during the 1989/90 season. 

Location -1 Tel  Hadva Br& 
T o t a l  seasanal r a i n f a l l  (nun) 499 288 241 

S B S B S B 

Mrmber of t r i a l s  9 9 15  15 9 10 
Mrmber of test entries* 195 195 309 309 188 211 
% of entries s i g .  (R0.05)  1.0 8.2 6.5 4.5 8.5 3.3 
exceeding best check** 

% o f  entries ranlcing above 32.3 33.8 37.9 31.4 46.3 37.0 
best check (excluding above) 

Y i e l d  Of t a p  en* (@/ha) 4146 11411 1066 3272 772 2882 
Best check y i e l d  (kg/ha) 3482 8185 434 2219 575 2073 
-tion man (kg/ha) 3135 7993 388 2096 577 2001 
Fbnqe i n  C.V. (%) 7-21 7-12 14-37 7-17 6-17 6-14 
Mean advantage of  lattice 11.4 21.4 13 59 15.7 7 .1  
wer RBD (%) 

* htries caman aver locations. 
** we-seeded checks: ILL 4400 long-term, Idleb 1 improved: 

Small-seeded checks: ILL 4401 long-term, 78526013 inpmved. 

At T e l  Hadya there was a high i n f e s t a t i o n  of both  pea aphid 

(Acvrthosiphon w) and black bean aphid (w craccivora)  reducing 

yields in the y i e l d  t r i a l s ,  which were assessed f o r  aphid damage. Ihe 

d i s t r i b u t i o n  of n a h l  i n f e s t a t i o n  was uneven, as attested by highly  

s i g n i f i c a n t  replicate eff- f o r  aphid damage score in n ine  o u t  of  12 

trials. In on ly  three trials w e r e  there significant d i f fe rences  between 



genotypes for aphid damage. In these three cases, aphid damage was 

significantly and negatively correlated to bimss, grain ard straw 

yields. ~t Terbol the yields of lentil were m n g  the highest recorded 

with biomass pea)cing at 11.4 t/ha and seed yield reaching 4.1 t/ha. It 

should, hmver, be r d r e d  that these are only m11-plot yields. 

For seed yield the pnzsntages of lines significantly outyielding 

the best checkwere 1.0, 6.5 and 8.5 % at -1, Tel Hadya a d  Breda, 

respectively. mre test lines merely ranked above the best check for 
seed yield, representing 32, 38 and 46 % of the total lines tested at 

T d l ,  Tel Hadya and Breda, respectively. 'Ihe results for bimss 

follow the general pattern shown by t h e  for seed yield. 

w. W n e  

3.1.1.3. International nurseries 

The lentil international breeding nurseries have evolved ard diversified 

from the stage of provision of yield trials to the supply of an 

additional wide range of cmssing bl&/resistant source5 and 

segregating populations for each of the three mjor target agro- 

ecological regions of prcduction (see International Nurseries section for 

a q l e t e  listing of trials). 

This year there has been an increase in the number of entries in 

international trials provided by national prcqmm. It is cur aim to 

increase the inpt into the international testing program of national 

pmgrams. Included in 1992 international trials were two lines from the 

soviet Union, three from Faisalabad, Pakistan and one fm Islamabad, 

&stan. Other entries have been supplied by NnRSs am3 are in 

mltiplication for inclusion in next season's trials. 

3.1.1.4. Screening for vascular wilt resistance 

V a s c u l a r  wilt caused by Fusariun oxvswnnn f .sp. is the mjor 

fungal disease of lentil in the Mediterranean region. Screening of new 

breeding material for resistance to vascular wilt continued this year in 

the plastic hcuse using the method developed in the 1987/88 season (F'LIP 



Annual Report 1988). 

A total of 183 l ines of cultivated l en t i l  were screened for their 

reaction to w i l t  a t  the seedling stage in the 1990/91 season. me lines 

were rated on a 1-9 scale w i t h  rating 1 = resistant and rating 9 = a l l  

plants killed. Seventyseven l ines gave ratings < 3 and w i l l  be re- 

screened in an aciult-stage sneening t r i a l  next season. 

m e  44 most resistant lines i n  the seedling test of the 1989/90 

seascn were screened this year in pots infested w i t h  the causal organism 

to evaluate their performance a t  a different, l a t e r  stage of growth. 

Plants w e r e  rated twice, two months and five months a f te r  sowing. Most 

lines were resistant a t  two months, confirming l a s t  year's results. mt, 
by five months, only three l ines (ILL 6434, -6991 and -6995) showed 

tolerance to w i l t  (rating <5) .  These resistant lines w i l l  be shared with 

national prcqrams in the international nursery - Lentil International 

Fusarim W i l t  Nursery (LIFWN) . 

R e s u l t s  of UFWN-90 from the national pragan in Egypt indicate that  

the -rial was challenged w i t h  a m i x t u r e  of vascular w i l t  and eight 

other soil-born pathwens b3th in pots and in a sick-plot in  the field.  

Six of the 13 test entries were rated highly resistant t o  this mot  

rot/wilt disease complex. 

Las t  year a total of 221 accgsions of wild len t i l ,  comprising LBE 

culinaris subsp. orientalis, L. d i n a r i s  subsp. cdmmsis, L. nicricans 

subsp. nisricans, L. n i s r i m  subsp. ervoides, and && montbretii 

(syn. &E montbretii) f m  nine countries, were tested for their 

reaction to vascular w i l t .  The screening was done a t  the seedling stage 

with the same methodolq as for the cultivated len t i l s  and a wide range 

in reaction to w i l t  was cbserved ( m P  -1 Report 1990). 

%is year, the 4 1  most resistant wild accessions in the seedling- 

stage test were rexreened for their reaction t o  w i l t  a t  the adult stage 

in pots. me overall mean soore in adult stage reaction t o  w i l t  was 5.4 



on a 1-9 scale as against <3.0 a t  seedling stage. The high mean score a t  

the adult stage indicates that  mast of t h e  accessions rated resistant 
a t  the se4lb-q stage bs-ame ~ s c e p t i b l e  a t  the adult stage. However, 

wxoe accessions retain& thei r  resistant reaction f m  the seedling stage 

into the adult stage. The m t  w i l t  resistant accessions i n  the adult 

stage are listed i n  Table 3.1.3. R e s i s t a n c e  w a s  found w i t h i n  L. 
culinaris subsp. orientalis ,  t. nimicaw subsp. niuricans, and L. 
niaricans subsp. ervoides. 

W. Rskina and B. Bayaa (Aleppo University) 

3.1.1.5. S x e n i q  for resistance t a w b l i g h t  

Ascochyta blight (Axcchyta lentis) is considered t o  te among the most 

iqmrtant b iot ic  stresses affecting the crop's p m c t i v i t y ,  particularly 

in  Canada, Ethiopia and parts of the Irdian sub-continent and the region 

of West Asia and North Africa. Lasses are not d y  to the s w i n g  crop, 

but also to the seed quality E m  infection in the swathe. Chemical 

control is too experujive for practical blight control and host-plant 

resistanoe is the most feasible and e n v i r o m t a l l y  s o d  means of 

disease management. Sources of resistance to Asoxhyta blight have been 

identified within the cultivated lentil and they are in  use in  breeding. 

We have searched for alten-ative souroes of resistance to blight amow 

wild l en t i l s .  

A total of 245 accessions of wild l en t i l  and three a-ions of V. 
mntbre t i i  were screened for reaction t o  Azuxhyta blight. Ihe 

accessions ranged in  reaction on a 1-9 scale from highly resistant (1 

score) to susceptible (9 score). The werall distribution in Asoxhyta 

scores m n g  accessions is shown in  Figure 3.1.1. A l l  accessions of V- 

mntbre t i i  w e r e  resistant. mere were suns resistant accessions i n  

each wild subspecies. W i t h i n  subspecies the percentage of resistant 

accessions ranged from 41% in  L. nimicans subsp. ervoides, 34% in L. 
culinaris subsp. denemis and 24% i n  L. c u l k i s  subsp. orientalis  t o  

only 9% within _L. niuricans subsp. niuricans (Table 3.1.4). 



Table 3.1.3. Xem %ium wilt soore of the m t  resistant wild lentil 
aooessions with their reaction to Asccchyta blight and 
country of origin. 

Amesion Subqe&ss Origin Disease score+ 
No. Wilt -yta 
(Im) 

79 - L. dinaris subsp. orientalis 'Turkey 1.25 4.8 
138 - L. niqricans subsp. ervoides Syria 1.43 1.0 
70 - L. culinaris suhsp. orientalis Iran 2.00 5.3 
113 - L. culinaris subsp. orientalis 'Turkey 2.13 6.4 
59 - L. niaricans subsp. ervoides 'Turkey 2.32 1.9 
28 - L. niaricans subsp. niaricans Yugoslavia 2.50 4.8 
15 - L. niqricans subsp. niqricans Ftanx 2.57 2.2 
27 - L. niqricans subsp. niqricans Yugoslavia 2.61 2.3 

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

No. of accessions 

Ascochyta rating 

Figure 3.1.1. N u k r  of wild lentil accessions in four rating gmups for 
reaction to Asuxhyta blight based on a scale with 1 = 
highly resistant and 9 = highly susceptible. 



Table 3.1.4. Accession nlnnbers of wild lentil accwions resistant to 
Asachyta bliqht. Underlined accessions were inunune to 
Ascozhyta with disease soores of 1 in all ratiqs. 

L. culinaris suhsp. orientalis 4, 7, 69, 77, 80, 84, 86, 88, 93, 94, - 
117, 118, 121, , , 181, 248, 
257, 222, 302, 304, 315, 330, 331 

L. culinaris subsp. cdemensis 20, 116, 166, 168, 170, 172, 173, - 
174, 203, 238, 254, 300 

L. nimicans subsp. ervoides 41, 45, 50, 8, a, 123, 128, 129, - 

130, 133, 134, u, 138, 139, 141, 
184, 142, 158, 185, 186, 193, 206, 

207, 208, 259, 261, 262, 263, 269, 

V. mntbretii 12, 107, 283 

* ILWL : International Lqum Wild Lentil. 

A total of 78 accessions with disease scores below 3 were then re- 

screened against asccchyta blight. h n g  them were 30 accessions which 

retained their strongly resistant reaction of a disease score of 1. An 

additional 48 acowiors had disease scores between 1 and 3. The 

accession numbers of resistant accessions are given in Table 3.1.4. 

lhe high proportion of resistant accessions within Z- nirrricans 
subsp. ervoides m y  be due to its shady habitat which contrasts with the 

O m  habitats of the other wild lentils. Under shade, the humidity is 

high and we m y  postulate that natural selection has evolved resistant 

folms under disease pressure, which prevails uM-er such corrlitions. 



l b r e  was a higher frequercy of resistant a-ions originating 

frwn Syria (45%) than froin -key (21%) over a l l  &species. 'Ihis may 

he caused by our use of a Syrian isolate of the p a m e n  in screening. 

The hypthesis is testable by a test of pathcgenicity uskg isolates from 

both mmtries. 
W. Erskiae, A. HBpdi and B. Bayaa (Aleppo university) 

3.1.1.6. ((creeming for resistama to rust 

IhLSt is the major fungal pathcqen of len t i l  in the Indian sub-mntinent, 

Ethiopia and MO-. W e  initiated systematic screening for resistance 

l a s t  season in collaboration w i t h  the Noroocan national prcqram in a 

disease 'hot-spot'. Previously, screening had been u n d m  on an 

opportunistic basis. The results of this year's screening are given in 

th i s  report under the subsedion North Africa. 

3.1.1.7. ((creeming for resistance to orpbMche 

Ez'cmrape (Orokanche spp.) is a major cause of yield loss i n  lent i l  i n  
scme Mediterranean countries. One a~prmch to OrobKlche control is 

through the use of host-plant resistance. Variability within the cmp t o  

Orobanche attack is low Kd no resistance has teen identified despite 

extensive screening of germplasm. W e  are, therefore, exploring wild Leas 
species for sources of resistanoe. A total of 128 a m i o n s  of wild 

lentil, annpriskg 54 acoessions of &E dinaris subsp. orientalis, 16 

of _L. d i n a r i s  subsp. cxlasr6is. 22 of L. niuricans subsp. nisricans, 

ard 36 of L. nisricans subsp. ervoides, have teen screened using the 

petri-dish technique for Ombanche. None of the acoessions showed a 

resistant reaction and we w i l l  screen additional wild germplasm next 

season. 

K.-H. Linke and W. Erskine 

3.1.1.8. MDrpholcgical variation in the genus Lens 
As there are wntradictory interpretations of the species 

relationships and their identification, we s t d i e d  various m@olcgical 

charackm in a survey of variation between and within Lglz species t o  

fin3 c h r a c t e ~ ~ ,  other than crossability, that  distinguish the subspecies 



Table 3.1.5. Numker of accessions, means, ranges an3 stamlard deviation for 
mrpholcgical characters of species acoessions gmwn in 
the plastic hmse in 1990/91. 

No. of accessions 10 48 10 14 39 
Plant habit Range 5 1,2,3,4.3 1,2,3 2,3,4 1,2,3,4 
Lensth of the Mean 10.5 6.7 6.5 4.9 5.1 
fikt bifoliate Rame 

2- 

leaflet Sd. 
Width of the Mean 
first bifoliate Ranqe 
leaflet Sd. 
Ratio of lecqth/ Mean 
width of leaflet Range 

Sd. 
No. of leaflets/ Mean 
leaf Range 

Sd. 
Ieafpuksxxlce Mean 

Range 
Sd. 

Stipule shape Range 
stipule r a y i n  Range 
stipule angle Mean 

Ranoe 
A - 

Sd. 
Corolla mlor M e a ~ !  

Range 
Sd. 

Tendril m e  
developrent 

Plant habit: 1: prostrate 2: deambent 3: a d e n t  4: semi-erect 5: 
erect 

Leaf pbsaxce: 1: lanceolate: 2: semi-hastate 
sti~uie -in: 1: entire: 2: dentate 
sti&le aqie: 1: horizontal: 1: semi-vertical: 3: vertical 
Corolla mlor: 1: st- whitish, whitish-blue veins 

2: seardard light prple or bluish 
3: standard dark prple blue 

Tendrils 1: urdeveloped: 2: developed 



L. culinaris suhsp. akmxis frun L. n i w i m  subsp. n i w i c a n s  - 

(previously  both included in one spec ies ) .  

T h e  mmbsr of aocessions of each subspecies, means and ranges for 

the 11 characters sMid are given in Table 3.1.5. A l l  aocgsions of 

Table 3.1.5. Nmixx of accessions, means, ranges ant! standard deviation fo r  
morphological charactem of  lens species accessions gmwn i n  
the p l a s t i c  hcwe i n  1990/91. 

OLaracters Species/ _5. dinaris L. n isr icans  
m t s p .  culinaris o r i e n t a l i s  odemensis nisricans ervoides 

No. of a-ions 10 48 10 14 39 
Plant hab i t  Pdnw 5 1,2,3,4.3 1.2.3 2.3.4 1,2,3,4 
L e n o t h o f t h e  rn 10.5 6.7 6.5 4.9 5 .1  

f i k t  b i f o l i a t e  Range 8.2-13.6 4.7-8.1 5.6-7.4 4.6-5.5 3.2-6.9 
l e a f l e t  Sd. 1.7 0.79 0.58 0.34 0.73 

Width of the Msan 3.6 2.3 1.4 2.9 2.1 
f i r s t b i f o l i a t e  m e  2.6-5 1.4-3.1 1.1-1.9 2.1-3.7 1.1-2.9 
l e a f l e t  Sd. 0.78 0.40 0.28 0.47 0.35 

Ratio of length/ ~ e a n  3.0 3.1 4.8 1 .8  2.5 
width of l e a f l e t  Range 2.3-3.7 2.2-4.4 4.0-6.5 1.3-2.6 2.0-3.0 

Sd. 0.37 0.43 0.84 0.33 0.28 
No. of  l ea f l e t s /  Mean 12.4 8.9 8.8 8.4 6.6 

l ea f  Range 10-15 6-13 7-11 7-10 5-8 
Sd. 1.4 1.5 1.3 0.80 0.83 

LBaf Mean 2.4 2.2 2.2 2.4 1.4 
Range 2-3 1-3 1-3 2-3 1-2 
Sd. 0.52 0.83 0.79 0.51 0.49 

S t i p l e  shape Range 1 1 2 2 2 
S t ip l l em3lq in  Range 1 1 2 2 2 
Stipule angle Mean 1.3 1.3 1.7 1.9 1.3 

~ a n g e  1-2 1-2 1-2 1-3 1-2 
Sd. 0.48 0.47 0.48 0.33 0.44 

Corolla mlor Mean 1.2 2.0 2.3 2.7 2.2 
Range 1-2 1-3 2-3 2-3 1-3 
Sd. 0.42 0.61 0.48 0.47 0.47 

Tendril ~ a n g e  1,2 1,2 1 , 2  1 1,2  
devel-t 

Plant  Wit: 1: p m s t r a t e  2: deannkmt 3: a&& 4: semi-erect 5: 
emzt 

Leaf plbescence: 1: lanceolate;  2: semi-hastate 
S t i p l e  margin: 1: entire; 2: dentate 
S t i p l e  angle: 1: horizontal;  1: semi-vertical; 3: v e r t i c a l  
Corolla color:  1: shndazd whitish, whitish-blw veins  

2: standard l i g h t  puple o r  b luish  
3: standard dark puple blue 

M i l s  1: Unaeveloped; 2: developed 



the cultivated l en t i l  had an erect plant habit, whereas a-ions of 

other subspecies varied widely f m  pmstrate t o  semi-erect. Sutspecies 

-ides had the larest rnrmber of leaflets per leaf, which were sl iqhtly 

pubescent. As this subspecies also had the smallest leaflets an3 seeds 

(rep3rted elsewhere), it appears to be the nast phenotypically unique of 

Lens subspecies. S t i p l e  shape and margin are major diagnostic 

characters distinguishing the species L. nicrricans, on the one hand, from 

the L. dinaris subspecies dinaris and orientalis ,  on the other hand. 

Hmever, L. culinaris subsp. alawnzis has a similar semi-hastate st ipule 

shape to L. subsp. niuricans. 'Ihe ranges within the subspecies 

cdamsis and nicrricans overlapped for a l l  characters, except length and 

width of the f i r s t  bifoliate leaf le ts  (and their ra t io) ,  suggesting that  

these t r a i t s  distinguish between the subspecies. 

3.1.1.9. Evaluation of wild relatives of lentil for agronoaic chaaders 

olle hundred an3 twentyone accessions of Lens species w e r e  grown a t  Tel 

Hadya under f ie ld  conditions and in  the plastic house in  the 1990/91 

season t o  evaluate phenoloqical and yield characters. S m  accessions of 

L. d i n a r i s  subsp. orientalis  w e r e  earlier to flower and mature than the - 

earliest cultivated check ILL 4605: this precocity w i l l  te of value t o  

the crop inproverent pngram (Table 3.1.6) . For the other agronomic 

characters studied, these was no cbviously valuable variation within the 

wild species for  transfer t o  the d t i v a t e d  lent i l .  C m -  effor ts  w i l l  now 

fccus on screening wild l en t i l  germplasm for stress characters. 

3.1.1.10. Screening wild relatives of lentil for drought tolerance 

Susceptibility to moisture stress is a key factor in rainfed l en t i l  

production in  the Mediterranean region. In the atsence of infonmtion on 

the tolerance of wild relatives of lentil to drought we aimed to identify 

the reaction of wild relatives of l en t i l  to -t stress. A f ie ld  

trial was conducted a t  Breda (annual rainfall  of 274 m on long-term 

basis) d e r  line-source sprinkler i r r i qa t im  system using 121 l en t i l  

a ccwions  representing a l l  subspecies of genus Lens. !me water regime 

ranged from rainfed (241  nun total rain received) to rainfed + 
supplerentuy irrigations ( to ta l  water supply of 348 m). 



Table 3.1.6. Mean, ranges of accession -, and stardard deviations f o r  phenological and repraiuctive 
&am- of species gmwn under f i e l d  (F) and plastic house (P) mnditions a t  Tel Hadya 
in the 1990/91 season. 

L. dinaris L. nimicans 
Species & h i s  o r i e n t a l i s  cd-is niaricans emaides  
Subspecies F P F P F P F P F P 

No. of access. 10 10 48 48 8 10 11 14 28 39 

Biological Mean 39.4 8.3 16.7 14.4 7.7 16.8 14.7 14.2 19.6 16.3 
yield/plant Ra. 10-66 3-13 4-54 6-30 4-15 9-21 5-24 4-25 8-49 3-35 
(W) Sd. 15.7 3.6 9.9 5.8 4.7 4.0 6.8 5.1 U.2 7.2 

Seed yield/  Mean 8.2 2.1 2.2 3.9 0.34 5.9 1.8 2.0 3.0 2.5 
p lan t  (q) Fa. 0.9-18 0.6-3 0.1-11 0.2-10 0.1-0.8 0.4-7 0.2-4 0.1-8 0.1-17 0.4-6 

Sd. 4.7 0.72 2.1 2.1 0.28 1.2 1.5 2.1 3.8 1.7 

Straw yield/  Mean 
Plant (mg) Ra. 

Sd. 

Harvest Mean 
index (%) Fa. 

Sd. 

Time to MBan 
f 1- Ra. 
(day) Sd. 

T i m  to Mean 
maturity Ra. 
(day) Sd. 

Repro. Mean 
period Ra . 
(day) Sd. 



Aocgsions of L. culinaris subsp. culinaris were on average the 

earliest to flower as their average n&r of days to flower was 86 

(Table 3.1.7) . Irrigation prolonged the vegetative growth pericd for all 
subspecies. The average seed and straw yields over aocessions showed 

that subsp. culinaris p h c e d  the highest seed yields, and that subsp. 

orientalis gave the hiqhest seed and straw yields m n g  wild subspecies. 

The three sutsp. c d m i s ,  niqricans, and -ides performed 

similarly for seed yield (128 icg/ha) under rainfed conditions. Yields 

increased with water supply, hut the m t a g e  varied over subspecies. 

Thus, aocessions of subsp. orientalis and denemis showed an increase 

over rainfed conditions of 50% in seed yield with irrigation, whereas the 

seed yield of subsp. ervoides incl.8ased by 156% with irrigation. The 

hiqh irrigation respnse and susceptibility to -t of accessions of 

L. nicfricans sutsp. -ides m y  be due to their natural adaptation to a - 

shady humid habitat. 

There was a significant genotype x water regime interaction for both 

seed and straw yield, indicating that there was variation between 

individual accessions in their response to draqht stress. For exmple, 

the percentage of seed yield increase with increased water supply among 

accessions of subsp. ervoides ranged E m  20.2% for ILWL 291to 500% for 

ILWL 262. The accessions within each subspecies producing the highest 

seed yield under rainfed conditions are s h m  in W l e  3.1.8. IIWL 73 of 

L. culinaris subsp. orientalis, originating E m  Cyprus, gave the highest - 

seed yield among wild lentils of 722 kg/ha and the hiqhest water use 

efficiency of 3.4 kq/ha per m water supplied. lhe accession ILWL 294 of 

L. nicfricans sutsp. ervoides prcduced the highest rainfed straw yield of - 

2202 %/ha. 
A. Hamdi and W. Exskine 

3.1.1.11. Relationships amxj characters in lentil 

Lentil is grown as seed for human wnsmption and for its straw as a 

livestcck feed, particularly in West Asia. Consequently, the yield of 



Table 3.1.7. Means and rarqes of time to flower, seed yield (SY) and straw yield (STY) of 
wild accessions under two water regimes at Breda in the 1990/91 
season. 

Rainfed Rainfed + irriqation Seed yield 
species Days to SY STY Days to SY STY increase 

fl- (ks/ha) (W) fl- (kg/ha) (ks/ha) rainfed 

L. culinaris 
ssp. culinaris 86 1360 1800 92 2656 3552 95 

79-99 526-2688 456-3140 82-115 480-3840 1560-5384 0-72 
ssp. orientalis 92 192 808 97 288 1368 50 

80-120 28-722 243-2184 81-130 59-864 416-3960 20-110 
ssp. demensis 90 128 384 93 192 1720 50 

81-105 41-528 179-828 86-100 39-1088 200-7304 0-322 

L. nisricans - 
ssp. niaricans 102 128 688 109 200 1280 56 

89-116 45-298 251-1184 99-117 57-387 40-5872 27-30 
ssp. ervoides 101 128 664 103 328 1592 156 

92-116 25-388 280-2202 92-114 20-4504 336-10180 0-1061 



seed ard its quality, together with straw yield, are primary economic 

traits. -ledge of the mgnitxde ark3 type of relationship between 

eccomnic traits in a ~ o p  profourdly affects the apprmch to be taken in 

plant inpruvement. With genetic variances and mariances it is possible 

to predict the expected respme to selection for one economic trait and 

expected correlated response= in other traits. 'Ihe breeder often seleds 

individuals that deviate from trends in associations. Correlations are 

due to genetic or enviromtal causes, with genetic correlations 

resulting f m  either the pleiotxpic effects of genes on different 

characters or linkage between genes affecting characters. Remnbination 

can break linkages but can have no effect on correlation caused by 

pleiotropy. 

Table .1.8. Seed yield (SY), straw yield (STY) &water use efficiency 
(WE) of the highest-yielding accessions of different Lens 
species grown d e r  rainfed conditions at Breda in 1990/91. 

(W) 
SY SXY (k4 ha.' mi') 

I ~ W L  species (kg/ha) (%im) SY SXY 

L. dinaris - 
73 ssp. orientalis 722 777 3.37 3.63 
309 Ssp. 364 978 1.70 4.57 
330 ssp. orientalis 532 1610 2.49 7.52 
175 ssp. ahrensis 258 350 1.20 1.64 

L. niaricans - 
311 ssp. niaricans 298 1158 1.39 5.41 
260 ssp. ervoides 388 67 1 1.81 3.14 
294 ssp. ervoides 342 2202 1.60 10.29 
298 ssp. ervoides 322 1034 1.50 4.83 

Average of all 
sub. sp. culinaris 1360 1800 6.36 8.41 



mere  are several reports of the a smia t i ons  amm yield, its 

cmqmnents, and phemlqical  characters in  l en t i l  MSed on few, 

relatively similar lines grown i n  single environments. mt a s  

her i tabi l i ty  and genetic correlations a p l y  only t o  the material and 

sites studied, the results have often been inconsistent because of 

inadequate s ap l i ng  of genotypes and envirmmwts. So we ewmined 

associations between e c o d c  characters i n  l en t i l  over a wide range of 

both genetic material and envirunments in  W e s t  Asia. The f i r s t  part of 

the study cmceme3 correlations within larqe samples of the world l en t i l  

collection grown i n  two seasons (1370 accessions in  1978/79 and 2293 

aCCsSi0~s in 1979/80), and the s e c d  part covered a mller sample of 

genetic material from the collection (34 diverse acoessions) sown over a 

wider rarge of conditions ccwprising 10 envir0nmsnt.s. 

The results (Table 3.1.9) s h d  similar @Emtypic correlations 

over two seasons, cont ras t iq  in rainfall  (1978/79 total seasonal 

ra infal l  247 nun; 1979/80 total seasonal rainfall  424 m), in  the world 

lentil collection. Similar genetic and phenotypic correlations were also 

sham by the s ~ l l e r  W l e  of germplasn over 10 enviroments (Table 

3.1.10). meseresults indicatethe lw inpartanceof wvariancedue t o  

envirmmwtal and genotyp-envimmrent interaction e f f eds .  

Seed yield w a s  positively correlated with s t r a w  yield, indicating 

selection for either character w i l l  increase the other t r a i t ,  confirming 

previous research a t  ICARDA. 

Seed yield was oorrelated to each of the yield caqmnents - 
positively w i t h  pod nmbr/plant and loo-& weight, and negatively w i t h  

seed mmker/pod. It  is possible to ccwpare s ta t i s t i ca l ly  the efficiency 

of indirect selection for yield via the yield cmpnents.  mt  as 

wnpnent  selection has k e n  m ~ 7 e ~ s f u l  i n  the past - pmbably because 

of yield cmqmnent canpensation - and measuring yield is mch less  time- 

wmmnbq than wunting/measurbq cmpnents ,  selection for  yield 

c a p n e n t s  is mt justified. 



Table 3.1.9. Phenotypic correlations m n q  the characters studied in 1978-79 (upper) with 1370 germplasm 
accessions and 1979-80 (lower) seasons with 2293 germplasm accessions. 

character Straw No. of 100-seed Plant Time to Time to Lowest m e s t  Seed 
yield &/ weight height flower matwity pod index protein 

pod height content 
(ksrn) (9) (an) (dl (dl (an) (%) 

Seed yield (kg@) 

Straw yield 

No. of seeds/@ 

100-seed weight 

Plant height 

Time to flower 

Time to maturity 

Lowest pod height 

Harvest index 

*, ** significant at the 5% and 1% levels, respeaively. 
NA, not available 



Table 3.1.10. Phenotypic (upper) and genotypic (lower) correlation5 for the chars* stuclied on 30 diverse 
randanly seleded lentil lines grawn in a M a 1  of 10 e n v i m t s  in the 1984-85 and 1985-86 
seasolls. 

Cl~aracter Straw No. of 100-seed No. of Plant Time to Time to Harvest Seed Cooking 
yield/ seeds/ weight pals/ heiat f l m i n g  maturity index protein time 
Plant pocl plant content 

Seed yield 0.34** -0.50** 0.32** 0.71** 
0.34 -0.51 0.33 0.73 

Straw yield -0.64** 0.60** 0.05 
-0.67 0.62 0.05 

No. of seeds/@ -0.83** -0.12** -0.53** 
-0.85 -0.11 

1 0 0 4  weight -0.27** 0.59** 
-0.29 

No. of pods/plant 

Time to flcmring 

Time to mturity 

Harvest il-dex 

seed protein content 

*, ** Significant at the 5% and 1% levels, respectively. 



Straw yield was pcsitively correlated with plant size (plant height 

ard 1- pod height) ard with phwolqical ciwelopnent (time to flower 

ard time to maturity). A late switcfl f m  vegetative qrwth to 

~-ep?xciuctive grcwth favors the develqment of a large vegetative cxcpy 

and a high straw yield, and prejudices seed yield develcpmt. Although 

increased height is dgirable for a mdmnized harvest, it is )ouwn that 

excessive height results in ldging. ?he dm-acters of plant size were 

also correlated with thcse of @xnolcqy. 

Exprience with the c~op shews that this correlation is based on a 

transient linkage since it is possible to m i n e  earliness with plant 

size. In contrast, the correlations between the ~~ describing 
plant size, such as between plant height and lowest pod height, and 

between the phenolcgical chamders (time to flower and time to maturity) 

are probably lanqely pleiotmpic in nature. 

?mnq seed-quality dmracters, the correlation between protein 

conterrt and seed yield was smll ard negative, whereas the correlation of 

protein with straw yield was mall but ~ositive. This ~ggests  that the 

current 1- gmls of selection for seed and straw yield will not have 

a major correlated effect on seed protein content. The association 

between seed protein and 1 0 0 4  weight was also weak indicating that 

selection for particular seed-size types will not greatly affect protein 

content. 

Seed size ( 1 0 0 4  weight) was pitively and significantly 

correlated with cooking time (m.96) a s  found earlier at IaRm. wing 

cooking, water is gradually Mibed by the wtyledws and cooking tim is 

the perid w i r e d  for inhibition by the entire cotyledonary volume. If 

the rate of imbibition by the cotyledon is relatively constant over 

genotypes, then since seed size closely refleds cotyledonary volume, the 

relationship between seed size and mking tim may be largely 

pleiotropic. 



Because of the strength of the relationship it is unnecessary to 

screen early generation lentil genotypes for -)ring time, since for all 

pradical plrposes, the -king time is predictable on the basis of seed 

size. 

A. Harmbi, W. Fmkim and P. Gates (=ham IhLiversity, U.K.) 

3.1.1.12. Heritability and oanbining ability of yield, its ooopo~mts 

Md time to flower in lantil 
As there is a paucity of infomtion on the inheritance of econconic 

characters in lentils, we studied the variability generated in a diallel 

cross between eight diverse genotypzs of yield, its cxmpnents and 

earliness in the F, and F2 generations. 

The mean perfomaxes of the eight prents are given in Table 

3.1.11. The results s h d  that general combining ability effects (a) 
were of major iqortance for n m h r  of seeds/pod, 100-seed weight, t h  

to flwing ard straw yield/plant. S e e d  yield/plant and n m h r  of 

pods/plant showed the predcmhmt role of specific combining ability 

effects (SCA) . 

The characters 100-seed weiqht and time to flowering, which had high 

additive ccanponent values, gave high estimates of narrow sense 

heritability. The estimates of heritability for nuonber of &/pod was 

relatively low o w k g  to the high erwi-1 vari- (error 

variances) associated with this trait. By cop.trast, those traits which 

had high non-additive ccanponent values shmed lower estimates of b m d  

ard narrow sense heritabilities than other characters. For example, seed 

yield/plant gave the lowest value of bmd-sense heritability (bZ,,,,=O.O) 

~nong all characters. 

Thus selection between crosses for seed yield/plantwill be futile. 

However, because specific combining ability was a major effect for this 

character, it was affected by non-allelic interaction. It is thus 

possible that estimates of non-additive capnents include a substantial 

proportion of epistatic effects, besides dominanoe effects. 'Iherefore, 

superior F,s are w e d  to throw cut desirable tmnsgressive segregants, 



pmvided that  desirable c a p l m t a r y  geres and epistatic effects are 

coupled in the same direction t o  mimize seed yield. ?here were seven 

such superior cmsses which exhibited u s e N  hetercsis and hi* SCA 

effects. Most of these crosses ~~intained their superiority i n  the F2 

generation. 

There were strong m r r e l a t i m  between GCA effects and pawtal 

means for n-r of seeds/p;d, l o o s e e d  weimt, time to flower and straw 

yield, irdicating that parental means pmvided a good prediction of 

general car33inii-q ability and hence hybrid perfommce. Seed yield/plant 

and n m h r  of pods/plant siwded nonsignificant mrrelation ccefficients 

between general combining ability and pawtal means, wnfinning that 

non-additive effects are of considerable inp?3ance for these traits. 

A. H a t ,  W. Erskine and P. Gates (muham University, U.K.) 

Table 3.1.11. Parental means w i t h  the origins and standiud errors 
together with the ~ 1 ~ o w - s e n s e  heritabili t ies from the F, 
and F, generation of an eight-parent diallel  cross. 

Accession Origin Seed Straw N& 100- Nlrmber T h  t o  
no. yield/ yield/ of seeds/ seed of pod/s flower 
(ILL) plant plant pod weiqht plant (days) 

(9) (9) (9) 
- 

WYPt 
Egypt 
Jordan 
Arqerrtina 
I d i a  
ICARDA 
G r e e c e  
Turkey 



3.1.2. use of ~arnplasmby m 
3.1.2.1. Advances for the Mediterranean 
The ICARDA base prcqram pmvides segregating poprlations and breeding 

l i w  to natio~l pnqnm in North Africa and West Asia for elevations 

belm 1000 m aravrl the Meditenmwm Sea. To date, more use has been 

made of lines than segregating popllations and very few  asses are made 
in the region outside ICAROA. 

Table 3.1.12 lists lentil lines released as dtivars and Table 

3.1.13 gives those lines selected for pre-release nultiplication by NAFss 

and/or in on-farm trials. 

In Syria the lines with redmtylglon 78526013 (ILLl6) and ILL 5883 
are in the final year of large-scale testing prior to possible release. 

On-farm trials are planned to test mP84-147L and mP87-5L in ~ordan, 

and to test FLIP86-22L and FLIP87-56L in Lebanon next season. 

In Iraq the largeseeded line 78826002 is in pre-release 

multiplication. The lentil line ILL 1939 has been offered for 

registration by the South-East AMtolian Fesarch Instimte in Turkey. 

In North Africa two lines (FLIP84-103L and 78S26002) have been 

identified by the national prcqram for pre-release multiplication in 
%is as a supplement to 'Neir' and 'Nefza' already released. In 

Algeria the national pmgram has selected ILL 468 and ILL 1889 for pre- 

release multiplication. In Libya the line 78526002 is in pre-release 

dtiplication. 

Lentils in Mo- suffered less fmn IUS~ than in the previous 

three seasols but a high level from scane other diseases such as stem rot, 
and hoth Botrytis and Ascmhyta blights. ILL 4605 was earlier released 

on the basis of its resistance to rust, but it also has a tolerant 

reaction to Asxxzhyta blight. Three other lines (FLIP86-16L, FLIP 87-19L 

and FLIP87-22L) with resistanoe to rust are now entering their final year 

in the catalape trials, ammg mi& FLIP87-22L has the m t  resistant 



reaction to m y t a  blight .  F'LIP86-15L entered catalcgue trials last 

season on the basis of its y ie ld  and mst resistanoe. 

National Agricultural Research system 

Table 3.1.12. Lenti l  cultivars released by ~ t i o n a l  p-. 

c w  W t i v a r  Y e a r  of Specif ic  features 
 me release 

Algeria Syrie 229 1987 High yield,  good seed quali ty 
Balkan 755 1988 High yield,  good seed quali ty 
IU 4400 1988 High yield,  good seed quali ty 

ArgentiM Arlsolito(1LL 4650~-4349) 1991 High y ie ld ,  tall and ear ly  
A u s t r a l i a  ILL 5750 1989 High yield 
Canada Indianhead (ILL 481) 1989 Green mure 
Chile Centinela (74TA470) 1989 Fust res i s tan t ,  high yield 
China F'LIP 87 -53~  1988 High yield,  ~ h p i  plpvinoe 
EaLador INIAP406 (F'LIP 84-94L) 1987 Fust resistant, hlgh y le ld  
Egypt precoz (ILL 4605) 1950 F O ~  intercmpping i n  sugarcane 
Ethiopia R 186 1980 High y ie ld  

ILL 358 1984 R u s t  res i s tan t .  hi& vie ld  ~ - - ~~ -~ -- 

Jordan Jordan 3 (785 26002) 1990 Hi* yield,  stkdi;lg k i l i t y  
Lebanon Talya 2 (785 26013) 1988 Hi& yield,  standim a b i l i t y  
Momcco &z (ILL 4605) 1990 &t ksiskt, hi& yield - 
Nepal Sikhar (ILL 4402) 1989 High yield 
Pakistan wserha 89 (ILL 4605) 1990 Ascodyta & rust resis tance 
Syria Idleb 1 (785 26002) 1987 High yield,  reduced l o d g i q  
Tunisia N e i r  (ILL 4400) 1986 Iarge seeds, high y ie ld  

Nefza (ILL 4606) 1986 Iarge seeds, high y ie ld  
Turkey F i r a t  '87 (75Kf 36062) 1987 smll seeds, high y ie ld  

Erzunnn '89 (ILL 942) 1990 Spring wing, high y ie ld  
Malazgirt '89 (IU 1384) 1990 Spring sowing, high y ie ld  
Sazak-91 (NEL 854) 1991 Winter sowing, red cotyledon 

U.S.A. Crimson (ILL 784) 1991 Yield in dry areas 



Table. 3.1.U. lentil lines in pre-release mrltiplication o r  on-farm 
testing by NARSS. 

Test region Line 

Mediterranean reaion 
Algeria 
Iraq 
J O m h l  

Syria 
Tunisia 
mkey 

ILL 468, ILL 1889 
78526002 
FLIP84-147L. FLIF87-5L 

78526013, ILL 5883 
FLIP 84-103L, 78526002 
ILL 1939 

Hi& elevation 
Iran ILL 4400, ILL 4605 
Palcistan r n p 8 4 - 4 ~ ,  m p 8 5 - 7 ~  

S. lat i tudes 
WYPt ILL 4605 
Ethiopia m ~ 8 6 - 1 2 ~ ,  ~ ' ~ 1 p 8 6 - 1 6 ~ .  FLIFS~-18~ 
N-1 ILL 2578, ILL 4404 
Pakistan ILL 2573 
Yemen ILL 4605, FLIP84-14L 

MF84-100L, FLIF86-12L, FLIP87-23L. 74TAl9 
ILL 504 

3.1.2.2. Mvancea for southern-latitude region 

'Ihis region ccwprises the sub-continent of India ard Ethiopia where an 

early flowering habit is required w e t h e r  w i t h  resistaxe t o  rust, 

Asccchyta blight ard w i l t .  The inprtance of fol iar  pathcgens wnt ras t s  

with other m j o r  areas of lentil prcduction. 

There are three strorg lentil breeding prcgrams in  Pakistan w i t h  two 

i n  Faisalabad ard the r a i n i n g  program in Isl-d. Over the l a s t  f ive  

years ICARDA has worked closely w i t h  these p r q r r r s  i n  joint  selection as 

the f c a ~ ~  of a thrust to broaden the genetic base of l e n t i l s  in  South 

a 'The National Uniform Lentil Yield R i a l  90/91 of Pakistan 



comprised 10 test entries, of which five entries were selected directly 

from ICARDA international trials ard five entries are local selections 

from ICARDA-supplied m a t h  populations. Reports for the 1-1 

variety release camittee are being prepred by the Pulses Directorate, 

Ayub Agriculture Research Institute for both 86642 (ILL 2573) and 87519, 

a local selection f m  an ICARDA cmss. 

'Ihe mjor prcduction pmblem in Bangladesh addressable through 

breeding is rust. We have been ma)ring ta-geted crosses for Bangladesh of 

rust resistance s~lroes with the l a  fllsceptible cultivar 'L5' in the 

base program at Tel Hadya. Selections have now been mde in Bangladesh 

of adapted rust-resistant plants in the F,qeneration from this mterial. 

rxlring the 1989/90 season ILL 4605 was included in every crossing 

block in India on the basis of its large seed and combined resistanoe to 

rust and Ascxhyta blight. ming the 1990/91 season there were a total 

of 60 test entries in the All-India Ccordinated lentil trials, of which 

12 entries oome from crcsses with ILL 4605 as a parent. 

Nepal grows mre than 100,000 ha of lentil spread between the Terai 

area adjacent to Irdia and the Mid-Hills. The lentil cultivar 'Sikhar' 

(ILL 4402) was released to farmers in Nepal for cultivation in the Terai 

rqion in 1989. 

In Ethiopia F'LIP85-33L (ILL 5871) and FLIP86-38L (ILL 6024) have 

been identified by the National R u q m m  with resistance to both rust and 

m y t a  blight and also q d  seed type and yield. FLIP86-38L was 

previously identified in Pakistan as nultipledisease resistant. 

National llgricultural Research SystaM 

3.1.2.3. Advances for high-altit&e region 

The high-altitude region prkily oonsists of those regions of 

Afghanistan, Iran, Palcistan an3 Wkey where lentil is nomlly grown as 

a spring crop because of the severe winter cold. 'Ihis season at Ankara 

the ~tional prcqram of Turkey has again dmnstrated that winter-sown 

lentil has a higher yield potential than the spring-sown crop providing 



there is sufficient winterhardiness in  the cultivar. In the Lentil 

I r r t e r n a t i o ~ l  Cold Tolerance N w s e q  a t  Ankara the checks were 

susceptible to m l d  and were killed and the lines I= 468, -1918, -465 

and -983 were tolerant and seleded in  descending order of merit. 

The line 1066-1, a single plant selection made a t  Eskisehir from 1% 

854, is a largeseeded, red-cotyledm line that was released for winter 

sowing on the central plateau of 'Illrkey during 1991. 

In Iran the lines ILL 4400 and -4605 are p d s i n g  in the Ardabil 

region. 

The l ines  FLIP84-4L and mP85-7L are in the pre-release stage a t  

the Arid Zone R e s s n h  Institute, Quetta, Pakistan on the basis of their  

cold tolerance and larger seed size than the local cultivar. 

National Agricultural Research Systans 

3.1.2.4. AdMnoes in other areas 

Cultivar 'Crimson' has been released in USA a s  a result  of single plant 

selection of ICAFXA-supplied germplasm (IIL 784). 

Naticaal ngricultural R e a r d I  Systans 

3.2. Application of Biotechnology in lentil nnpmenent 

me genus has r e c ~ t l y  umlergone taxonomic revision of its species 

based on crassability relations and f e r t i l i t y  of hybrids. Merr$ers of the 

genus were grouped into two b io lq i ca l  species: 

1. Lens culinaris cnnprising ssp. culinaris (cult .) ,  ssp. orientalis  

(wild), an3 ssp. donensis (wild). 

2. Lens niuricans cconprising ssp. niuricans (wild), and ssp. emoides 

(wild). 

Hmfever, this grouping did not fully agree w i t h  the results  from 

sane studies examining variation within and between biological species 

based on nmrpholqical t r a i t s  and isozyme markers. Therefore, proper 



taxonanic classification of the species and fllbspecies is still not 

perfectly resolved. 

Pdditionally, we would like to )olcuJ mre of genetic variability 

within the wild subspecies. Breeders h i n g  the variability auld 

better target the exploitation of the respective fllsbspecies. 

We are applying tNA firqeqrinting, using digoxigenin in labeled 

oligonucleotides as pmbg, to detect genetic variability within and 

between the subspecies. 'me results (Fig. 3.2.1) have shown that using 

the enzyme/pr&e dination TaqI/(GATA), the degree of plynorphian 

within the wild aocessions is too him to distinguish between the wild 

subspecies. On the other hard the banding patterns of the cultivated 

subspecies Lens dinaris ssp. culinaris differ from banding patterns of 
all the wild subspecies. More enzyme/probe combinations have to be 

tested to reduce the degree of polymorphism within the subspecies so that 

subspecies typical banding patterns will appear. 

In addition we are trying to overoome the crossability barrier 

between the two subspecies using an wule.pmbryo m e  technique. The 

degree of successful wide crossing is strongly influenoed by the 

genotypes used, but M criteria are currently available to select the 

most promising genotypes from these Nbspecies. 

3.3. Lentil Harvest Mechanization 

3.3.1. on-farm Testing of Lwtil &arvest Mechanization in North-west 

syria 

Lentil harvest is the major prxduction problem in the Meditenanean 

region tecause of the him cost of 1aku.u. System of mechanization have 

been developed to derrease the cs6t of prcdudion of the cxp. 

In Syria the mjor traditio~l pro3uction areas of lentil were in 

Aleppo and Idlib Provinces until the end of the 1980, &en harvest 



L. culinaris L. culinaris L. niiricans 
ssp. ssp. ssp. 
culinaris orien talis nigricans 

Figure 3.2.1. d on-radioactive fingerprinted len t i l .  After digestion 
with TaqI, the restriction fragments were electrophoresed 
in agarose gels. The gels were vacuumb1d;ted onto nylon 
membrances and hybridized t o  a digoxigenin-labelled (cXTA)~ 
probe. Lanes 1-3 represent three accessions of Lens 
d i n a r i s  ssp. culinaris (ILL 6228, ILL 6005 and ILL 
5744), lanes 4-6 represent three accessions of ens 
culinaris ssp. orientalis  (IIWL 315, IIWL 314 and ILWL 
104) and lanes 7-9 reprgent three accessions of 
nimicans ssp. nimicans (ILWL 19, ILWL 305 and ILWl 320).  
W i t i o n s  of mlecular wight markers are indicated, in  
kilobases, a t  the left-hand side for the gel with the ens 
d i n a r i s  ssp. culinaris accessions, a t  the riqht-hand 
side for the dinaris ssp. orientalis  and Lens 
nimicans ssp. nimicans accessions. 



mechanization in the Kameshly area increased the l e n t i l  area dramtical ly  

i n  the northeast of the country. In  KamesNy b u t  80,000 ha of l e n t i l  

were sown i n  1989 and approximately 25% were harvested by swathe-mwer in 

1990. By contrast, there is no l e n t i l  harvest mechanization i n  the 

Alepp and Idlib Provinces. 

A s  part of the mopra t ion  between ICAROA and the General 

Organization of Aqricultural Mechanization (GOAM), Syria, an experiment 

was conduded a t  Sahel el Rouge farm during the 1990-91 season on l e n t i l  

harvest m i z a t i o n  t o  compare harvest ~ t h c d s  cmmonly used in 

Kameshly Province under the conditions of North-West Syria. 

lbree hedares  of lentil, s p l i t  between the cult ivars Hurani 1 and 

Idlib 1, were sown in November, 1990 following the m g e m e n t  practices 

-ed t o  f-rs in the Kuwshly area. A m i s o n  was made of 

the result of hamest by three methcds: (i) hard harvest, (ii) swathe- 

mower, and (iii) combine harvester. Measmts of yield potential,  and 

both losses and yields from hand and machine harvest were made. 

The t o t a l  season31 ra infa l l  w a s  about 450 nun and crop growth was 

good. The average plant height of the local cult ivar H w i  1 w a s  54.6 

on. Overall, the m yield of seed was 1561 kg/ha and tha t  of straw 

5912 kg- (Tables 3.3.1 and 3.3.2) . Idlib 1 outyielded H m i  1 in seed 

yield but not i n  straw yield. ?he high values of the standard errors 

ref lec t  the hetercyeneity not only in crop growth over the experimental 

area but a lso  the  variation i n  the p e r f o m  of the hamest equipnmt. 

Losses from the s w a t h e - m r  averaged 25.1% for  seed and 40.2% for  

straw. The seed lasses were particularly high. Last yesr we measured 

seed yield losses on fanners' f ie lds  in the Kmeshly area, where the 

average loss of seed on the bare gmund was 4.7 + 0.97%, but the range i n  

losses m n g  f i e lds  was from 0 t o  22%. lhis year the crop was swathed a t  

an overripe stage indicating the sensit ivi ty of harvesting by swathe- 

mer t o  the stage of crop maturity. 



Table 3.3.1.  Seed yield and lasses fm hand and madrine ha rves t  of 
lent i l  a t  Sahel  el  Fmqe 1991. Values i n  parentheses are 
stacdard mrs. 

Methcd Character Overall Hurani 1 Idlib 1 

Hard Y i e l d  (kg/ha) 1561 (37) 1460 (35) 1762 (63) 
Swathe-IK%Er Y i e l d  (kg/ha) 1168 (182) 1033 1439 
Swathe-- Lasses (%) 25.1 29.2 14.2 
Ccknbine Yield (kg/ha) 1276 (220) 1088 1654 
Combine Lasses (%) 26.6 31.7 18.8 

Table 3.3.2. Straw y i e l d  and losses from hand and machine harvest of 
lentil  a t  Sahel el Ihouge 1991. Values i n  parentheses are 
standard errors. 

Elethcd Character Overal l  Wani 1 Idlib 1 

Hard Yield (kg/ha) 5912 (178) 6040 (261) 5658 (174) 
Swathe-mmr Yield (%/ha) 3521 (229) 3365 3833 
%the-mower Lnsses (%) 40.4 44.3 28.9 
rrrmbine mses (%) 100 100 100 

Seed 1- f m  the d i n e  harvester averaged 26.6%. A l l  s t r a w  was 

considad lost f m  the combine harvester. last year  i n  E(ameshly the 

average seed loss measured f m  the d i n e  harvester mrking on f m r s '  

fields w a s  similar a t  20.9 + 5.25%. 

w. Erskine and the censral organization of rqricultural nechanization, 

Syria 

3.3.2. in Lentil 8s Affected by Plant Population, Soil Moisture 

and -type 
Losses in lent i l  from machine harvest increase w i t h  lodging, hence 

standing a b i l i t y  is a desirable dmmcter in lentil. A s  aqrunomic 



management is an inprtant factor in lentil mechvlization systems, we 

conducted an experiment to investigate the effects of levels of soil 

misture (rainfed, 50 n m ~  supplementary irrigation amlied once and 

applied twice) and plant population (200 and 400 on the lodging 

and on the asscciated losses f m  a mechanical harvest of two genotypes 

contrasting in standing ability (Im 8 and 4401) in two seasons at Tel 
Hadya, N. Syria. In a second expriment character association with 

lodging was investigated over 30 lentil gerwtypes in bth seasons. 

The study sh& that high levels of'plant population or soil 

misture reduced standing ability in lentil (Figure 3.3.1) . Hmever, the 
mechanisms, by which each factor mediates its effect, differ. An 

increase in plant population reduced stem diameter, which results in mre 

l d g d  plants. In contrast, misture effects on stem diameter were 

negligible. High soil misture led in this eqeriment to high biolcgical 

yield resulting in a high ratio of shoot weight to basal stem area, a 

P1 2 P2 2 
200 Pllm 400 Pllm 

Figure 3.3.1. mans. and standard errors (arrows) averaged over genotypes 
for lodging wore in lentil as affected by soil mcsiture 
(MI-M3) and plant population (PI-=) levels in two 
seasons. 



situation that predisposed plants to lodging. High soil moisture due to 

late rain or supplemtary irrigation m y  loosen the anchorage of plants 

and hexe contribute to increased lodging. Machine harvest lcsses in 

biological yield, ccanpared with hand harvest, increased from 12% under 

rainfed conditions to 24% at the highest level of soil moisture. 

The superiority of genotype ILL 8 over I U  4401 in standing ability 

was due to the higher biological yield at which the crop was predisposed 

to lodging. At higher levels of biological yield a rule of thumb was 

derived whereby a twe'ccnne increase in biological yield led to a one 

pint hxease in lodging score. Data from three different sites in the 

1984/85 seKon amfirm the generality of the rule of thumb. 

It has teen suggested that stein diameter be used in single plant 

selection for standing ability, because of its strorq correlation with 

lodging score. In this study the association of lodging score was 

significant at F -0.21, but too low for use in selection. As the 

associaticm of stem diameter with standing ability is a-ly not 

always strong, it appearr more practicable to use suFplementay 

irrigation as a tool to artificially induce lodging to screen breeding 

material in very dry years: with the caveat that excessive soil moisture 
levels are to be avoided in order to retain differences between lines, 
which disappar at very high levels of soil moisture. 

H. Ibrahim, W. Erskine, G. Hanti, A. Fares (University of Aleppo) 

3.4. lentil Biolcgical Nitrogen Fixation 

3.4.1.  S t r a i n  Evaluation for Inproved 5 Fiwtion in Cumercial -ti1 

CUltivars 

W i n g  several years of field trials at Tel Hadya measurments of 

lentil yield and N2 fixation response to inoculation with a standard set 

of selected strains revealed that 10-15% crop and N yield increases could 

be obtained urder conditicas of adequate rainfall, but inoculation 

consistently failed to increase the proportion of N derived from 

fixation. No strain-cultivar interactions have teen observed. 



Following a largescale greenhouse screen* effort of ca. 250 newly 

collected and existing lentil rhizobia isolates for symbiotic 

effectiveness, four highly effective new strains of different origins 

were selected for field evaluation on four diverse m r c i a l  cultivars. 

Of the four strains, strains 739 from Syria and 760 from Furtugal 

prcduced significant yield responses in the cultivars (Table 3.4.1) . 
Average yield increases across cultivars were 21 and 18% (biolqical) and 

42 and 37% (seed) for strains 739 and 760, respectively. It is 

interesting to note that increases from the mixed-strain M a n t s  were 

less than those obtained f m  irajividual strains (Table 3.4.1). 

Ppplication of fertilizer N significantly i n c d  biolqical yields, 

but not seed yields. m e  ooefficient of variation for seed yield was 

very high wing to late Orobanche infestation. 

Table 3.4.1. Yield effects of M a t i o n  with 2 strains in individual 
and mixed culture on four lentil cultivars in the field, 
Tel Hadya, 1990-91. 

Biolqical yield Seed yield 
cultivar Treatment (kg/ha) (kg/ha) 

ILL 8 uninoc 
LE-739 

120 kg N/ha 
ILL 16 Uninoc 

LE-739 

120 kg N / h a  
ILL 4605 Uninoc 

LE-739 
LE-760 
7391760 
120 kg N / h a  

ILL 5700 Uninoc 
LE-739 
LE-760 
739+760 
120 kg N/ha 

* indicates significant difference (KO. 05) from unindated treatroent. 



These results indicate a potentially i n p r t a n t  role for lentil 

inoculation with the selected Rhizcbium strains. A wider evaluation of 

the aqetitiveness and effectivenw of these strains in soils of FQ@, 

Syria and misia is underway. 

D. Beck and W. Elslcine 

3.5. Lentil Physiology 

Identifying lentil genotypes which are better adapted to a range of soil 

moisture envirammts is an hprtant objective of lentil inp,mement 

work at ICARW. Some pdsing genotypes were studied to identify 

combined dmL@t resresistanCe and higher respmiveness to increasing 

available soil moisture supply. .%cot and root traits of these genotypes 

were also chnzicterized and correlated with the seed yield to identify 

traits association, if any, with the mnbhxl drought resistance and 

reqmnsiveness to increased moisture supply. Since terminal drought an3 

heat stress always cocw together in field conditions, effects of these 

two factors were studied in factorial dinations of genotypes (G), 

supplemental irrigation levels (IL), and temperatures (T, hpza3 by 

placing plastic covers over the canopies) t r e a h t s  in a field 

eqeriment. 

3.5.1. Response of Genotypes to Varying mil misture supply 
This expsrimmt was similar to the one axduct& last year at Breda 

(pages 156-158, FLIP Annual R e p r t  1990), but with 12 different 

genotypes. Sowing was done on 28-11-1991 and a postsowing irrigation 

was applied on 19-1-1991. hreqeme cawred on 25-1-1991. A gradient 

of soil moisture IL was created on 6 dates by a line-som sprirJcler 

irrigation ~thcd. 'Ibe extremes of IL were 241 nun (rainfed) and 376 nun 

(most W l l - w a ~  treatment). 

Rainfall at Breda was 241 nun this year cmpxed with 185 nun during 

1989/90, but was lower by 12% caopared with 274 nun, the long-term site 

mean. Effects of G, IL and G x IL were all significant in seed yield 

(SY) and total biological yield (TBY) . 



Resp175e to irrigation, both in SY and TSY, were large and 

significant with weq increasing level of moisture supply (Table 3.5.1) . 

Between the rainfed ard the most we1l-water-d treatments SY and TBY were 

bath more than doubled. TRis signified a lass of mre than 50% d w  to 

dra@It. Effects of irrigation on harvest irdex were small and non- 

significant (Table 3.5.1) . In the 1988/89 season the SY (14-74 kg/ha) 

and harvest indices (0.05 to 0.14) were drastically reduced at the drier 

end of the line- because of the were drought conditions that 

prevailed (Table 3.5.1, FLIP Annual R e p r t  1989/90). 

Table 3.5.1. Effect of total seasonal moisture supply (rainfall and 
supplem~tary irirqation)on the mean seed yield (SY) and 
total biolcgical yield ('PBY) of 12 diverse lentil 
genotypes, Breda, 1990/91. 

Total seaso~l Seed yield Total biological Harvest 
moisture (nun) (W/ha) yield (&/ha) irdex 

S.E. (k) 68.8 75.3 0.01 
I S D  (R0.05) 197.3 208.6 0.04 
cV (%) 20.8 16.3 24.4 
F test * * NS 

* Significant at P = <0.05. 

A linear rsqmnse to irrigation was m e d  bth in SY am3 TBY 

across the 12 lentil genotypes studied (Fig. 3.5.1) . Linear regression 

estimates of interoepts am3 slapes for the 12 qermtyps are given in 

Table 3.5.2. A high interoept is indicative of a gccd perfomam% under 

dra@It conditions ard a him slape of greater respnsivenw to 

increased moisture supply. A cl- wrrelation between the intercepts 



and slapes both for SY and TEY (Fig. 3.5.2) for the few genotypes 

studied, suggests that it may he difficult to find lentil genotypes that 

would cmnbine both best dnxght resistan= (ILL 6437 and ILL 6442) and 

the largest resporrse to irrigation (ILt 6773 ard ILL 6790) (Table 3.5.2). 

Genotypes that would mine these traits (ILL 6451 ard ILL 6207) would 

be average in perfornme in both the emrironments and not necessarily 
the top yielders in any of the two extreme envimmmts. 

3.5.2. Characterization of Genotypes 

The 12 lentil genotypes studied for responsiveness to varying seasonal 

misture supply and 15 others were planted on 15 rec 1991 in a RBD with 

4 replications. mrqence was not uniform and therefore a post-sowing 

irrigation was applied on 13  an 1991. Dates of eueqence ranged from 17 

to 27 Jan 1991. Genotypes were characterized for morphological, grayth, 

and yield attributes (Tables 3.5.3 and 3.5.4) . These attributes were 

then wrrelated with SY, TBY, and HI (Table 3.5.5). 

Yield (tlha) 
5.0 , - 1 

0.0 -I d 
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Seasonal moisture supply (mm) 
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Figure 3.5.1. Relationship between seasonal moisture supply arsl response 
in SY and TBY (mean of 12 genotypes) BE&, 1990/91. 
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Figure 3.5.2. Relationshit, of the slwe and intercept of the resression 
between s & s o ~ l  mist- supply and s e s ~  and to ta l  
biological yields of different l e n t i l  genotypes. 

Table 3.5.2. LLDear =-ion estlmates of intercept?, sl-, S M  ('1, ard F? 
(adjuzsd for d.f.1 of total s.ssaml sail miN- -1y (m) with seed 
a d  toral biolcgivil yield of 12 lentil g-. Brsda. 1990/91. 

Seed yield ikq/hal 'mtal biolmical yield 
InterceDt Slow I n t e x z o t  S l w  

~enotyfe mimate SE Estirate SE (t) d mirate SE (t) mirate SE (t) R' 

ILL 6192 - 715 3M.1 6.8 0.99 0.90 - 4 5 1  1399.6 13.1 4.55 0.59 



Table 3.5.3. Genotypic diff- in gnwth vigor on 13 Elarch (VIG 
13.3) and 21 April (VIG AND 21.4), % gram.3 cover on these 
dates (GC 13.3 and 21.4) and seeds per pod (Nsm) in 26 
qenotypes of lentil, T e l  Hadya, 1990/91. 

-ncwP VIG13.3 VIG21.4 GC13.3 GC21.4 NSFO 

ILL 6192 2.25 2.00 48.75 78.75 1.17 
ILL 6206 2.38 2.13 50.00 78.75 1.18 
ILL 6207 2.88 2.50 35.00 67.50 1.02 
ILL 6247 2.25 2.00 50.00 80.00 1.12 
ILL 6434 3.38 3.13 31.25 66.25 1.46 
ILL 6435 2.38 1.50 45.00 76.25 1.09 
ILL 6437 2.25 2.08 47.50 81.25 1.02 
ILL 6442 2.75 2.63 40.00 71.25 1.07 
ILL 6448 2.50 2.45 42.50 75.00 1.23 
ILL 6451 2.75 2.50 36.25 73.75 1.23 
ILL 6456 3.63 3.30 28.75 63.75 1.19 
ILL 6458 2.63 2.25 32.50 71.25 1.19 
ILL 6773 3.00 2.75 37.50 70.00 1.18 
ILL 6778 2.63 2.38 33.75 71.25 1.44 
ILL 6783 2.48 2.08 40.00 77.50 1.24 
ILL 6784 3.25 3.13 31.25 63.75 1.20 
ILL 6790 2.83 2.53 38.75 70.00 1.14 
ILL 6810 2.38 2.08 42.50 77.50 1.41 
ILL 6811 2.88 2.50 33.75 71.25 1.33 
ILL 5782 3.00 2.50 46.25 78.75 1.23 
ILL 5604 2.63 2.13 37.50 75.00 1.33 
ILL 4605 2.45 2.20 40.00 77.50 1.30 
ILL 5582 2.70 2.23 36.25 77.50 1.24 
ILL 4349 2.38 2.00 45.00 80.00 1.04 
ILL 4400 3.25 2.88 35.00 71.25 1.13 
ILL 4401 3.35 2.95 32.50 65.00 1.43 

G- mean 2.64 2.32 37.69 70.74 1.17 
S.E. of mean 0.13 0.15 1.70 1.69 3.08 
LSD at 5% 0.36 0.43 4.79 4.76 0.23 
C.V. (%) 9.61 13.08 9.03 4.78 13.87 

F value 26.34 16.79 32.61 79.45 10.66 
Signif icam *** *** *** *** *** 



Table  3.5.4. Clustering of genotypes using Scott-mot m e t h c d  for  growth 
vigor, gmurd oovex, ard &/pod in 26 lentil g e i ~ m ,  
T e l  Hadya, 1990/91. 

clusters for the variable, Vigor 52 DAg 

Gmup 1: 
ILL 6456, 6434, 4401, 4400, 6784 

G m p  2: 
ILL 6773, 5782, 6207, 6811 

Group 4 : 
ILL 6448, 6783, 4605, 6435, 6810, 4349, 6206, 6437, 6192, 6247 

Group 5: 
ILL 6432 

C l u s t a r s  for the variable, Vigor 91 DAE 

Group 1: 
ILL 6456, 6434, 6784, 4401, 4400 

Gmup 2: 
ILL 6773, 6442, 6790, ILL 6207, 6451, 5782, 6811, 6448 

ILL '6778, 6458, 5582, 4605, 5604, 6206, 6437, 6783, 6810, 4349, 
6192, 6247, 6435 

Group 4: 
ILL 6432 

C l u s t e r s  for the variable, % grmmd cover 52 LP+E 

Group 1: 
ILL 6247, 6206, 6192, 6437 

Gmup 2: 
ILL 5782, 4349, 6435, 6810, 6448 

Group 3: 
IU 6442, 6783, 4605, 6790, 5604, 6773, 6451, 5582 

Group 4: 
ILL 6207, 4400, 6811, 6778, 4401, 6458, 6434, 6784, 6456 

Group 5: 
ILL 6432 



clu8tBLS for the variable, % grumd ewer 91 !XJ 

ILL 6437, 4349, 6247, 6206, 6192, 5782, 6783, 6810, 5582, 4605, 6435, 
5604, 6448, 6451 

Group 2: 
ILL 6442, 6458, 6811, 4400, 6778, 6773, 6790 

Group 3: 
ILL 6207, 6434, 4401, 6784, 6456 

Group 4: 
ILL 6432 

Clusters for the variable, mmaer of &/pad 

Group 1: 
ILL 6434, 6778, 4401, 6810, 5604, 6811, 4605 

Group 2: 
IIL 5582, 6783, 6448, 6451, 5782, 6784, 6456, 6458, 6773, 6206, 6192, 

6790, 4400, 6247, 6435, 6442, 4349, 6437, 6207 

Group 3: 
ILL 6432 

Although correlation coefficients of various traits were highly 

significant with SY, none of the irdivictual factors accounted for more 

than 40% variation in SY, TBY, and HI. 'Ihe highest correlations were with 

percent gmund aver at 19 ME and &/pod (Table 3.5.5) . Genotypic 
differences for % grourd cover ranged fm 63 to 80%, and for seeds/pod 

from 1.0 to 1.5 (Table 3.5.3). Vigor explained a relatively swiller 

pqmrtion of variation ompard with the above two traits. Further 

characterization of with more n&r of &/pod, for 

differenoes in early vigor .xd ground cwer, are likely to be useful. 

3.5.3. Genotypic -atLon for W t  Tra i t s  

Lentil genotypes w e e  characterized for root and shoot traits under non- 

limiting caditicns of soil moisture. 'Ihirteen genotypes were grown in 

long plastic bags of 1-m length filled with the Calcic Rhcdoxeralf 



Table 3.5.5. Ccefficient of wrre la t ion of v a r i m  grmth traits ard 
yield cmpnents  of rainfed lentil a t  Tel Hadya, 1990/91 
(based on 26 gencrtypes and 4 replications, 1 ~ 1 0 8 ) .  

character (mean value) SY T B Y  HI 

vigc~v' on 52 d ( 2 . 6 )  
vig& on 91 DAE (2.3) 
% ground cover on 52 DAE (37.9) 
% ground cover on 91 DAE (70.7) 
Prhaw branch n h r  (1.8) 
shoot Weight q/pl 52 DAE (0.08) 

69 DAE (0.31) 
91 DAE (1.22) 

Seed mmber/pod (1.17) 
loo seed wei@t q (3.56) 

1 = rated on a 1-5 scale: 1 = least vigorous, 5 = n ~ ~ t  ~~~~~. 
DAE = days af ter  emrgence (mean date of emervenoe 20 Jan). 

topsoil collected f m  the field.  The treatments were replicated 4 

t k .  Pericdic samples were taken, beginnirq iron 10 days after 

emergenoe (DAE) u n t i l  the floderirq time. -ts wese mde a t  each 

sampling time fo r  & length, rmt volume, rout weight, shoot length, 

and shoot weight. Rcat/shoot ratios were conputed for  each of the 

sampling stage. 

Genotypic differences in a l l  the rat ard shcct traits except for  

the root/shoot r a t ios  w e r e  significant a t  rrast of the grmth stages. 

Roats of ILL 5582, -5604, and -6004 w e r e  longer than those of the other 

genotypes (Table 3.5.6) . The root and shoot lengths w e r e  closely 

wrre la ted  ( r  values ranging form 0.6 to 0.7, ~ 3 9 ) .  W e  plan t o  stusly 

the genotypes w i t h  longer rout length for  water extraction pattern and 

re la t ive  drcuqht tole- in future studies. 



Table 3.5.6.  oat lerqth per plant (on) . 

Date of Observation 
-?OQJI= 11/3 18/3 25/3 1/4 8/4 14/4 22/4 

IEdn 17.74 22.94 26.34 30.30 34.17 39.18 46.48 
S . E . 0 f m  2.04 2.84 2.51 5.22 3.54 4.58 6.34 
I S D  at 5% 5.94 8.28 7.32 15.23 10.34 13.36 18.51 
C.V. 19.88 21.42 16.50 29.82 17.96 20.23 23.64 

F value 12.60 3.82 3.54 1.35 3.59 3.11 2.39 

3.5.4. -typic Differences in Heat Tolenvlce and Interaction with 

Irrigation 

This expe?=iment was conducted at Tel  Hadya in a split-plot design with 

three factors: irrigation levels (IL, rainfed and supplewtary 

irrigated), gencrtypg (G, four), and heat stress (T, two levels) in three 
replications. Planting was done on 10 Dec 1990 ard eneqence occurred on 
17 Jan 1991. A uniform (30 m )  post-sowing irrigation was applied on 

2/1/1991 to ensure proper plant stand establishment. The irrigated 

treatmnt received 250 mn irrigation water + 290 m rainfall. 

A large reduction in seed yield due to heat stress was &served 
(Table 3.5.7) . Yield loss due to heat stress was similar in mgnitude to 



the yield lass due to e t .  Genotypic differences in SY q n s e  to 

heat stress were significant. ILL 4400 was the m t  susceptible gemtype 

and ILL 4401 the most tolerant. 

Effect of heat stress on TBY was equally large and significant but 

the effect on HI was not (Table 3.5.7). It was because the dexease in 

SY and TBY cccwzd in similar pmportion in reqmnse to heat stress. 

Table 3.5.7.  Effect of heat stress ard  irrigation in four lentil 
genotypes on seed yield (SY) , total biolqical yield (TBY) 
ard harvest k l e ~  (HI), Tel Hadya, 1990/91. 

Treatrmt 
Paraneter control Heat stress SEN (t) 
SY 1405 614 45.7 
TBY 5596 2680 67.5 

Irriqated Rainfed 
SY 1298 721 35.2 
TBY 4162 4114 NS 

SY Control (C) 1964 847 57. 7a 
H. stress (H) 631 595 49.sb 

TBY Control (c) 5938 5253 167. la 
H.  tress (H) 2386 2974 216.2~ 

HI Control (c) 0.33 0.16 0. 008~ 
H. stress (H) 0.26 0.20 0.009 

ILL 5582 ILL 4400 ILL 4401 ILL 5604 SEM (?) 
SY C 1813 1003 1422 1384 100.08 

H 598 456 974 524 102.sb 
Mean 1205 729 1148 954 72.7 

TBY C 5880 5711 5661 5130 317.8" 
H 2617 2731 2870 2 602 358. 6b 

Mean 0.27 0.17 0.28 0.23 0.010 

a = for comparing mans with different levels of heat stress 
treatment. 

b = for comparing mans with sam level of heat stress treatrent. 



PepxBe to moisture supply was masked in the heat stress treatment, 

othemise it was large in the control treatment. 

N.C. Saxena and N.P. Saxena 

3.6. Lentil WtcmOlogY 

The effect of damage by S i t o ~  crinitus on lentil yield ard nitrogen 

fixation was further studied and also related to different moisture 

supply levels. For storage insezt pests methcds of protection were 

studied in the field and the store. 

3.6.1. Effect of 8. crinitus on -ti1 

This season experiments on sitona darmge ard control were c o m h z t d  at 

Tel Hadya, Jinderess and two on-fann locations, Alkamiye an3 Afrin. 

Wing the past seasons no response to SitOna control has been f o d  at 

the drier locations, therefore these were no longer included. At Tel 

Hadya and Jinderess 2 dosages of CarboEuran (10 and 20 kg/ha 5% G) and 2 

dosages of promet (12 an3 25 m l / ~  seed) were tested. technique was 

used to quantify nitrogen fixation. At Tel Hadya with 293 nun rainfall 

the lower treatment level of Pmmet increased lentil seed and biological 

yield, the higher dosage only biological yield significantly, indicating 

that the lower dosage is effective (Fig. 3.6.1) . Carbofuran treatments 
increased lentil yield, but not significantly. At Jinderess, with 418 nun 

rainfall, yields were ccmparatively low this season. cartofuran was 

fmcd more effective than Prcanet trea-, increasing seed and 

biological yield significantly at both treatment levels. 

At Jinderess plant samples were taken once in April shortly 

before hamest and analysed for nitrogen content, which did not show 

significant differences due to treatments, although the d u l e  damage was 

78.9% ard significantly reduoed by all insecticide treatments (Table 

3.6.1). The nitrqen yields, hodever, were significantly higher with 

CartmLiUan ard promet treatmmts. 
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Figure 3.6.1. E f f e d  of application of cartofuran and Promet on lentil 
seed and biolcgical yield at Jinderess and Tel H a d y a , 
1990/91. 



Table 3.6.1. Effect of earbDfuran (10 kg/ha 5% G, C 10) and Promet (12 
ml/kg seed, P 12) treatrent on lentil percent n it r o g e n 
content, seed yields, total biolcgical yields, and n i m  
yield and nodule damage by a t  3 locations in Syria, 
1990/91. 

Iocation T r e a M  %N %N lentil yield N yield % naiule 
25/4 8/5 (kg/ha) (kg/ha) damage 

Seed 'Ibtal 23/4 

Jinderess Check 2.78 2.42 1410 3110 74.7 78.9 
C 10 2.62 2.38 1662 3717 88.4 1.9 
P 12 2.83 2.45 1518 3326 81.6 0.3 

S.E.M. 
ISD 5% 

Mrin Check 3.16 2.45 1070 3339 81.6 76.2 
C 10 3.55 2.45 1397 4658 114.0 25.5 
P 12 3.41 2.43 1426 4401 107.0 9.9 

S.E.M. 
ISD 5% 

-ye Check 2.38 2.35 532 1694 40.0 66.5 
C 10 2.82 2.38 729 2392 57.3 10.7 
P 12 2.85 2.55 685 2132 54.4 6.2 

S.E.M. 
LSD 5% 

A t  the two on-farm sites only the lower dosages of Carkofuran and 

E'rcmztweretested. The so i l  a t  AlkamiyehadapHof 7.8, Olsen Patou t  

9.5 ppm and total ni-en content of about 900 ppn. A t  Afrin the 

respdcive values were pH 8.0, O l s e n  P > 7 m, total nitmgen content 

h t  800 0. The nitrcqen analysis of plant samples taken in April 

shm& hiqher nitrogen content in Cartofuran and Pmmet treatnwts a t  

both locations (Table 3.6.1) . Especially a t  Alkamiye very clear 

differences hetween the untreated and treated plots were visible w i t h  the 

untreated plots and borders shwing typical nitrcqen deficiency symptahs. 

A t  the time of hamest the plant nitrogen contents i n  general were lower 



than at earlier stage of gmxth. Only at Alkamiye a -11 difference 

between treatments was found. At Afrin lentil seed yields and biological 

yields as well as nitrogen yields were significantly increased ard nodule 

damage significantly decreased by both Cartofuran and Prmnet treatment. 

At Alkamiye yields in general w3-e low. Cartofuran and Promet increase3 

seed, biological and nitrcgen yield but differences were not significant 

except due to Cartofuran in total biological yields. 

The feeding damage of the S&QLB adults was assessed twice (end of 

January and Febnmq) using the visual damage soore (VDS 1-9). Promet 

effectively su~pressed feeding at all locatiors, whereas in the 

carlJofuran treabt s c m  feeding occurred, especially at Afrin (Fig. 

3.6.2). ~t Tel Hadya feeding was very low this season. 

mipition of S.  crinitus was uanitored by counting the n&r of 

eggs extracted f m  100 cc soil samples taken at 2- intenmls. 

C o q a r d  with last season oviposition started later an3 was lower. At 

VDS 

Figure 3.6.2. Effect of Czxbfuran (10 &/ha 5% G) and Promet (12 d / k g  
seed) treatment on feedkg h g e  in 1 e n t i 1 
measured by visual damage score on 2 dates at 4 locations 
in northern SFia, 1990/91. 



Tel Haciya and A l W y e  oviposition only began in  l a t e  and mid-January, 

whereas a t  Jinderw ard Afrin eggs were already la id  i n  the beginning of 

January (Fig. 3.6.3). ?his can be related t o  the loser rainfal l  during 

mc3ker/Jarntary a t  T k l  Hadya ard Alkamiye. Since the eggs need high 

soil moisture for developwlt it can be suspected that so i l  moisture is 

me f a d o r  inducing ovips i t ion  to ensure noma1 egg develqment. Pmnet 

treatrent greatly reduced the nunker of eggs a t  a l l  locations. 

Carfiofuran was not as effective, particularly a t  Afrin, hhere nmkerz 

were even higher than i n  the check. 

Tel Hadya Jinderess 

No. of Sitona eggs No. of Sitona eggs 
s O r - ~  5 0 r ~  
40 - Treatments 

-- Carbofuran 10 kgfha 
30 ~ . ~ . ~  Promet 12 mllkg 

2 0 ~  - Check 

Alkamiye Afrin 

Jan 
Dates Dates 

Figure 3.6.3. Mean nunber of c r i n i t x  eggs extracted f m  100-cc 
so i l  samples w i t h  and without M a f u r a n  O r  Pmnet 
treatment a t  4 lccations, Syria, 1990/91. 



?he rean ride damage at 4 sampling dates over a 6-we& perid is 

presented in Fig. 3.6.4. ~t Tel mdya and Alkamiye virtually no nodule 

damage was present at the first sarrpling date in mid March, wherea5 at 

Jird- and Mrin already ahxt 40 $ damage was noted. At all 

locations the hiqhest nodule damqe was recorded in mid-April wfiich was 

almost 1 month later than last season. Promt a d  cartofuran 

significantly reduced nodule damage at all dates and locations. 

Tel Hadya Jinderess 

% Nodule damage 

lO0l 
% Nodule damage 

100, 

Treatments 
80 ~ -- Carbofuran 10 kglha 

60 ~ 

- - Pmmet 12 mllkg 

I S.K. 

20 ,  

Alkamiye Afrin 

' O 0 1  

Dates Dates 

Figure 3.6.4. ~ f f e c t  of cartofuran and h-canet application on Sitona 
damage to &es in lentil at 4 locations, Syria, 
1990/91. 



As in the previous yeax regression studies w n f i n e d  that low 

feeding damage is associated w i t h  lm wipasit ion which in turn results 

i n  lower ncdule m e .  The rnrmber of eqgs laid/100 oc so i l  (y,) a t  the 
pak inthe &of  Febmatywas related t o t h e v i s u a l  damage swre inthe 

erd of Jan- ( 5 )  i n  a quadratic fashion described by the equation 

y,=12.823-0.6438383~-9.81 w i t h  a n d t i p l e  mrrelation coefficient of 0.73 

(RO.01) (Fig. 3.6.5). The pxmhge of w e d  nodules (y2) in mid- 

April w a s  related to the rnrmber of eggs (%) at  the peak in late Febmaq, 

aqah in a quadratic pattern described by the equation y2=5.281884%- 

0.092166%~-12.14 w i t h  a multiple correlation of 0.87 (Pc0.01). The 

direct  r e l a t i h i p  bebeen visual damage swre (x,) and ndule damage 

(y,) was Wealcer but exponerrtial and could be described by the equation 

y,=5.30-0.81934~,+3. 085118q2 w i t h  a multiple correlation ooefficient of 

0.64 (R0.01). Ihe curves tended to be very similar last  seam.  

S. Weigand 

3.6.2. Effect of 8itcaul Contml at various Levels of Moisture Supply 

Fast studies have sham that  the nodule damage in  l en t i l  by SitOM varies 

with the seasonal rainfall  and therefore the efficacy of insecticide 

treatments also varies. To quantify these relationships an experiment 

was wnduded a t  Breda evaluatirq the efficacy of SitoM wntro l  with 

-furan and Prcwet a t  various levels of moisture supply using the l ine  

s a r e  sprinkler system. The mois ture  levels evaluated were 122, 107, 57 

and 0 m -1emerrtal irrigation in addition t o  244 nun rainfall .  The 

-que was used to quantify n i t r yen  fixation. Plant samples were 

taken in April and May for  nitrogen analysis. 

In general differences in  seed and biological yield between Sitona 
wntro l  trea+i?ents a t  the same moisture lwel were not large (Table 

3.6.2). A t  the highest moi s tu re  lwel yields w e r e  hiqhest in the 

untreated check, but a t  the lower moi s tu re  levels both G%bfuran and 

P m t  treatments resulted in -11, but nonsignificant inrreaEas of seed 

a d  biological yield. me ncdule dYMge %as significantly reduced by 

both treatmmts a t  a l l  moisture levels. Tne plant nitmgen content 

s h d  differences due to treatments a t  hoth sampling dates. In May the 
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Figure 3.6.5. Relationship ktwezm visual damage score ard n&r 
of eggs per 100 cc soil q l e ,  nlrmber of eggs and percent 
nodule damage, visual damqe score and p5zrent nodule 
darage in l en t i l  based on otservations a t  4 locations in 
1990/91. 



Table 3.6.2. Effect of 4 misture q l y  levels, Cairnfuran (10 kg/ha 5% 
G, C 10) and Rnwt (12 ml/kg seed, P 12) treabsnt on 
lentil percMt N cnntent, seed, total and nitmgen yield 
and nodule damage by S i t o ~  a t  Breda, 1990/91. 

Moisture %brat %N 
level* 25/4 

Check 
C 10 

S.E.M. 
I S D  5% 

Check 
C 10 
P 12 

S.E.M. 
LSD 5% 

S.E.M. 
LSD 5% 

S.E.M. 
LSD 5% 

Lentil yield N yield % ncdule 
(wA=) (kg/ha) (damage) 

SeedTotal 25/4 

STD between 2 misture level means 
for the same or different levels 
of Sitona CaltXOl 189.3 341.4 5.7 
LSD (5%) 381.4 692.9 12.2 

* Moisture levels were  244 m rainfall plus 122, 107, 57 ard 0 m 
irrigation. 



percent nitrcqen was significantly higher in plants with Qrl?ofuran or 

Pmoet treatment except for the lcwest moisture level. Carbfuran and 

hornet increased the nitrcgen yield over untreated control at misture 

levels of 351, 301 and 244 nun, but differ- were not significant. 

Although difference5 between moisture treatments were not great this 

season, which was partly owing to late rainfall decreasing the 

differences between moisture supply levels, some teralency could be seen 

that at the highest as well as the larest misture supply level &X%? 

control only has little effect on lentil yield. 

s. Weigand and M.C. saxena 

3.6.3. Storage Insect Pests 

3.6.3.1. Oontrol of Bruchus wi 

Different insecticides were tested in a famer's field (Termanin, western 

Aleppo) for their effectiveness to mntrol Bruchus emi, the inp* 

storage pest of lentil infesting the developing seeds in the field. 'IM 

applications of Metyphon EC 50 (1 ml/L) , Fastac (0.25 ml/L) and 

Dimethoate (1 ml/L) at early palsetting and 2 weeks later were used. 

Samples were harvested of each plot of which 25 g seeds were evaluated 

for infestation f m  August to N o v e n b x .  In August, 3 rranths after 

harvest, only in a few seeds cculd infestation be detect&, but nunkrs 

increased as the adults -let& developwnt (Fig. 3.6.6) . 

'me final infestation of 20 to 26% was quite this season. None of 

the treatments reduced the infestation. Pcssibly the effectiveness was 

reduced by rainfall comrring after the insecticide applications. Nsre 

effective control methods need to be developed as B. g& is an inportant 

direct pest and 20% seed infestation results in seed lasses of the same 

order. 

5. Weigand, M.El-Emed (AFC Syria) 
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Figure 3.6.6. Effect of tw applications of different insecticides in 
lentil at farmerr field on the percerrt seed infestation by 
mudus m i  m r d e d  3 to 5 months after harvest, 1990/91. -- 

3.6.3.2. protection of lentil seeds in storage 
Ihe mltivoltine species Callosabruchus chinensis also causes 

considerable lasses in lentil. Ihe traditions1 mthcds of seed protection 

favd to be most effective last seam were d i m t i o w  of olive oil (5 
ml/kg seed), salt (20 Wkg) and water (10 nll/kg seed). lbese were 

retested in carparism with the 2 insecticides Actellic (0.5 g/kg seed) 

and K-othrin (0.5 q/kg seed). 

In addition N e w  seed oil (3 ml + 10 ml water/@ seed; was included 

in the expximent. All seeds were treated with the respective sutstances 

on 14 December 1990. After  3 weeks, 4 and 6 months (7 January, 2 April, 

7 June) 300 lentil seeds were infested with 4 female and 4 mle C. 
chinensis and the rnnnber of pmgeny per female and percent infestation 

counted after 1 month. Ihe insecticides provided m t  effective control 

with Actellic giving oanplete and K - o t h r i n  high level of protection even 

after 6 mths (Fig. 3.6.7). Except for the salt + water all other 
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Figure 3.6.7. Effect of two insecticides and alternative treatments on 
the percent seed infestation ard nmter of progeny per 
female of callosabrudnLs chinensis in stored lentil. 

treatmMts were effective for 3 weeks giving 1 to 2 progeny per female 

and a low seed infestation. l h e  effectiveness of the Neem seed oil then 

decreased and 45 and 79 % infestation was found after 4 an3 6 months, 

respectively. 

In the olive oil treatments infestations were significantly lower 

than in the check even after 4 ard 6 mths. m e  treatmat of olive oil 

+ salt was the msst effective, confirming previous mults. Thus it 

could be lLsed by fazmers to effectively protect lentil stored for h m  

wnsmption for a perid of 4 to 6 months. 

B. Weigand 



Faba bean is p r e d m h n t l y  grown in  wheat-based farmkg systems in  the 

WANA rqicm, minly in  medim-rainfall emrirornwts (above 450 nun). For 

this reason, w e t  Research Station near Fes, Momcco, was chosen a s  the 

site for the transfer of faba bean iqrov& research frum ICARaA t o  

INRA, Momcco. The goal of faba km iqxavemmt research has been t o  

make the crop more ccpnpetitive w i t h  other cmps, thereby halting the 

decline in faba bean area over the past 20 years. W i t h  faba bean a s  a 

more appealing alternative t o  continuous cereals, a nmre sustainable 

farming system could be developed in  the medim-rainfall areas of WANA. 

The sh i f t  of f a h  bean research to North Africa brought a major 

s h i f t  in emphasis t o  Orobanche resistance. Increased research in  t h i s  

area has achieved p d s i n g  %ults. Reseanh on other m j o r  pests of 

faba bean (chocolate spot, rust, nemtodes, and Asccchyta blight) and t o  

improve plant rsspmse t o  prcductive environments through altering the 

plant type has also teen given mrtance in the transfer of ICARDA work 

from Headquarters to Morocco. 

4.1. Transfer of Faba Bean Iqarovment Research to North Africa 

In accordance w i t h  the decision of the Consultative G m u p  on 

International Agricultural Research (CGIAR) t o  phase cut crop improverent 

on faba bean a t  ICARaA headquarters and to transfer t h i s  t o  a North 

African national research program, the ICARDA faba bean inpmvement team 

was transferred t o  h y e t  Research Station (near Fes) of INRA, Morocco as 

of September 1, 1989. Tbe objective of this w e  has been t o  develop an 

INRA, M o m  faba bean team t o  assume the responsibility of ICARaA's 

faba bean crop improvemmt research. Special effor ts  have been M e  t o  

establish strong faundations to camplete the transfer by the end of 1991 

to set the stage for  special funding which -tees the continuity of 

research beyond 1991, when ICARaA's core funding on faba beKl w i l l  

terminate. B r e e d e r  and agronomist m t e q m r t s  have teen identified and 



stationed at Dwyet with the ICARDA faba bean team. Day-to-day 

interaction has helped in training these cnunteqxrts to assume their 

future roles. A counterprt patholcqist has also been identified to be 

in place by end of 1991. 

Specific accconplistments in establishing a faba bean project in 

muyet are as follows: 

(a) ltro offices with two ccmpters and a patholq laboratory with basic 

equiprat were established. 

(b) Screenhmx~ facilities for pre  line breeding (21) were transferred 

and field facilities for disease screening research were 

established. 

(c) Faba bean hrpmved germplasm, including inbred and advanced lines 

with disease resistanoe, closed flowers, determinate growth habit 

and TVS were transferred f m  ICAROA to Douyet. 

(d) North African Regional Large and Sm11 Seed Yield Trials and 

Orobanche nurseries were initiated and distributed. 

(e) Screening for resistanoe to Orobanche at Douyet, chamlate spot and 

Asccchyta blight at Melow, am3 stem nematdes at Guich began in 

1989 under artificial inoculations. 

(f) Verification trials to transfer Orobanche-resistant lines to famas 

were initiated in close collaboration with extension m n n e l  in 

Morccw. 

(g )  ltro *we& faba bean hrpmvement courres (breeding/ patholq) 

were conducted in collaboration with INRA and EXA-Melow. These 

courses hosted 14 participants from six different countries in 1990 

and 20 participants f m  seven countries in 1991. 

mile all efforts have been mde to transfer ICWUX's faba bean 

research to INRA, Moram, to acamplish this transfer by December 1991 

in a way that will ensure continuity of research is not possible. The 

WRA faba bean breeder and agronomist were only in place in February 1990 
and the patholcgist in September 1991. Since those personnel had little 

previws faba bean exprience, the n i n b  on-the-job training needed 

would be three to far years. M e m r e ,  INRA, Morccco, quite 



correctly, desires t o  send these s taff  abrmd for  R . D .  training t o  have 

a well-trained faba bean iqrovement p-. 

For the above reasons, major effor ts  w e r e  made i n  develcping a 

bi la tera l  grant pmpasal t o  -rt a f a b  bean project in Momcco. 

T h i s  prcposal has made provision to pmvide necessary fac i l i t i e s  for the 

INRA faba bean prcqram axd an operating budget. Also, there is provision 

for a sc ient is t  to be recruited i n t e r n a t i o ~ l l y  to back up the INRA faba 

bean team in this transition pericd. Geman Ministry for  Cooperation 

(BMZ) has been apprmched also t o  pmvide funds for m i n g  a 'North 

African Faba Eean Research Network' so that the faba bean iqrovement 

work in the region continues t o  make progress an3 use the material 

gmerated by ICAXa in  the past a f t e r  ICARDA core funding stops. 

Faba bean b d i n g  has c o m t r a t e d  on providing high-yielding l ines w i t h  

acceptable consumer t r a i t s  such as large-seeded, long-podded l ines for 

vegetable use, larqe- axd inkmediate-seeded l ines  as pulse and mall- 

seeded l ines  for use as animal f e d .  The m j o r  act ivi t ies  of faba bean 

inprovement resear& were on resistance to biotic stresses, particulaxy 

Orobnche, and in altering the plant typ= to control vegetative grcwth, 

flower an3 pod dmp, and converting faba bean into a self-pollinated 

crop. 

4.2.1. The Season i n  mraxo 
In general, the weather conditions a t  w e t  in  1989/90 were favorable 

for f a b  bean growth (Fig. 4.2.1) . A to ta l  of 493 m of rainfall  was 

received dwing the season. m i n g  February throu* April 30% of the 

to ta l  ra infal l  was received, an3 Octoter through December received 45% of 

the to ta l .  

4.2.2. Use of hhiUlOed Gemplasm by National Pmgrrnns 

Iran released 'Barakat' for green pod prcduction in 1987 because of 

higher green pod and dry seed yield, and because of par t ia l  resistance to 
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Figure 4.2.1. Mean monthly maxinwn, mininnnn and averge tmwmtwe, 
mnthly total rainfall and clrmulative rainfall during 
1990/91 at myet Station, Morocco. 

chocolate spot and M y t a  blight. Line 80543977 has been released as 

'Favel' in mrtugal in 1989 because of high yield and large seed size. 

In Syria Hama 15, a selection from ILB 1270 was released in 1991. In 

Ethiopia a cross bulk has been prified and is now in pre-Elease 

multiplication. In Egypt Giza 461 and R e i n a  Blanca have keen released 

because of supxior resistance to foliar diseases. In Sudan Shanht 75 

and Shambat 104 have been released for the nontraditional faba bean- 

growing areas and Selaim Miurn large (DLM) for the traditional areas. 

ktermirate  lines are in on-fam trials in China and Syria. In 

Syria 80544027 is in the fourth year of on-fann testing. FLIP 86-146FB 

was chosen for on-farm trials in SOU- mina because this determinate 

line fits in the predominant cotton-faba bean relay cropping system. In 

Tunisia, the lines 80580028, 582113-8 and 582033-3 have been selected for 

pre-release imltiplication because of their yield potential in drouFPlt 

conditions. A line in Tunisia, FLIP 83-106 FB (sm11-&), has been 

identified for multiplication. In Algeria 14 lines werr provided for 

multilocation testing. A sumnary of the use of I C '  lines for 

multilocation, on-farm, and verification trials is given in Table 4.2.1. 



Table 4.2 .l. Use of ICARDA lines by National h-cgraros. 

Country Line Use 

Algeria 14 lines Multilocation test- 
Chile IIE 1814 --release multiplication 
mina Flip 86-146FB' On-farm t r i a l s  3 lines Large 

scale increase! 1 ha each 
Esypt IIE 1270 ReleKed as ~ e l n a  ~ l a n c a  
Esypt Giza 461 mtrytis-resistant  variety 

developea using Im 938 
Ethiopia 74TA12050x74TA236 Fre-release multiplication 
Iran IIE 1269 Released as 'Barakat' 
Iraq 118 1814  re-release d t i p l i c a t i o n  
p o r t q a l  80543977 Released a s  'Favel' 
syria Hama 15  ele eased (sel .  of IIB 1270) 

80544027 On-farm t r i a l s  
Flip 84-239FB1 

m i s i a  80580028, S82003-3, --release multiplication 
582113-8 
IL8 1270 large-scale increase 

I Determinate line. 

W i t h  the  transfer of ICARDA faba bean improvemnt ac t iv i t i e s  to 

met, Moram and the planned asslrmption of responsibility fo r  this by 

INRA, Morocco a f t e r  1991, e f fo r t s  on production of finished cult ivars 

were stopped and increased emphasis has been given to the production of 

enhanced germplasm p l s  and stocks for  the use of national programs. 

Resistanoe to pests constitutes the bulk of specific requests of 

national programs, m y ,  resistance to Ombanche, c h m l a t e  spot, stem 

nematodes, Asaxhyta blight, and rust. Egypt has used IIE 938, a disease 

resistance source to develop G i z a  461 which has been released w i t h  

resistance to chccolate spot and rust (Table 4.2.2) . 

Cresses have also been made between large-seeded types such a s  

Aquadul~e and New Kammth with 1-1 lamlraces a t  the  request of national 

programs, and FJF3 populations were provided (Table 4.2.2) . In  1988, F3 



Table 4.2.2. Use of IC&P.LX~ gemplasm, resistance sources, populations, 
and early generations lines by National hograrm during 
1987-1990. 

No. of Tna= of material 
lines or 
crosses 

339 Diseaseresistant lines for yield testing 
in -ins 

96 Determinate 1- m xreenig nursery 
1250 BPL's aphid screening 
1 ILB 938 used for - to develop 

diseaseresistant varieties 
600 EPL'S aphid screening 
200 Evly genefation lines for srreening 
19 F2 populatlors-IVS 
600 BPL'S aphid screening 
1 cross bulk purified for variety release 
27 Lines in advanoe and national yield trials 
532 Early qeneration lines in screeninq 

Algeria 

Algeria 
Egypt 
m t  

QYPt 
WPt 
WPt 
Egypt 
Ethiopia 
Ethiopia 
Ethiopia - - 

nurseries 
33 F3 progenies; F3 mlks Chinese Disease 

resistant; IVS, deter. populations an3 
progenies 
F2 population ard F3 derived progenies 
crosses made for disease resistance, IVS, 
and detemimte 
Disease-resistant lines for yield testing 
in screening nurseries 
mtenninate lines in screening nursery F2 
population IVS 
n mations-IVS 
F2 populations - earliness (Sudan, Chinese) 
Lines for disease screen- n y  
 ise ease-resistant lines for yleld testing 
in nursery 
mtemimte lines in screening nursery 
Crosses for larqe-seded N87033, N87043, 
and N87035 
F3 Progeny rms 
BPL's for aphid resistaxe screening 
BPL' for Orobanche resistance screening 
BPL' for stem nemtde resistance screening 
BPL's for stem m t d e  resistance 
screening 
Cm5Sg 
crosses 

China 

Morocco 
M o m  

Sudan 
flldan 
Tunisia 
Tunisia 

Libya 
South 
America 



populations w i t h  the IVS (indeprdent vascvlar supply) t r a i t  w e r e  

supplied to china, Egypt, Sudan, and Mo- a t  the i r  request. In 1990, 

mses were made a t  axlyet and a t  Cordoba, Spain t o  d i n e  orxhnche 

resistance w i t h  large seed and long pods of Aquadulce. Also, crasses 

were made a t  Douyet to combine O r o m  and chccolate spot resistance. 

Backcmsses to the Orobanche resistance source.? were made i n  1991. In 

1991, 24 crosses were made for  South America and 32 crosses were  made for 

Libya. 

me main emphasis i n  faba bean bredirq during the l a s t  season of 

core fundira3 a t  ICARDA will  be to ensure a srrcuth transfer of ICARDA 

hpmewent research to I N R A - M o m ,  and to the other ~ t i o ~ l  p n g r a ~ h ~  

of North Africa. This w i l l  be effect63 through transferring enhanced 

germplasm, v i s i t s  to NAFSs in North Africa and close collaborative work 

w i t h  colleagues in the ~ t i d  prqram in exploi tkg the N1 potential 

of the enhanced germplasm. 

L.D. 

4.2.3. -1- 

W i t h  the transfer of ICAROA core faba bean iqmxemerit research to INRA, 
Mo- and phasing out of a l l  ac t ivi t ies  in  Syria, the only research 

activity on faba bean a t  ICARDA w i l l  be w i t h  gemplasm collection, 

evaluation and maintenance. H o w e v e r ,  the faba bean project is also 

cmcemed about gemplasm evaluation. In  1990/91 the wmxcan germplasm 

collection (269 accessions) w a s  evaluated for  37 ~ i p t 0 1 s  of the 

I ~ I C A R D A  faba bean descriptor list. Distributions for  seed yield, 

days to flowering, nmkr  of leaf le ts  per leaf, plant height, height of 

lowest pod bearing d e ,  pods Fer Plant, pod length, s=ds per pod 

hundred seed weight are given in Figs. 4.2.2 to 4.2.10. 

'Ihere w e r e  55 accessions w i t h  yields of 5 t/ha o r  greater wflich w i l l  

be evaluated further for their yield p e r f o m c e  in breeding t r i a l s  (Fig. 

4.2.2). lhe mean flmering date was 95 days w i t h  most acoessions 

flowering a f t e r  92 to 96 days (Fig. 4.2.3). Tnere w e r e  6 unifoliate 

lines (Fig. 4.2.4) . Mean plant height was 105 an with most accessions 



between 100 and 110 cm tall (Fig. 4.2.5). m e  height of the lowest pod- 

bearing ncde varied f m  14 to 42 an with an average of 25 an and most 

accessions between 18 and 30 an (Fig. 4.2.6) . Pcd per plant averaged 3.5 
with most lines with 2 to 5 pods per plant (Fig. 4.2.7). Pcd length 

averaged 9.5 cmwitha m e  frcan 6to 15 an (Fig. 4.2.8). S€dSperpod  

averaged 3.1 with lrrst accessions between 2.5 and 3.5 seeds/@ (Fig. 

4.2.9). There were three p a h  for 100- seed weight, one at 80 g, one at 

130 g and one at 260 g (Fig. 4.2.10). 

Correlations m n g  see3 yield, date of flowering, plant height, 

pods/plant, pod length, looseed weight, pods/rcde and seeds/pod are 

given in Table 4.2.3. m e  highest mrrelation with seed yield was with 

100-seed weight (r = 0.50**). However, pods/plant and seeds per pods had 

strong rqative correlations with seed yield (r = -0.48 ad -0.40, 

respectively). mis is because of cmpmsatory relations of 100- seed 

weight (r = -0.48** ad -0.50**) with pods/plant and seed/pods, 

respectively. 

Z. Fatemi and L.D. Robertson 
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Figure 4.2.2. Frequency distribution of the Moroocan faba bean 
collection of 269 accessions for seed yield. 
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Pigme 4.2.3. FYeqency distribution of the Moroocan faba bean 
collection of 269 accessions for days to 50% flowering. 
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Figure 4.2.4. FYequency distributicm of the Momccan faba bBan 
collection of 269 accessions for the nunker of 
leaflets/leaf. 
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Figtux 4.2.5. ~ e q u e n c y  distribution of the Moroccan faba bean 
collection of 269 aocessions for plant heirplt. 
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Figure 4.2.6. m e n ?  distribution of the M o m  faba bean 
wllectlon of 269 accessions forheight to lowest pod- 
b e ~ i n g  ncde. 
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Figure 4.2.7. P r w  distribution of the Momocan faba bean 
collection of 269 accxxsaions for pods/plant. 
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Figure 4.2.8. FYquf?ncy distribution of the Mo?.w=can faba bean 
collection of 269 accessions for pod length. 
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Figure 4.2.9. Erquency distribution of the Moroocan faba bean 
collection of 269 accessions for no. of seeds/@. 
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figure 4.2.10. EYquency distribution of the Morcccan faba bean 
collection of 269 accessions for 100-seed weight. 



Table 4.2.3. Correlations among seed yield, date of flowering, plant height, pods per plant, 
pod length, looseed weight, ncde and seeds per pod for 269 M o m  gemplasm 
aacessions grown a t  wet Morocm 1991. 

&?scriptor Seed oate of Plant pea/ Pod 100-seed Pods/ 
yield flowering height plant length weight ncde 

- 
Date of -0.46** 1.00 0.29** 0.20** -0.26** -o.30** 0.31** e 
flowering 

Plant heiaht -0.04 0.29** 1.00 0.07 -0.10** -0.07 0.16** 
pod per -0.44** 0.20** 0.07 1.00 -0.43** -0.50** 0.65** 

length 0.47** -0.26** -0.12* -0.44** 1.00 0.35** 0.41** 
100-seed 0.50** -0.30** -0.07 -0.51** 0.35 1.00 0.48** 
weight 

EWs per ncde -0.48** 0.31** 0.16** 0.65** -0.42** -0.48** 1.00 
S e d S  per pad -0.40** 0.23** 0.12** 0.92** -0.33** -0.50** 0.61 



4.2.4. Develqment of Rait-specific u c  Stocks 

D i s e a s e  resistance research included maintaining the uniformity of the 

disease-resistant inbreds for distribution t o  national p r q r a m  in 

i n t e r n a t i o ~ l  disease screening nurseries and for use in pmhcing 

segregating populations with disease resistance for  selection by ~ t i o n a l  

breed- and patholcqists. Most mrk  on disease resistance involved 

selection from F3 t o  F6 pmgenies w i t h  disease resistance and yield for 

use in  the national progranr; of North Africa. 

4 2 4 1  Genq?lasn for Orobanche resistance 

Enmarape (Orobanche Forsk.) is the most important plant 

parasit ic weed w h i c h  attacks faba bean in the dry and hot areas of the 

Mediterranean region. 0. creMta is d i f f i cu l t  t o  m q e  and a l l  

a m e r c i a l  faba bean cultivars grown by fanners today are susceptible. 

'Ihe wide prevalence and severity of 0. m a t a  in certain areas in  North 

AErica has forced fanners t o  dmp faba bean cultivation. ?he use of 

chemicals t o  control 0. crerata is V i v e  and breeding for resistance 

to this parasit ic weed has long been hampered by the lack of useful 

swrces of resistance. W i t h  the transfer of faba bean improvement 

research t o  Douyet, Momam, emfksis on m i r q  for resistance t o  

OrObanChe has increased. S u m s  from screening the BPL collection has 

been limited; from two years Of 900 BPIS, only one (EPL 2830) 

was rated as resistant. 

However, oonsiderable p- has been wide w i t h  m t e r i a l  received 

E m  Spain that  used the Orohmhe-tolerant line from E3ypt-F 402. 

Fifty prcgenies f m  the cmss (F402 x INIA06) x F402 w e r e  tested in 

a r t i f i c ia l ly  heavily infested fields in  1988 and 1989 in  Syria and 1989 

in  Morocco. A to ta l  of 85 single-plant selections were rated as highly 

resistant, a m p r e d  w i t h  the laal susceptible check. 

'Ihree selections (18009, 18035, and 18105) were consistently rated 

a s  resistant to Orobanche a t  both Emuyet, Momam and lat takia,  Syria 

ampard w i t h  a local check in  adjacent rows. ?he yield potential of 

these selections w a s  c a p x e d  w i t h  tha t  of the widely grown comnercial 



cultivar "Aquadulce" at m y e t  Agricultural Research Station in M o m  

in 1989/90. In 1990/91 these lines m grown in verification trials at 

five sites in Morcca. (See section 4.2.5.2 for discussion of results). 

men the 85 selections from 1989 and new mterial f m  Spain (184 

lines) were tested in 1989/90, many resistant selections from the crosses 

hem found (47 frwn previous years and 144 of the new lines). Fk2sxilt-s 

frwn 1989/90 and 1990/91 showed these had a lower mmhr of Orobanche 

shoots/faba bean plant and Oro!=anche shoot dry weight/faba bean plant 

ccrmpared with the local susceptible check, Aquadulce (Figs. 4.2.11 and 

4.2.12). 
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Figure 4.2.11. OrobaKhe incidence m saw pmmisirq faba bean lines in 
naturally infested field at w e t  research station durirq 
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Figure 4 . 2 . U .  Incidence of Orubanche infestation in saw promising faba 
bean lines in    tux ally infested f i e ld  a t  m e t  research 
stat ion during 1989/90 and 1990/91. 

The original p r c g ~ i e s  were selected by IXs. J. I. Cubero and J. 

Hernandez a t  Cordoba, Spain. rrossg are being made i n  Spain t o  combine 

this Orobanche resistance w i t h  the Aquadulce laxdrace type and a t  muyet 

to combine with c h m l a t e  spat resistance sources. 

2. Patmi, L.D. rmbsrban, S.B. I(anounikands.P.6. Beniwa~ 

4.2.4.2. Develqment of di-resistant inbred lines 

There are  287 accessions selected for resistarce t o  chooolate spot, 308 

for  a d y t a  blight,  64 for rust, and 13 for stem n m t o j e s  (Table 

4.2.4) . 'Ihese were distributed thmuqh the I n t e m t i o n a l  Legumes Nursery 

Network and are being r ~ i n t a i n e d  in insect-proof screenhouss for seed 

multiplication for future use. 



4.2 .4 .3 .  Recabhation of disease resistance w i t h  local adaptation 

T h i s  a c t i v i t y  was s h i f t e d  to Oouyet in 1989. Several  technicians were 

trained a t  Douyet i n  crossing an3 58 crosses w e r e  made w i t h  North African 

lines f o r  disease resistance in  1990 an3 156 crosses i n  1991. Crossing 

in  1991 erphsized combinkg resistance and large seed, long 

pods, and mining resistances to Orobanche and &mulate spot. 

Table 4 .2 .4 .  Some of  the most important inbred wurces for r e s i s t a n c e  
to chocolate spot, m y t a  blight, ard mt. 

D i s e a s e  solxcesl 

Quxolate spot BPL 110, 112, 261, 266, 710. 1179, 1196, 1278, 
1821, II.5 3025, 3026, 2282, 3033, 3034, 3036, 
3056, 3106, 3107, 2302, 2320, L82003, IS2009 

m y t a  b l i g h t  BPL 74, 230, 365, 460, 465, 471, 472, 646, 818, 
2485, IL8752, L83118, 183120, L81124, -3125, 
L83127, L83129, L83136, L83142, L83149, L83151, 
L83155, L83156, L832001 

BPL 7 ,  8 ,  260, 261, 263, 309, 406, 417, 427, 484, 
490, 524, 533, 539; Se l .  82 Idt. 15563-1, 2,  3, 4 

stem -We BPI. 1, 10, 11, 12, 21, 23, 26, 27, 40, 63, 88, 183 

1. There are several sublines of most sources listed. 

4.2 .5 .  melopent of Jnproved Cultivars and Genetic Stocks for Wheat- 

based systehs 

Faba bean in most of the ICARDA region is grown in %heat-based farming 

systems where there is adequate ra infa l l / supplementKy i r r i g a t i o n .  Faba 

bean is used t o  a large extent as a green vegetable wi th  the ?mpirement 
of laqe seeds and long pods. Small-seeded faba bean is used as forage.  

To be ccqet i t ive w i t h  other cropj i n  this farming System faba bean has 



to have high ard stable yield. mis tlg-es~itates genotypes with 

resistance to Grobnche w, -is fabae, Ditvlenchus dimci, 
~ s o x h v t a  fabae and urcrwoes fabae. En@asis was therefore placed on 

developing such germplasm, and for 1990/91 m t  cresses involved at least 

one pest-resistant parent. 

4.2.5.1. Yield potential of indeterminate faba bean 

The season had a qmd distribution of rainfall. C.V.s ranged f m  9.6 to 

17.8% for trials gmwn at w e t  ard the trial means ranged f m  3117 to 

4191 kg/ha. 

?he hi@ffit yield in replicated trials was 5.4 t/ha. A total of 100 

lines outyielded the best check and 9 significantly outyielded the check 

(Aquadulce) (Table 4.2.5). 

Table 4.2.5. Results of faba bean yield trials at m y e t  ard Jama 
shim, 1989-90. 

Trial No. of No. of Seed yield (kq/ha) 
test lines > 
entries Check Signi- Trial Eest Check C.V. 

ficant mean lines mean (%) 

4.2.5.2. On-farm verificaticm of 0. cre~ta-resistant faba bean lines 

The?=e was close collaboration with the Extension kprbwnt of Me!mes, to 



dmnstrate control of 0. ~ r e ~ t a  by the use of three resistant lines 

(Sel.88.Lat. 18009, 18035 and 18105) in naturally infested farmers' 

fields. These lines showed a high level of resistance to 0. crenata and 

prcduced greater yields than the local susceptible cultivar Aquadulce, 

which was almost ccanpletely destroyed in adjacent rows. Fa- 

requested these lines despite their small seed size (50-70 g/100 seeds). 

Data f m  1990 at one lcmtion am3 1991 at five locations are 

presented in Tables 4.2.6 and 4.2.7. It is clear that where there was 

Table 4.2.6. Grain yield at five locations in 1991 and one location in 
1990 in Morccxw of faba bean verification trial. 

htrY 1990 1991 
m e t  Douyet CT Ghania Saiss Fes Mean 

18105 1120 397 2808 2191 3252 3105 2351 
18035 1220 272 2698 2888 3022 3692 2514 
18009 1230 276 2980 1989 3380 2671 2259 
Wuce 440 0 0 2045 2045 3583 1616 
S.E.D. 114 194 1598 1198 390 349 ---- 
Mean 1003 315 2828 2278 3026 3264 2185 

Table 4.2.7. N w $ e r  of Orobnzhe shoots per fah bean plant for five 
location in 1991 and one in mioram for fah bean 
verification trial. 

htry 1990 1991 
w e t  muyet CP Ghania Saiss F e s  Mean 

Aquadllle 5.DD 11.57 3.73 6.67 1.87 0.73 4.91 
S.E.D. 0.25 0.71 0.24 2.16 0.22 0.39 ---- 
Mean 1.71 5.63 1.83 7.02 0.64 1.95 2.55 



heavy Orukmche infestation the yields of the resistant l ines  were lrmch 

hiqher then Pquadulce. Cver five sites in 1991 the resistant lines were 

46% higher yielding than Aquamce and they nad 64% less Ombanche 

shoots/faba bean plant than Aquadulce. Similar results can be seen for 

1990. 

2. Fatemi, L.D. -, 8.B. Hanormik and S .P .8 .  b w a l  

4 . 2 5 3  sepqating popllatiom 

This year 889 single plant selections were made in segrrgating 

populations and prcqeny rows grown a t  Euyet,  M o m  for  chocolate spot 

resistance and determinate ard IVS plant type. mese w i l l  be planted a s  

prqeny rows a t  Lbuyet, and at  MeloEs (for disease resistance screening) . 
A t  Me)aRs 1274 single plant selectiow =re made for resistance t o  

c h m l a t e  spot. A l l  nurseries were inoculated a r t i f i c ia l ly  and scored 

for  disease reaction using ICARDA's 1-9 rating scales. In the 

preliminary sci-eniq nurseries 210 selections were imde for preliminary 

yield t r i a l s  next year. 

Z. Fatemi, S.B.  IEanamik, L.D. m k e r t s 0 n a n d S . P . S .  Beniwal 

4 .2 .6 .  Dwelepnent of Alternative P l a n t  Type 

4.2.6.1. Determinate and IVS faba bean genetic stocks 

T h e  determinate habit is of potential impzrbre  i n  faba bean p d c t i o n  

areas which are either irrigated or  are hiqhly fer t i le .  Its use should 

curtail excessive vegetative growth and sukquen t  lodging, ard should 

give a corresponding increase in harvest index. Work has been 

considerably reduced on determinates with the sh i f t  t o  North Africa an3 

the crossing pmgram was te?minated. Efforts w i l l  be made t o  consolidate 

gains and maintain the inproved genetic stocks derived from the crossing 

P-. 

Because of independent vascular supply (IVS) t o  each flauer, the IVS 

l ines  prcduce mre pods i n  each racane because f l m  shedding is greatly 

reduced. In  the 1989/90 season 491 selectiors w e r e  made for NS in  



segreqating populations at tnuyet and 177 diseaseresistant IVS 

selections were made at %shes. Work was carried out using the new, 
earlier flowering IVS source based on Sudawe Triple White. A total of 

79 selections were mde in 19 F, e a t i o n s  at m y e t  in 1991: half of 

these involved a disease-resistant parent. At Melmes 251 selections ryere 

mde for IVS in segregating pplations. Work will continue with 

enphasis on large seed size and disease resistanoe. 

2. F a W  and L.D. 

4.2.6.2. closed flower genetic stocks 

With tightly closed flowers, outcrossing can be as low as 5%. Until last 

season, populations and prcgenies from crosses with the available sources 

of closed flower character have been very late. At Tel Hadya 49 single 

plant selections could be mde for closed flower and earliness in F3 and 

F4 Frcgeny rows. ? h e  were used in M o m  in 1989/90 for 

additicolal crosses to contime to W i n  adaptation to the Mediterranean 

emrimmmt and 47 additional single plant selections were made. In 

1990/91 13 single plant selections were made in 15 F5 popllations and 29 

F6 single plant selections with earliness and larqe seed size were also 

made. 

a. F a W  and L.D. 

4.2.7. North African Regional hlurseries 

North African regional yield trials, larye and small, were distributed in 

the 1989/90 season to Morccco and Algeria. Tunisia and Libya were added 

in 1990/91.  any lines exceeded the lccal check (Aquadulce) (Tables 

4.2.8 and 4.2.9). 

An Orobanche regional nurseq was also initiated in 1989/90 and 

distributed to M o m ,  Algeria and 12misia. In this nursery the faba 

km lines 18009, 18035 and 18015 were tested further in M o m ,  and in 

Algeria and misia in naturally infested fields to study their 

resistance to different populations of 0. m t a  in the region. mese 
lines were rated as resistant to the parasite across all lccations, 

except to a population of Orobanche foetida which oaws in the area of 



Table 4.2.8. Seed y ie ld  fo r  the North Africa Regional Yield T r i a l - I i q e  
in 1989/90. 

Seed vie ld  i k u h )  
Fediqree/Accession No. tkuyet 

FLIP 82-30 FB 3913 
FLIP 82-45 FB 4055 
FLIP 84-107 FB 4632 
FLIP 84-128 FB 3895 
FLIP 84-147 FB 4234 
FLTP 85-89 FB 114 
FLIP 86-35 FB 3938 
FLIP 86-36 FB 3783 
FLIP 87-26 FB 4134 
FLIP 87-70 FB 4500 
FLIP 87-137 FB 3749 

U P  88-1 FB 
FLIP 88-2 FB 

80544027 
80580028 
80580125 
Reii-a Blanca 
Aquadulce 
Ircal Check 1 
Lccal Check 2 
C.V. (%) 

t he  testing s i t e  war Beja in  Tunisia. There is an urgent tI& to  

identify new 50- of resistance t o  this population of t he  parasi te .  

Results fmm 1991 are presented in Table 4.2.10. A t  Douyet there 

w a s  an extrarely severe infestat ion of O n k a r h e .  ?quadulce (which was 

a l s o  the  1-1 check) yielded no seed and had eight  times the  n w J z r  of 

Ombanche shwts per faba bean plant  a s  the most r e s i s t an t  line and 4.5 

times the  amount of t he  man of all t e s t  lines. 

2. Fatemi, L.D. Idobertson, S.B. HannmikandS.P.6. Beniwal 



Table 4.2.9. Seed yie ld  for the North Africa Regional Yield Rial-mall 
in 1989/90. 

Pedigree/Aaxssion No. 
Seed yie ld  ih/ha) 

byet 

FLIP 82-9 FB 
FLIP 82-35 FB 
FLIP 83-106 FB 
FLIP 84-46 FB 
FLIP 84-48 FB 
FLTP 84-59 FB 
FLIP 85-13 FB 
FLIP 85-28 FB 
FLIP 85-48 FB 
FLIP 86-80 FB 
FLIP 86-85 FB 
FLIP 86-86 FB 
FLIP 87-77 FB 
FLIP 88-3 FB 
FLIP 88-4 FB 
FLIP 88-6 FB 
76TA56267 
B87148 
B87149 

Local C h e  
C.V. (%) 

Table 4.2.10. Results of regional Orobanche nursery for 1990/91 at 
w e t .  

Line Seed yie ld  No. -1 
(kJ3m) faba !=can plant 

&check 
C.V. (%) 



4.3. Faba Bean Diseases 

Low and unstable faba bean yields in North Africa are due minly to 

several important diseases. The wide prevalence and severity of these 

diseases has intnxiuced some significant mes in faba bean cultivation 
in the region. 'Dm of these, viz., b m p e  (Orobanche crenata) and 
&-late spot ( Botn-tis fabae), have forced fanners to either give up 
faba bean cultivation or to significantly reduce it, whereas other seed- 

borne pathcgens like Axcchvta fabae and Ditvlenchus dimci have caused 
the enforcerent of new quarantine regulations which have halted faba bean 

exports from infested areas. Research in faba bean pathology 

concentrated on finding new sources of resistance to the mjor pathogens 

and incornrating them into high-yielding backgroun% results of which 

are reported under 4.2.4.1. Work on Orobanche was done to understand the 

relationship between seed load in relation to a susceptible and a 

resistant variety, and its integrated control. 

4.3.1. Relationship between Seed Inad of 0. crenata and Faba Bean Yield 

The potential of 0. crenata to cause damage to faba bean depends minly 

on its initial seed load in the soil. In general, the seed load 

available at planting and the rate of reprcduction of the parasite during 

the crop seamn determine the extent of damage at the end of the -n. 

lhe effed of the initial seed load of 0. m t a  on faba bean yield 

was investigated t h r m q i ~  a pot exprimnt. Different quantities of 

Orobanche seeds (based on an average count of 250 seeds of Ombanche/nq 

seed) were mixed thorougNy with Orobanche free soil fran Douyet Station 

to obtain a series of 3, 5, 9 ard 22 seeds per oc soil. Tne mcbmche- 

free soil semed as control. 'Ihese seed loads were determined by a 

centrifuqational extraction method employing a fldation solution of 

1.16 g mgsoJml of water. A fixed annrcunt of soil (5652 cc) with 

different Orobanche seed load was filled in each pot (20 an size) and 

placed in an hssct-pmf field cage. A susceptible faba bean cvltivar 

Acpadulce was sown in one set and a resistant line Se1.88.Lat. 18009 in 

andher. One plant was maintained in each pot. A completely ran3omized 



block design was used with three replications. 

In general, grain yields of the resistant line 18009 were 

significantly higher than those of the susceptible cultivar Aquaduke at 

all Omhnche seed loads except at 0 seed load (orcbmche-free soil) 

whe?=e Aquadulce outyielded line 18009 by 39% (Fig. 4.3.1) . Averaged over 
seed lmds, line 18009 gave three times more grain yield than Aquadulae. 
The susceptible line failed to yield any p i n s  at seed loads of 9 and 22 

SEZ&/CC soil, whereas the resistant line at these lmds yielded as mch 

as in the orcbmchefree situation. 

On average, a considerably lower n-r of Orobanche shoots (2.7 

shcots/plant) developed on the resistant line than on the smptible one 

(10.5 shwts/plant). Also, in general, the rnrmber of Orobnche shoots 

per plant in- with an increase in the seed load in both lines 

although the extent of successive increase was lower in the resistant 

line than in the susceptible one (Fig. 4.3.1) . Also, on average, weight 
of Orobanche shcots per plant increased with an increase in the seed 

load. 'Ihe Orobanche shoot weight in the resistant line was 44% of the 

susceptible one. These m y  explain higher grain yield in the resistant 

line. 

Further work is needed on the relationship betweM Orclbanche seed 

1 4  and yield losses in faba bean. TIE infomtim generated will help 

plan intqrated measures for Orobanche control and for predicting yield 

lcssg. 

4.3.2. Intqratedmntrol of Ombsncha inFabaBean 

Ccasiderimg the problens assuziated with CRnbanche oontml by individual 

methods, it was considered inprtant to attempt its btegakd control by 
emplaying resistant varieties, chemical m t m l  and scwirq date. 

Therefore, an m i m M t  was am3xtd in an Orobancbe-infested field at 

m e t  Station in RtB with four replications. 'Ihree faba bean varieties, 

two resistant (18105 araj 18035) and a susceptible (Aquadulce) , were each 

sown on three different dates (24 Oct 1990, 18 Nov 1990 and 10 Jan 1991) 



in 10 id plots. Spraying the crop with glyphusate or water alone were 

additio~l treatnr?nts. Spraying was done twia? with glYphoSate (184 

ml/ha) on 11 and 26  arch for 24 M sowing, on 24 rmxh and 11 April for 
18 N w  sowing and on 18 April and 2 May for 10  an sowing. Observations 
were remrded on grain yield (based on 2.5-n? area harvested) and its 

yield-mntributing factors, biolcgical yield and n d r  and dry weight of 

orobanche shoots. 

Yield (glplant) 
60 I 

Orobanchelplant 
r 16 

- Yield-Aquadulce * Yield-18009 

0 0rob.-Aquadulce hb. -18009 

Figure 4.3. I. Effect of seed lmd on the n m b r  of orobanche shoots/faba 
bean plant and faba bean seed yield/plant in two faba bean 
g-m=s. 

Faba bean grain yield was significantly affected by the three 

varieties. On an average, 18105 yielded hi-t (2741 kg/ha) followed by 

18035 (2488 kg/ha) with Aquadulce yielding the least (1496 kg/ha) and 

thus reflecting 45 and 40% haease in yield over Aquadulce, 

respectively. Similarly, faba bean grain yield was affected by three 

dates of sowing with 18 Nov wing yielding highest (2651 kg/ha) follmed 

by 10  an (2217 kg/ha) and 24 o=t wing (1857 kg/ha). Likewise, 

glyphcsate treatment yielded 2804 kg/ha compared with 1679 kg/ha of the 

untreated plots. m e  m m b x  of pcds per plant showed trends similar to 



the grain yield. Similarly, on average, the least n-rs of Omhanche 
shwb per plant (0.77) Were OlEe?3'ed in the l h  18105 (47%- 1- than 

xpadulce) and in 10 Jan sow* date (0.23 and l/lgb of m a c e )  and 

the glyphasate-sprayed treatnent (0.04 and 1/88& of ~ d u l c e )  whereas 

the highest n- were observed in Aquadulce (3.22), 24 cct sowing date 

(4.58) and unsprayed treatment (3.59) . me~e correlate with the grain 
yield obtained in these treatments. 

!lh-way interaction mults between varieties and dates showed 

significantly higher grain yields in the two resistant lines in 18 Nov 
sowirq date, over the other tm sow* dates, whereas Aqadulce yielded 

higher in the l a m i n g  date ccPnpared with the t w o  earlier ones (Fig. 

4.3.2) . Similarly, there was a significant interaction batween variety 

and spray treatments with advantage of glyphosate spray king hishest in 

Aguadulce, a 3-fold increase in qrain yield (Fig. 4.3.3). A similar 

significant interaction was &served hetween sowing dates and spray 

treatments (Fig. 4.3.4). The highest effect of glyphasate spray (about 

3-fold increase in grain yield) was obsemed in the earliest (24 Cct) 
sowkg and a little less advantage in the later dates. m e  above 

interactions w e r e  similar for the biological yield, pds p z  plant and 

also the rnmker of Omhnche shoots per plant. 

Results f m  this experht clearly slum the choices that we could 

have in controlling Ombanche. These include resistance variety planted 

in Nov: resistant or susceptible variety sprayed with glyphosate: and Nov 

sowing sprayed with glyphosate that will help control Ombanche 

infestation and increase faba hean qrain yields. 

S.Eamunik, L.D. Rabertscol, S.P.S. BeniwalandA. Kalida 

4.4. Faba Bean Agmncmy 

'IWo trials on faba tean agroncPny were initiated at Douyet Research 

station during the 1990/91 crop season. These were (i) to study the 

effect of different faba bean plant dmities on grarrth a d  yield, and 

(ii) to study the effect of different cropj on Orobanche develowrent in 

the following faba b a n  crop. 
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Figure 4.3.2. Interaction between date of planting and faba bean 
genotypes in affeding n m h r  of ordxm2he shoots/faba 
bean plant and yield of faba bean, Douyet, 1990/92. 

Spray N o  spray 

Yield Yield 

No. of Ombancbe No. of Ombanche 

Seed yield (tlha) Orobanchelplant 
I 7 

Aquadulce 18035 
Figure 4.3.3. Interaction be- glyphosate spray and faba bean 

genotypes in affecting the mmker of Oro!xuuhe &cots/ 
plant an3 seed yield of faba bean, Douyet, 1990/91. 



Spray No spray 

Yield Yield 

n No. of Orobanche No. of Orobanche 

Seed yield (tlha) Orobanchelplant 
I , 10 

October November January 
Date of planting 

Figure 4.3.4. Interaction between glyphosate spray and date of SOW* 

in affecting the number of Orobanche shwts/plant and seed 
yield of faba h, muyet, 1990/91. 

4.4.1. Effeot of Faba ~ean Plant Density on its Gxuwth and Grain Yield 

?he e x p z -  was mrducted in RCB dgign with fcur replications. Four 

faba bean densities of 5, 12.5, 25 and 40 plants/m' were used with inter- 

row spacing of loo, 40, 40 and 30 an and within row-spacing of 20, 20, 10 

and 8.5 m, respectively. ?he plot size was 8 x 8 m. Seeds were 

sown on 21 NOV 1990. 'Ihe crop was h a n d e d  twice. Diseases and 

insect pests were controlled by regular chlorathionil an3. Hostion sprays. 

No chemical spays w e r e  done to ccntrol m. Oksenmtions on 
bmnching, height of plant and dry weiqht were recorded over the growing 

season. Plots were harvested by 25 my, an3 observations on grain yield 

and its cmpnents  were recorded. 

since no glyphosate t ~ ~ t r o e n t  was applied, a severe attack of 

was &semd in the trial. An increase of plant density from 



5 t o  40 plants/ml had a depressive effect  on the nwJxr of branches per 

plant. 'Ihe lowest nunker of branches per plant (2.13) obtained fo r  the 

h i a e s t  density explains the  high level of c m p t i t i o n  between plants. 

me plant density also affected plant height. Tallest plants (138 

an) were w e d  in the highest density of 40 plants/m2, whereas 

shortest plants (122 an) were observed from the lowest density of 5 

p1ants/mm . 

Data on grain yield and its cmpnents  are shown in Table 4.4.1. 'Ihe 

grain yield ranged from 3313 %/ha for the  lowest density t o  1114 %/ha 

for the highest one. me densities above 5 plants/nZ had lower grain 

yield because they were more affected by Orobanche and diseases such a s  

chocolate spot and Asccchyta blight. 

Table 4.4.1. ~ f f e c t  of four faba bean plant densities on its grain yield 
and its umpnents. 

Treatrent Plants/ BrancAes/ Pod/ Seeds/ 100-seed Yield 
n? PI- plant plant yield (g) (%/ha) 

Mean 3.51 5.58 21.25 162 2169 

4.4.2. Effect of Crop Pntation on the Seed Bank of Orohmhe 

Several t w 0 - a ~ ~ ~ ~  rotations are being evaluated for their effect  on the 

development of Ombanche seed bank and prcductivity of the rotation. 

This is the f i r s t  year of this sxperiment. I t  is m e d  in a spl i t -  

p lot  design w i t h  four replications in 10 x 3.4 m plots. The main plots 



are the two phasg and the subplots are rotations. The tm2dtmmt.s are a s  

follows : 

Ftlase 2 

1. Faba bean (Aquadulce) wheat (Sais) 

2. Faba bean (Giza 402) meat (Sais) 

3. Fa& bean (Aquadulce) Faba bean muadulce) 

4. Faba bean (Giza 402) Faba bean (Giza 402) 

5. ~ a b a  bean ( w d u l c e )  Faba bean (Giza 402) 

6. F a b  bean (Giza 402) Faba bean (Acpadulce) 

7 .  chi- (IIC 195) wheat (sais) 
8. wheat (Sais) wheat (%is) 

9. Faba bean (Aquadulce) Sunflower (Recod) 

A. mi&, L.D. Robertson, S.Hanolmik, S.P.8. Beniwal 

4.5. PBba Bean mtamlogy 

4.5.1. control of Bruohus denti- 
For the past 3 years different insecticides were tested in  a f a n w ' s  

f ie ld  (Zitan/Barnaa village) for the i r  effectiveness t o  control Bruchus 
denti-, the dcaninant storage pest in  faba bean. This year the 

infestation w a s  lm with only 26% seed infestation and 28 larvae per 100 

seeds as ccanpared to infestations of 50 t o  60% and 88 and 75 larvae per 

loo  seeds i n  the previous two seasons, 1989 and 1990 (Fig. 4.5.1) . In 

colrtrast to the f i r s t  2 years rainfall  in Mar& and April during the 

oviposition period of B. dentirw was high this year, reducing the f l ight  

activity and ovips i t ion  and resulting in lwer infestation. T W  

applications of Metyphon (1 ml/L), Fastac (0.25 ml/L) and Dimethoate (1 

ml/L) a t  early pojsetting and 2 weeks l a te r  were used. lhe applications 

of Metyphon and Fastac were most effective and reduced seed infestation 

f m  26 t o  13.3 an3 15.6%, respectively, wnfirming l a s t  year's results. 

Dimethcate only sl ightly decreased the infestation. LUring the 3-year 

study 6 i r w d i c i d e s  were tested, of which Netwon, Fastac and Thicdan 

effectively nxiuad the infestation, whereas Dxis was less effective and 

D i m t h o a t e  and Anthio w e r e  not effective. 

6.  Weigand, H. M o w ,  Y. Azzar ( B E ,  Aleppo) 
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Figure 4.5.1. Monthly rainfall and infestation of faha bean w i t h  Bruchus 
dentices during 3 y m ,  Zitan, Alepp, Syria. 



Annual feed legwe crops are one of the alternatives being studied to 
replace fallow in the cereal-based rotation in dry areas. lhey are 

defined as 1egLrminous species sown and harvested in one year for hay, 

seed or straw especially t o  feed livestock. lhey can also be grazed. 

lhe general objective of our forage legme @mmt work is to 

prcciuce inproved cultivars of feed legumes f m  several genera and to 

target these d t i v a r s  t o  feed lives- in areas w i t h  less than 350 nnn 

rainfall. It is also desirable t o  have widely adapted cultivars that can 

be recommended for different locations with similar agroecolcgical 

wrditians. 

In spite of the diversity of feed legme species in  the 

Meditemamm region, few have heen used specifically as feed c-, and 

they have received virtually no attention f m  plant breeders. 

merefore, our goals are to develop @roved cultivars of species 

amen t ly  i n  use by fanners and t o  examine saw of the alternative wild 

species fcmd in areas receiving 250-500 nnn rainfall. Particular 

attention is given t o  feed legwe crops for dry areas a r e  annual 

rainfall is 250-300 nnn. In these areas, legme cmps are not widely grown 

an3 farmers grow cereals, usually barley followed by a fallow year or 

increasingly, there is cereal mmmmlture. In view of ICARDA's overall 

objectives of developing sustainable farming system, there is a great 

need for developing legme crops adapted to these dry areas. 

The two genera of feed legumes being intensively evaluated are 

vetches (w spp. ) and chicklings (Lath- spp. ) . Of vetches we are 
selecting or  hybridizing genotypes of y. (owmon vetch), V. 
villosa suhsp. dasv- (wcaly-pod vetch), 41. narhnensis (mrim 

vetch), V. ervilia (bitter vetch), and of chicklings Lathmus &&gs 



(omumn chickling or grasspea), L. cicera (dwarf chickling) and L. c c h n ~ ~  

(ochrus chickling). 

The nwst exciting species are h n  vetch, comnsn chidcling and 

dwarf chickling, becau5e of their potential in dry areas and wooly-pod 

vetch for its potential in the hi* elevation areas Of Balouchistan, 

where it showed negligible cold damage and prcduced greater h-ge and 

straw yields than the other legumes. There has also been qloratory 

work on y. w, V. palaestina, 41. panonica, V. satiM subsp. 

amhi- (under grcurd vetch) arrl Lathvrus ciliolatus (underground 

chickling). 

5.1.1. Breeding Of FD- 

The praxdwes of developing new feed legcrme crops are selection from 

wild types to develop cultivated t y p s ,  and genetic inprwement by 

hybridization. The two procedures are illustrated in Fig. 5.1.1. 

The pmcess of developing cultivated types from wild species 

involves prelimimq evaluation of germplasm for desired characters and 

prcgeny tests for selected genotypes (selections), evaluation of 

selections in preliminary micmplot yield trials, evaluation of prcanising 

selections in advanced yield trials at two contrasting sites, i.e., Tel 

Hadya and Breda, and nultilocation testing of promising lines in 

different aqro-eoolcgical zones (Fig. 5.1.1) . Because there has been so 
little breeding work on these legumes in the past, cur emphasis is on 
selection from existing wild types. By transferring the forage legumes 

breeding from PFLP to LP in 1990, more emphasis was given to genetic 

inprovenvent with the support of other disciplh, e.q., pathology, 

physiology and entmlcgy, and about 40% of our reso- for forage 

1 q . m ~ ~ ~  are being using for hybridization and genetic inprovmt. 

We aim to serve ~ t i o ~ l  breeding prqram throuqh (1) assembling, 

classifying, mintdining and distributing germplasm, (2) developing and 

supplying breeding populations with sufficient diversity to be used in 

different e m i m m t s ,  and (3) cmrdinating intematio~l trials to 
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Figure 5.1.1. Structure of forage legumes breeding prcgram: 
(A) Hybridization (B) Selection. 



facilitate rmltilaation testing and identification of widely adapted 

cultivars. 

Breeding for impwed yield is being sqplemented by inprwirq the 

quality: therefore, palatability and nutritive value of the herbage, hay, 

grain and straw are also considered through our collahration with PFLP. 

In 1990/91, germplam of narkon vetch was evaluated. -sing 

genotypes of V. sativa, V. ervilia, V. palaestina, V. hvbriQ and L. 
were tested in mirroplot field trials at Tel Hadya. hrwising 

lines of V. villosa subsp. daw- were tested in advanced yield trials 

at Tel Hadya, and pdsirq lines of 41. narkonensis, L. a, L. 
cioera and L. ochrus, were tested at Tel Hadya (seasonal total rainfall 

282 nun) and Breda (seam1 total rainfall 228 nnn). After crossing 

adapted carnan vetch with emtypes whose pods do not shatter, selection 

for adapted non-shattering lines omtinued into X4 g-tion. After 

screening omnmn chickling for low ne&xin (KIAA) content a cnxsing 

prcqra~ was initiated for inpmving nutritioml quality of L. sativus by 

breeding. A study to investigate the potential of subterranean vetch (41 
sativa subsp. am&icarm) under actual grazing conditions and its effect 

on the subsqent barley crop was continued. ~rasses of V. sativa s a p .  

sativa and 1. sativa sutsp. d i m  were imde and F, plants ryere 

studied. All the breeding work was done under rainfed conditions without 

supplementazy irrigation. 

5.1.1.1. -lam evaluation 

Dlrirq the last three seasons at Tel Hadya, attention has heen paid to 

the collection and evaluation of ~ t i v e  wild types of forage legumes. 

Some showed good cold and drought tolerance as well as early and rapid 

spring gmwth, early flowering and maturity. Such genotypes could be of 

value for developing new cultivars. 

In 1990/91, one expxirrerrt was mmhcted to a- 100 acoessions 

of narkon vetch (V. narkonensis) in nurjery rows in a cubic lattice 
design with two replicates. Rae acoessions here soored for d i n g  



vigor, winter and spring ~KWUI, cold effect, leafiness, time to 

flCWriIKJ, % flowering and maturity ard grain yield. Genotypic 

variability for these characters was wide (Table 5.1.1) . we identif ied 

25 genotypes for further evaluation and utilization in our breeding 

P-. 

Table 5.1.1. Range, F ,  standard error and coefficient of variation 
(%) of elght characters of 100 accessions of narbn vetch. 

charactersa m e  ~ e a n  S.E.M. C.V. (%I 
+ - 

seeding vigor 2.5 - 7.7 4.5 0.55 17.3 
Winter growth 2.5 - 7.7 4.5 0.55 17.5 
cold effect 1.0 - 4.8 1.4 0.45 47.0 
spring growth 2.5 - 9.2 6.0 0.77 17.9 
Leafiness 2.6 - 9.5 6.3 0.73 16.5 
Days to start flowering 113 - 130 120 0.90 1.07 
Days to 100% flowering 121  - 138 127 0.97 1.08 
b y s  to full maturity 146 - 170 155 1.5 1.4 
Grain yield (kg,4m) 143 -1642 928 157 24.0 

a On a visual score where 1 = p r :  9 = very good and for cold effect 
1 = no damage; 9 = all plants killed by fmst. 

5.1.1.2. Preliminary microplot evaluation 

The study of variation in agronomic traits in microplots is of 

significant practical value. It helps the breeder to establish a 

breeding prcgram with defined objectives, ard of itself may result in the 

selection of inpmed lines. Objective selection for herbage and seed 

yields and =one aspects of nutritive value begins in microplot field 

trials in the year following germplaso evaluation. 

In 1990/91, microplots of four species of vetches (Vicia sativa, 41. 

ervilia, y. palaestina, and V. hvbrida) and one species of chickling 
(Lathvms sativus) were planted at Tel Hadya in 3-5 d plots anxqed in 
a triple lattice design. For all the species, seed rate was 100 %/ha 



and f e r t i l i z e r  was applied a t  40 kg P20@a. lhese m i ~ p p l o t  qxrinwts 

were in two sets. b set was harvested a t  100% flowering t o  determine 

herbage yield and the other was harvested a t  m tu r i t y  t o  measure seed and 

straw yields and other aqronconic t r a i t s .  

Camwn vetch (V. sativa): Twenty-five selections were tested a t  Tel 

Hadya and the results of the ten mt promising l ines  are shown in Table 

5.1.2. H d q e  yield varied f m  1524 t o  2565 kq/ha, grain yield ranged 

from 585 t o  928 kqyha and harvest index from 20.0 t o  31.4%. Common vetch 

was mderately affected by frost. 'Ibe relatively low grain yields and 

harvest index were due to low rainfall ,  because comm3n vetch is adapted 

t o  areas of ra infal l  a b e  350 nun. Also the delay of the f i r s t  rain 

a f t e r  planting delayed the germination. 'I'm prcsnising lines, IFLVS 2485 

and 2506, are characterized by resistanoe t o  lodging a t  maturity and hi* 

grain yields and hamest index. 

Table 5.1.2. Herbage, b io lq i ca l  and seed yields, and hamest index for 
the best 10 selections of camon vetch (V. e) in 
preliminary yield trials a t  Tel Hadya. 

Selection Herbage yield Biolqical  yield Seed yield Harvest 
1mVS ( k s r b )  (ks/ha) (kq/ha) index (%) 

G r a n d  lleana 
S W  + 
LSD (F0.05) 
C.V. (%) 

a ~ean for a l l  25 selections. 



Bitter vetch (V. d l i a ) :  Sixteen selections of b i t t e r  vetch were 

tested a t  Tel -a (Table 5.1.3). Herbage yield varied from 2132 t o  

2814 kg/ha, seed yield ranged from 780 t o  1298 kg@ and harvest index 

fm 25 to 38%. 

Table 5.1.3. Herbge , biological ard seed yields, and seed harvest irdex 
of 16 selections of V. e rvi l ia  in preliminary yield t r i a l s  
a t  Tel Hadya. 

Selection Her!xqe yield Biological yield Seed yield Harvest 
IFLVE (kg/ha) (kg/ha) (kg@) (%) 

Mean 
SEM + 
IS0 (FW.05) 
C.V. ( 8 )  

palaestina: Sixteen selectim were assessed in microplots a t  T e l  

Hadya (Table 5.1.4). H d g e  yield varied f r o m  908 t o  1687 kg@, 

whereas seed yields ranged f m  167 to 462 kg/ha, and harvest M e x  f m  

11 t o  22%. 



T a b l e  5.1.4. Herbaqe, b i o l q i c a l ,  seed yields and harvest index of 16 
selections of V. palaestina in preliminazy yield t r i a l s  a t  
Tel  Hadya. 

Selections M g e  yield Biolqical  yield 
IFLVP (ks/ha) (%ma) 

Mean 1248 1835 
SEN + 149 188 
IS0 (P0.05) 431 542 
C.V. (%) 20.7 17.7 

Seed yield Hanrest 
(kg/ha) index (%) 

Vicia Wrida: Sivteen selections of y. w e r e  tested in 

microplots a t  Tel Hadya (Table 5.1.5). H-ge yield varied from 1840 to 

2199 kq/ha, whereas seed yields w e d  from 273 t o  568 kq/ha and harvest 

index from 10 t o  21%. V. hvbrida is characterized by a prostrate "opact 

growth habit and slow w i n t e r  qmkh followed by rapid spring growth. 

This makes the species suitable for grazing. The low seed yields and 

harvest index were part ly because of larqe seed loss in harvesting due t o  

the prostrate grmth habit of this spx ies .  

Latmmrs sativus: Thirty-six selections were tested a t  Tel Hadya. 

Results of the top se ledions  are shown in  Table 5.1.6. Herbage yield 



Table 5.1.5. M g e ,  biological, seed yields and harvest index of 16 
selecticas of V. hmrida in preliminary yield trials at Tel 
Hadya. 

Selection H e h ? . g e  yield Biological yield Seed yield Harvest 
IFLVH (ks/ha) (kg/ha) index (%) 

Mean 1980 2645 410 15 
SEM L 129 195 33 1.2 
I S D  (-0.05) 381 564 97 3.4 
C.V. (%) 11.3 12.8 14 13.2 

varied from 1262 to 2401 kg/ha with a mean of 1795 kg/ha. Grain yield 

ranged from 332 to 1006 kg/ha with a mean of 602 kg/ha. Total biological 

yield w e d  from 1997 to 3263 kg/ha, and hanrest index from 10 to 34%. 

The common chickling is characterized by slow winter growth, rapid growth 

in the spring and long flowering period. The late rain favored attack by 

pdeq mildew (Erisirhi a) when were forming. 

Eays to flawering and maturity are inprtant seledion criteria. 

Table 5.1.7 shows the correlation coefficients of days to maturity with 

some major characters. In the five 1- species days to 100% flowering 

were significantly correlated with maturity. Seed yields and harvest 

index were significantly and negatively correlated with days to maturity. 



Table 5.1.6. Herbage yield at 100% flaering, biolcqical and seed yields 
and harvest index (%) for the high-yielding 10 seledions 
of common chickling (Idthm sativus) in preliminary 
microplot yield trials at Tel Hadya. 

selection Herbage yield Biolcgical yield seed yield mest 
IFLLS (W/ha) (kg/ha) (kg/ha) index (%) 

Grand ~ e a n *  1795 2623 602 23 
SEN + 132 200 80 2.9 
LSD ?PO. 05) 375 
C.V. (%) 15 

+  rand mean for 36 selection. 

Table 5.1.7. Correlation of days to mturity with other characters in 
four Vicia spp. and Iathm w. 

alaracters 
100% Dry matter Biolcgical Seed Straw Hwest 

S p x i e s  flminq yield yield yield yield index 

Vicia sativa -- 0.754 -0.333 
** NS . - 

Vicia emilia 0.952 -0.401 
** NS 

Vicia mlaestina 0.905 -0.084 
** NS 

Vicia hvbrida 0.951 0.272 
** ** 

sativus 0.891 l a t h W  - -0.705 

* Significant at P-0.05: ** significant at Et0.01: NS= not significant. 



'mese results indicate a clear need to continue the search for early 

maturing geno'qps of the f ive  species, as they w i l l  be able to escape 

drought, which is camnxl late in the season. 

Table 5.1.8. gives the smmary of microplot f ie ld  t r i a l s  in 1990/91. 

W i n g  i n  mind tha t  the feed legumes can be used for  pasture, hay, straw 

and grain produdion, t h i s  sunanary can be of use in  assessing how the 

various species w i l l  f i t  into farming systems. Yield levels of V. 
and I a t h w  s a t i w s  suggest that they could be used by farmers 

who warrt s t r a w  and grain. V. sativa would be r e m e d  for  hay, straw 

and grain prcduction, whereas V. hvbrida and V. palaestina would be 

suitable for grazing because of their  low harvest index and grain yield. 

Table 5.1.8. Paqe of the mjar a t t r h t e s  of fuu feed lqme speceis evaluated in 
m i q l o t  field trials at  lkl Hadya in 1990/91. 

A t t r i b u t e s  

- 

V. sativa V. ervilia V. hvbrida V. mlaestina L. - - 
rays to 100% f l ~ w e r h q  98- 107 97- 108 100 - 109 98 - 110 99 - 120 
Fmst eff& ' 2- 3 1- 2 1 -  2 2 -  4 1 -  2 
nexbge yield (@/ha) 1524-2564 2132-2814 1840-2199 908-1687 1262-2406 
Grain yield (kg/ha) 285- -928 780-1298 273- 568 167- 462 232-1006 
Straw yield (kg/ha) 1696-2254 1660-2590 1881-2510 1100-1760 1386-2673 
HaJXest index (%) 20-31.4 25- 38 10- 21 11- 22 10- 33 

' on a visual scale where 1 = m damage; 5 = all plan& killed by fmst. 

5.1.1.3. Advanced yield trials 

Prcanising l ines  which were pronmted f m  the microplot studies l a s t  

season were tested in advanced yield t r i a l s  a t  Tel Hadya and Breda. The 

relatively low ra infal l  in 1990/91 gave an opportunity t o  assess the  

prumising l ines  for dnx@t tolerance. Pranising l ines  of mly-pod 

vetch were tested a t  Tel  Hadya, and lines of Mlton vetch, m n  

chickling, dwarf chickling and ochrus chickling were evaluated a t  both 

Tel Ham ard Bseda. me f ive  expriments were sown and uanaged in the 

same way as microplot trials except that  the plot  s i z e  was larqer (28  d) . 



Advanced yield trial of moly-pod vetch: Sixteen lines were tested at 

Tel Haciya. There were differences in herkage yield, biological yield, 

4 yield and h e s t  index. H d g e  yield varied from 14116 to 1985 

@/ha and seed yield f m  106 to 238 kg@ (Table 5.1.9). 

Table 5.1.9. H&ge yield at 100% flowering, biological, and seed 
yields and harvest index for 16 pranising lines of V. 
a subsp. dasvcan=a in advanca3 yield trials at Tel 
Haw. 

Lines Herbage Biological Seed Hazvest 
IFLW yield yield yield inrlex 

(@/ha) (KI/ha) (KJ/ha) (%) 

Mean 1643 1770 156 8.8 
SPI + 180 163 25 1.1 
LSD (Et0.05) 521 471 72 3.9 
C.V. ( 8 )  19 16 30 21.7 

Harvest index was very low (6 to 12%). Generally, seed prduction 

is low in this species because of high flower drcp h e  to high 

tempmtures during the reproiuctive period. Seed yield was 

significantly negatively correlated (~0.537, P<0.01) with days to 100% 

flowering, but there no association (F-0.200) between herbage 



prxluction and days t o  100% Elawering. Wooly-pod vetch is a frost- 

tolerant species and it is also resistant t o  brcomrape (Orobanche 

amata). Developing early flowering and early maturing varieties of 

this species may result in  increased seed yield. 

ndvanced yield trials of mrkm vetch: Ekpriments were carried cut t o  

assess promising liw of h n  vetch a t  Tel Hadya and Breda (Table 

5.1.10). Yields w e r e  greater a t  Tel Hadya than a t  Breda, the respective 

mean b io lq i ca l  yields being 3724 and 1237 kg/ha and the mean grain yield 

being 1929 and 677 kcj/ha. Harvest index was also greater a t  Tel Hadya 

than a t  Breda (35 vs. 33%) , reflecting the differences i n  to ta l  seasonal 

precipitation a t  two locations. 

?dvaucd yield trials of mrmDn chickling: Sixteen promising l ines  were 

tested. Herbage yield varied from 1427 to 1707 kg@ and 732 t o  1993 

kg/ha a t  Tel Hadya and Breda, respectively (Table 5.1.11). Yields were 

greater a t  Tel Hadya than a t  Breda, except for  grain yield. Harvest 

index varied from 7 to 17% and 16 to 38% a t  Tel Hadya and Breda, 

respectively. Caman ch i ck l i q  l ines  were only sl ightly affected by 

f r c s t  a t  both sites, and the l a t e  se~on rain favored the a- of 

the pw3et-y mildew (ErisiDhi &) a t  Tel  Hadya a t  pod formation and pod 

f i l l ing  stages. 

Advaxad yield trials of dwarf chickling: Sixteen promsing lines were 

tested. A t  Tel  Hadya, herbage yield varied from 1977 to 2383 kg/ha and 

a t  Breda from 1336 t o  2870 kg/ha (Table 5.1.12). In the nature crop the 

grain yield varied E m  359 to 611 kg/ha and 582 t o  824 kg/ha a t  Tel 

Hadya and Breda, respecitvely. Generally, dwarf chickling pnduced m r e  

seed and s t r a w  than cormran chickling a t  both locations. The differences 

tetwesm the two sites were less for  dwarf chickling than fo r  the other 

two chickliq species, probably W u s e  it flowered ear l ier  and was not 

affected by frost .  The high yields of dwarf chickling a t  Breda my 

indicate better drmqht tol-. 



Table 5.1.10. Biolcgical and grain yields and harvest index of p h s i q  
l ines of narlmn vetch (y. rxxbnensis) grown a t  Tel Hadya 
(M) and Breda (B) in advanced yield t r i a l s .  

Biological yield G r a i n  yield Harvest index 
L h e s  (kcrma) (kahal ( % I  
IFLVN m B M B m B 

Mean 
S W  + 
LSD(&O. 
C.V. (%) 

Advanced yield trials of ochw chickling: In the 1987/88 season, which 

had mild w ld ,  ahrus chickling p&& the highest seed and straw 

yields of a l l  the feed legmes because of its earliness and its 

resistance t o  brcauape ( o r c h m z h e  w). 'Ihe 1988/89 ard 1989/90 

seasons gave an opportunity to test the reaction of this species to the 



Table 5.1.11. WDage, biolcgical ard seed yields and hamest irdex for 
16 promising lines of c m m x  chickling gmwn a t  T e l  Hadya 
( and Breda (B) in a d v h  yield t r ia l s .  

Lines Herabge yield Biolcgical yield Seed yield Harvest index 
IFLLS O m m a ) o o o  

'ln B 'IH B m B 'IH B 

Mean 1702 
SEW * 102 
ISD(F4.05) 301 
C.V. (%) 11 

cold, which w a s  severe. In that seam a l l  ochms chickling selections 

were severely damaged by frost, which mxkedly rechmed their total 

biolcgical yield and grain yield. Plants that survived the cold were 

selected for further tests i n  1990/91 in the form of admncd yield t r i a l  

of 16 entries. Total biolqical  yield varied from 1833 to 2354 kg/ha and 

f m  167 t o  892 kg/ha, a t  Tel Hadya and Breda respectively (Table 

5.1.13). Grain yield ranged f m  283 to 519 a t  Tel Hadya and from 47 t o  

247 kg/ha a t  -. Ochrus chickling is resistant t o  Ombanche crenata, 
and is early f l ~ i n g .  It can, therefore, be an ideal legwe for 

Orobmche-infested areas. 



Table 5.1.12. Herbage, biological and grain yields and harvest irdex fo r  
16 lines of dwarf chickling (Iathvrus a), grown a t  
Tel Hadya (TH) and Bseda (B) in advanced yield t r i a l s .  

Lines Herbage yield Biological yield G r a i n  yield Harvest 
IFLLC Okqhal Iks/ha) ( k q m '  index (%L 

m B m B m B m B 

Mean 2122 1673 2788 1819 535 680 19 37 
S W  + 126 371 108 99 46 38 1.3 2.3 
LSD (P0.05) 326 992 317 290 135 112 3.8 6.8 
C.V. (%) 28 20 16 21 15 22 12 11 

Table 5.1.14 is a swanary of the ad- yield t r i a l s  in 1990/91, 

a t  Tel Hadya and Breda, for three chickling s w i e s  and one M n  vetch. 

The susceptibility of ozhrus chickling to f ros t  is clear ard men 
ra infa l l  is telow 300 m, its yield decreases. It has also the lowes t  

seed and straw yields a t  Breda. For these reasons, it is m e d  

only for regions w i t h  mild w i n t e r  unt i l  new geno++p=s with f ros t  

tolerance are  available. Dmrf chickling an3 mnmon chickling prcduced 

h i m  grain and straw at both sites; therefore, they are r-ed for 

pro3ucing grain ard s t r a w  in dry areas. Under Breda conditions the 

average grain yield of M n  vetch was 677 kg/ha and straw yield 1252 

kg/ha. These characters make it a suitable crop for prxducing winter 



Table 5.1.13. ~ io lcgica l  and grain yields and harvest index of 16 lines 
of whms ch ick l iq  (xathw OChLUS) grown a t  Tel Hadya 
(m) and Breda (B) in  advanced yield t r ia l s .  

Biolcgical yield Grain yield Harvest index 
Lines Iks/ha) lkcrmal (%) 
IFLU) m B m B 'III B 

Mean 
SEN t 
LSD TP4.05) 
C.V. (%) 

stoclcs of straw and grain t o  feed sheep. It dces not lcse its leaves 

following frost like whms chickling. It is also resistant t o  bird 

damage a t  the seedling stage, an attribute which is a major advantage in 

establishing a good plant population. I t  is also easy t o  establish 

because of its l a q e  seeds ard can be sown deeper a t  lower t o  soi l  

moisture than other 1 9  species. 

5.1. I. 4. Feed legunes genetic impm-t 

Breeding m n  vetoh for ncorshattering character: Loss of seeds from 

maturing pods of common vetch wnstitutes a serious economic problem and 



Table 5.1.14. Average of major a t t r i tu tes  of fcur feed lqUm species 
grown a t  Tel ~adya and Breda in advanced yield t r i a l s .  

Attributes Narton ~aannon Lwarf Oduus 
vetch chickling chickling chickling 

Tel Hadya 

~ r o s t  effect' 1.0 1.6 1.1 3.5 
cays t o  maturity 148 159 152 135 
G r a i n  yield (!q/ha) 1237 310 535 386 
straw yield (kg/ha) 2487 2122 2253 1428 
Harvest index (%) 33 12 19 21 

m a t  effect  1.1 2.0 2.5 4 . 1  
mys to mtur i t y  145 143 145 130 
G r a i n  yield (kq/ha) 677 343 680 149 
Straw yield (@/ha) 1252 991 1139 397 
Harvest index (%) 35 25 37 26 

' Gn a visual score where 1 = no damge: 5 = nearly killed by frwst. 

severely restricts the use of the species as a feed 1- crop to 

replacs fallow in  cereal-fallow rotation. ?he common vetch gmwn in 

fallow lands causes severe "vetch weed" pmblems in s w a t  cereal 

crops. Also, pod shattering makes harvesting t k  critical and increases 

harvest costs. 

Work was init iated in  1983/84 to screen a large nunhx of cmmwn 

vetch gemplasm accessions for non-shattering pads. Screening was done 

f i r s t l y  under norm1 f ie ld  conditions and plants w e r e  left in the f ie ld  

during July when intmse sumix heat was conducive to pod shattering. 

Visual scoring was done using a 0 to 5 scale (0, non-shattering; 5 about 

95% shattering). Selected genotyp.?~ having non-shattering pods were 

tested again in the greenhouse where the intense m heat amentuated 

pod-shattering even mre than what oocurs in n o m l  f ie ld  ccolditions. 

Scoring done during July revealed that  selections IFLVS 1361, 1416 and 



2014 were most prmnising, but these accessions were associated with 

undesirable traits such as late flowering, late maturity and low herbage 

yield. 

Crosses were therefore made between those non-shattering genotypss 

and three promising lines (IFLVS 2650, 716 and 715) but with high 

proportion of pod shattering. In the F2 plants non-shattering was 

observed to be controlled by single dominant gene. The F, plants were 

successfully backcrossed to the shattering parents to reconstitute plants 

with q l e t e  non-shattering, early flowering, early maturity, erect and 

non-lodging growth habits. 

Five superior families were selected from PC,+: IFLVS (NS) 2565, 2558, 

2014, 2557 and 1448. These will be distributed to national pmgrams for 

further testing in different agm-calogical zones. 

Studies on the hybrids among V. sativa subsp. satiM and V. sativa subsp. 

amhi-: Species and shpecies hybridization is an inpartant aspect 
in feed 1- breeding to recmmbine useful genes carried by the parental 

species or subspecies. Results of the last two years indicated that the 

ability of und- vetch (v. sativa subspecies amhicarpa) to produce 
both aerial and und- pds increases its winter hardiness, drought 

tolerance and persistence under heavy grazing. m e  disadvantages 

corulected with underyrmml vetch which may limit its utilization are the 

low rate of vegetative growth, shattering of abov€gmurd pods and the 

depxdmce of aqhicarpy an edaphic canjitions. In contrast, the cormnon 

vetch V. sativa subsp. gmws well under favorable conditions but 

is not cold and dmught tolerant and there are some lines with non- 

shattering pods. 

To increase the productivity of undergram3 vetch and to i q m e  the 

drought and cold toleram of the ononon vetch, work was initiated in 

1989/90 to combine specific charaderr frum the two subspecies, to study 

the mn-ptability between them and to obtain variability from the 

intraspecific crosses. crosses were made between Vicia sativa subsp. 



amhi- selections 2416 and 2660 originating from 'Turkey and V. sativa 

subsp. &j=yg (mn-shattering InVS 2568 and 1448). Gene markers such as 

pod, seed, flower and straw colors were used to elbinate F, pods which 

might develop from selfing. 

F, plants were grown in 1990/91. The high vigor was claxly observed 

in the F, plants carrying few und- pods. Selection will be carried 

out from F? onwards for two of plants: Vicia amhicam with 
v i g o m  abwegrmd growth and 41. sativa with cold and drought 

toleranoe. 

5.1.2. Rotation Trial: Barley Yields after Vndergrmmd Vetch (V. satiM 
subsp. amhi-): Underground vetch was grown in 1989/90 in large 

plots (100 d) , replicated three times, and all& to be grazed by sheep 

at the end of February, end of March and en3. of April. Plots were also 

left without grazing along with kcley plots. The productivity of this 

vetch was determined and the amounts of underground seeds under each 

grazing treatmmts were estimated. 

In 1990/91 season, barley variety Atlas 46 was planted after 

undeqmud vetch on the same plots and also after the barley plots of 

1989/90 season. Ixlring the barley phase the seed bank of undeqmud 

vetch was monitored. 

Table 5.1.15 shows the grain and total biolqical yields of barley, 

and seed banks of undeqmund vetch at the beginning and the end of the 

barley phase. Barley after barley pmduced significantly less yields 

than barley grown after undezqmund vetch. Grazing of underground vetch 

had no effects on the pruiuctivity of barley. Early grazing of the vetch 

greatly affected the yield of urdeqrmrd seeds. Seed banks varied from 

32 kg/ha for February grazing to 218 kg/ha withcut grazing. The 

difference in the vetch seeds found huried in the soil at the beginning 

and at the end of barley phase would give an indication of gemination 

and hadsed&ness of buried seeds during the barley phase. 

Ali AM El Moneim 



Table 5.1.15. &ley yields (kg/ha) after undergmund vetch V. sativa subsp. amhi-, grazed at  
different dates in 1989/90, ocsnpared with barley, after barley and seed banks at  the 
beginnkg and a t  the end of 1990/91 ssazan. 

1989/90 season treatnmts 
V. s a t i n  subsp. mi- Earley 

Grazed in Grazed in Grazed in No grazing SE LSD 
February March April + (Eto.05) 

ij 
Seed yield of barley (kg/ ha) 1966 2035 1925 1909 1599 98.0 227.0 

Total biological yield of 
barley 

Seed hnk of V. sativa subsp. 
amhi- at  the start of 
1990/91 SedSon (m) 50 130 160 240 - 27.8 75.1 

Seed hnk at  the end of 
1990/91 seascol (kg/ha) 32 95 141 2 18 - 34.7 85.1 



5.1.3. m r q e  ~egune ~atholcqy 

Resistance to mjor stem and leaf diseases is one of the selection 

criteria for developing praiuctive forage legumes. In 1990/91 season, 25 

pdsing lines of narkun vetch, 16 of wmly-pod vetch, and 16 each of 

ammn chicklirq, dwarf chicklirq and ochrus chickling were tested uder 

artificial ephiphytotic conditions. Screening for resistance to pw&q 

mildew (Ervsiuhi uisi f .sp. m) , downy mildew (Pemmxwra a), 
Ascmhyta leaf-spot and stem blight (Ascc&vta & f.sp. viciae) and 

mtrftis blight (Botrvtis cinera) was done with the two Vicia spp. 
Powdery mildew (Ervsiuhi martii f. sp. m) , downy mildew ( ~ ~ r a  

trifoliom), Ascxchyta blight (Ascxchvta & f.sp. m) ard 
Botrytis blight (Botnrtis w) were the diseases for which the three 
chickling species lines were evaluated. A 5-pint scale was used: 1 = 

resistant, 5 = h i m y  susceptible. 

Table 5.1.16 shows the reaction of n&n vetch and wmly-pod vetch 

lines to mjor di~ea5e5. None of the tested lines auld be rated as 

resistant: however, most of the lines were imdsrately resistant or 

tolerant. 

F e m l t s  on Lathvrus spp. in Table 5.1.17 meal& that saw lines 

were imdsrately resistant or tolerant. Lathnus SatiMlS lines were 
highly susceptible to pdery mildew (11 lines) and d y t a  blight (8 

lines). More -is will be given to identify sources of resistance to 

these two diseases. 

5.1.4. Nematode Studies 

Surveys carried out wex the last 5 years revealed that mt-)omt 

-tale (Meloidoqyne artiella Ranklin) and cyst m t &  (Heterodera 

cioeri Volvas, Greco, et Di Vito) attack the rmts of Vicia spp. and 
Lathvrus spp. merefore, a new objective in our breeding program is to 

search for m t a l e  resistance in Vicia spp. and Lathvxus spp. am3 
inmrprate this resistaxe in pranising adtivars. 



Table 5.1.16. M i o n  of 25 narkan vetch and 16 mly-pod vetch l ines 
t o  mjor diseases d e r  ar t i f i c ia l  conditions. 

Diseases 
rrapsandscores* Asccchyta m y  M e r y  mtqt i s  

blight mildew mildew blight 

Nartam vetch 
1 

wc01y-pod vetch 

* 1 = Resistant: 5 = Hi-y susceptible. 

In the 1990/91 season 25 lines of narkon vetch and 16 each of m l y -  

pod vetch, cormoon chickling, dwarf chickling and c c h ~ ~ ~  chickling were 

tested for  resistance t o  cyst and root knot nematodes Wer natural 

mnditions i n  a heavily infested field where the averaqe n m b r  of cyst 

nematde was 35/100 g soil and of second stage juveniles of root-knot 

nematcde was 1065/100 g soil. meSe levels are ideal for meening for 

both kinds of nem3todes. 

Reconfirmation was done under ar t i f i c ia l  conditions i n  the plastic 

h- using the infection rate of 200 eggs of qst m t d e / g  of soil and 

20 second stage larvae of root-knot nemtode/g soil. Seeds were sown in  

earthen pots w i t h  six replicates of each l ines ard 3 plants/@. A t  100% 

f l m i n g  the plants were uprmted, rmts vrere carefully washed and the 

density of nemtodes measured on a 5-pint scale: 1 = no galls,  



Table 5.1.17. Readion of three chickling species lines to major 
diseases under artificial infection. 

Diseases 
cmps and smres* kcmhyta Downey Wery Botrytis 

blight mildew mildew blight 

* 1 = Resistant; 5 = highly susceptible. 

(resistant); 2 = light galling (derately resistant); 3 = derate 

galling (tole-) ; 4 = extensive galling (mptible) ; and 5 = very 

extensive galling (highly susceptible). 

Results (Table 5.1.18) revealed that none of the accessions of 

Mlton vetch ard wooly-px3 vetch showed resistance to both nematdes. 
However, most lines of Mlian vetch were moderately resistant to m t -  

knot mtode, and 21 lines were susceptible to highly susceptible to 

cyst nematcde. All the tested lines of wooly-pod vetch were moderately 

resistant to cyst m t c d e  ard 14 lines were also moderatley resistant to 

rcot-lawt mtcde. 



Table  5.1.18. ~ c t i o n  of h n  vetch and wmly-pod vetch lines to mat  
lawt and cyst nem3tde.S. 

Crop; and soore* Nematdes 
Root-hot clrst 

NO. of lines 
Nartrm vetch 

1 0 
2 13 
3 11 
4 1 
5 0 

* 1 = resistant: 5 = highly susoeptible. 

Results on chicklings indicated that none of the lines of the three 

chickling speceis showed resistance to root-knot and cyst neamtode (Table 

5.1.19). ~cst lines of the three chickling species were moderately 

resistant to root-knot nematde. In a m t r a s t ,  cyst m t d e  attacked 

most of the lines of caman chickling and dwarf chickling. hphasis will 

be given to screen larger nw33er of lines for resistance to cyst nemtode 

in Iathvrus spp.  
Ali AM E l  M m e b  

5.1.5. Crop Physiology 

5.1.5.1. Qpsrth, develgment, yield and water use efficiency of food and 

feed leguae cmps 
Grcwth, developrent, yield, and water use efficiency (WE) of cool- 

season fca3 and feed 1- cmps were studied for relative differences 



Table 5.1.19. Reaction of annmn chickling, dwarf chickling and ochrus 
chickling lines to mat knot and cyst mtcdes.  

NO. of lines 
Connran chicklinq 

1 0 0 
2 15 0 
3 1 3 
4 0 10 
5 0 3 

* 1 = resistant; 5 = highly susoeptible. 

between crops and varieties. Ihe objective was t o  develop a better 

urderstan3ing of the most favorable and synergistic d i n a t i o n s  of crop 

ard - of climate. Such b l e d g e  is useful in identifying 
a~pmpriate  crops and crqping system for m i n w m ,  stable and 

sustainable exploitation of the limiting available resources for 

pmiwztion. Infomtion on sare of these and other related aspects is 

available in literature for irdiviciul f d  1- crops such as 

chickpea, lentil, faba bean and pea. Howeyer ,  the available infomtion 

can not be used for studying relative differences in adaptation and 

performance a- crops because of the ham strong genotype x 



envirument interactions in cool-season fccd legume crops. -plating 
results of ~~ comiuckd a- very dissimilar conditions would 

te ina-te and axld even be misleading. In the case of feed legume 

crops very little information has been published on these aspects. we 
therefore studied growth, devel-t and yield formation in two 

varieties each of eight lquws, four fccd and feed legume crops. 

This e x p e r m  was conducted in a split-plot design at Tel Hadya 

farm. The eight legume crops were randomized in the min plot and the 
two varieties of each in the sub-plots. Crops and the abbreviations of 

the gemtypes (used for convenience of reference) are listed in table 
5.1.20. Ihe treatments were replicated three times. The ~ ~ p s  were 

gmwn at o p t h  row spacings and seed rates recmen3ed for each crop. 

Hand sowing was done on 18 Cec 1990 and a unifonn irrigation of 30 

nun was applied by sprinkler irrigation on 20 Jan to facilitate crop 

establishment. Rainfall until middle of March continued to be deficient 

(164 m in 1990/91 aanpared with 212 nun in 1989/90 and 258 nun the loq- 
term average). Wide fluctuations in Impratwe, both m h ,  and 
ninimm ccmrred in March. Open pan -ration and the m h  

tenprahues corranenced to rise in Ppril. By middle of May the 
a-eric cwponent of drought increased with the daytime teqeratures 

rising to 30°C and abwe and open pan evapration values ranging between 

10 and 12 nan/day, acmopanied by strong winds (wind run/day in the first 

fortnight of m y  was 273 + 28.8 Ian, reaching 600 km on some days, 

a m p r e 3  with 161 + 26.7 Ion in the last week of April) forcing crops to 

mture wer a relatively short pericd of time. 

A close correlation (t = 0.81, -16) between seed size and. time of 

emergenae was obsmed acmss fccd and feed legume crops. Emergence of 

feed l q m m  crops was faster than the fccd legumes (Fig. 5.1.2). 

Fate of water uptake by the seeds was studied in a laboratory 

aprimerrt  at a constant tfxpxature of 25' C. It showed a linear 

relationship for all the crops and their geno'qp?~ during the first llh. 



Table 5.1.20. Days to v e n c e ,  flowering andmaturity in four fccd and 
feed lqum crqs on calcic l?hcdoxerol, Tel  Hadya, 
1990/91. 

Varieties Days fmsowins to 
q e n c e  flming mturity 

mi* (8) v1 ILC 482 40 118 159 
V2 ILC 3279 40 125 159 

Lentil (Len) V1 ILL 4401 37 116 147 
V2 ILL 4400 36 115 149 

(=a) V1 Acc. N0.21 39 118 137 
V2 Acc. N0.51741 39 112 14 0 

Faba bean (FB) V1 ILB 1811 46 99 160 
V2 ILB 1814 46 98 160 

Feed 1- 

Vicia sativa (vs) Vl Acc. No.2541 36 117 139 
V2 Acc. No.715 36 122 144 

vicia narkonensis V1 Acc. No.67 41 109 136 
(Vn) V2 Acc. N0.120 41 113 140 

Vl-ch ~11- SSP. V1 Acc. NO. 683 35 114 150 -- - 
dasycar~a (wd) V2 Acc. No. 800 35 116 153 
Lathylus sativus V1 Acc. No. 347 38 108 148 

V2 Acc. No.3 38 107 157 

S.E. (+) 
L.S.D. (m.05) 

of incubation. The rate of uptake of water was nost rapid for faba bean 

> chi- > dry peas > Vn (Table 5.1.21). Varietal differences in water 

uptake betwem the two varieties of each crop studied were nonsignificant 

for 8, Vvd and Vs. &mica1 constituents of seeds were a~lyzed to 

relate water uptake of seeds (Table 5.1.22). In the feed 1- aops 

protein content was high, but soluble sllgars and star& were low. Across 

the fccd and feed legwe rrqs stcdied, fat content was the highest in 

chi*: potassium content was hiqhest in faba bean follmd by 

chi*. When water was not limiting, water uptake acmss food and feed 
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Figure 5.1.2. Relationship ktween seed size and seedling emqence in 
days after sowing (DAS) in eight food and eiqht feed 
legumes on a calcic Rhcdoxerol, Tel Hadya 1990/91. 

Table 5.1.21. varietal differences in the -ion estimates of the 
inkrrept (g water/lO seeds) and slope (g water 10 seed,%) 
12 and residual mean of squares (m. s. ) for a linear fit, in 
focd and feed 1- craps. - S l o w  

(-T Variety estimate +S.E estin'ate S . E .  t Resiciual 
m . s .  

L e n t i l  IU 4400 -0.025 0.033 0.0499 0.0043 84.3 0.00393 
ILL 4401 0.022 0.033 0.0256 0.0043 

Faba bean ILE 1811 0.413 0.408 0.4477 0.0529 97.8 0.5883 
IIB 1814 0.499 0.408 1.5153 0.0529 

Cont 'd .  



V.V. spp. - - 683 
dasvcarm 800 

Vicia S a t i v a  7 1 5  
2541 

V. rabmemis - 67 
120 

lathvrus sativus 3 
342 

Table 5.1.22. Moisture, protein, P, K, f a t ,  soluble sugars, am3 star& 
content of fccd and f e d  legmw crops grown on a Calcic 
Rhdoxeralf, Te l  Hadya, 1990/91. 

Moisture protein P K Fat Soluble Starch 

ICC 482 
ICC 3279 

Lentil ILL 4400 
ILL 4401 

Faba bean 

V. sa t iva 

v. 41. ssp. - 
dasvcarm 



1- crops was positively and very stmngly correlated with the seed 

size, l~ss and volume, and with the potassium content of seeds (Wle 

5.1.23). Relatiowhip with P was nonsignificant. Armrq the organic 

metabolites, relationships with sugars and pmteins were relatively small 

but of similar n'aqnitude, being positive for sugars and negative for 

proteins. Relationships with fat and starch content were negligible. 

The relationship of seed potassium content with water uptake is of 

significant value, provided the relationship is mintdined even under 

waterlimiting conditiors. It would enable selecting genotypes with high 

K content of seeds for ii-proving plant stard establishment umkr limiting 
seed k3 moisture of rainfed wnditiors. 

Table 5.1.23. Correlation betwesn rate of water uptake and sans physical 
prameters, chemical constituents by seeds across fwd and 
feed 1- crops (n-2= 14). 

Seed characteristics Correlation coefficient 

100 seed weiqht 
seed VOlum2 
K (%) 
p (8) 
Soluble sugars (%) 
Starch (%) 

* Siqif icant at P 5 0.05 
** Siqificant P < 0.01 

Differences in early crop growth rate, between 12 and 21 days after 

emergenoe, were large and very closely correlated with the seed size 

(Fig. 5.1.3). ?hese differences continued to be significant up to the 

period of rapid see3 developrent. Difference in m during the m t  

rapid perid of seed filling ac#xmt& for nearly 25% of the variation in 

see3 yield, across crops am3 varieties. Crop growth during the terminal 

period of seed filling was most rapid, the period during which the 
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Pisure 5.1.3. Relationship between seed size (g/100 seeds) and ~ o p  

qrcwth rate (OW = q/pl /week) across 8 fccd and 8 feed 
1- species between 12 and 21 days after emq'ence. 
ICARDA, 1990/91. 

differences betwen crops and gemtypes were minimized ard !xcae 

nonsignificant. Soon after a large decline in OW wcund for mst of 

the crops. 

Flowerirq cormnenced in faba bean first, the ~ o p  which was last to 

emerge (Table 5.1.20). Differences in time of flowering of crops were 

large, but were MlroW for maturity (Table 5.1.20) . Overall, the seed 

yield, shoot mass, and harvest index (Table 5.1.24) were low. Ranking of 
the various: crops (mean of the two varieties) for these three characters 

was as follows: 

Seed yield 

Total biolcgical yield V n I s C P V s V v d F B  L e n -  

Harvest index 
- 
F B V n C P L e n P e a  v s n  



Highest  total biological and seed yield was recorded in the two 
varieties of Vn. Seed yield in ILC 482 chidqea was similar to Vn. 

Genotypes w i t h i n  a cmp d i f f e r e d  i n  seed y i e l d ,  except for pea and Vvd 

(Table 5.1.24). On the other hard, total b i o l o g i c a l  yield was similar, 

Table 5.1.24. D i f f e r e n c e s  in seed y i e l d  (SY) and total b i o l o g i c a l  yield 
(IBY), kg/ha, and harvest irdex (%)between focd and fsed 
legume c?qx and varieties w i t h i n  a crop species. T e l  
Hadya, on calcic Rhodoxerol, 1990/91. 

SY ika/hal TBY Ilm/ha) Hatvest indexl%l 
cmPs Varie ty  rrops V a r i e t i e s  anps Vaneties Qops 

Lentil 644 2492 26 
Syrian kcal (small)  805 2530 32 
Syrian l o c a l  ( l a rge )  483 2453 20 

Pea 466 1950 24 
Ax. No. 21  484 2267 21  
SV 51741 448 1634 28 

Faba bean 886 2534 35 
Syrian Lccal  (small)  802 2183 37 
Syrian Lccal ( l a rge )  971 2885 34 

Vic ia  s a t i n  630 
Acc No. 2541 745 
Acc No. 715 514 

Vic ia  narbmmis 1283 
Acc No. 67 1433 
Acc No.120 1133 

Vic ia  v. ssp. dasvcarm 416 2706 16 
Acc NO. 683 350 2679 13 
Acc NO. 800 481 2733 18 

l a t h v r u s w  646 3224 20 
Acc No. 347 517 3163 1 6  



i n  general, except for  the twc genotypes of FB. lhe larger seeded 

genotype (ILB 1814) p m d  higher shoot mass (Table 5.1.24) . 

Differences in seasom1 evaptmnspirat ion loss  of s o i l  moisture 

were nonsignificant between the cmps but the  differences in WE between 

crops w e r e  large and significant (Table 5.1.25). Vn and Is had the 

highest WE fo r  to ta l  b i o l q i c a l  yield ard Vn the highest WE fo r  seed 

yield. 

Table 5.1.25. W a t i v e  evaptrampiration (mn water), shoot mass and 
seed yield (Kg/ha) , and water use efficiency (Q/m w a t e r  
used) of shoot mass and seed yield i n  four fmd and feed 
legwg crqs, on calcic Rhodoxeral, Tel  Hadya, 1990/91. 

SY TBY ?it WUE 
(kg/ha) (k9/ha) (mn) ( ~ / r m n l  

SY TBY 

V. &mis (#67) 
Qli- (ILC 482) 
Faba bean (ILB 1811) 
Lentil (ILL 4401) 
V. sat iva ( #  2541) 
Idthy satins ( #  347) 
Pea (#21)  
V.V. dasyc~pa (#683) 

S.E. Of mean 
LSD (e0.05) 
C.V. 

V a r i a r a  r a t i o  
Significance 

* Significant a t  P = 0.05, 
** s i g n i f i c a n t a t P = O . O l ,  
NS = Not significant 

Early season dxKqht was fa i r ly  severe i n  the 1990/91 season a t  Tel 

Hadya. Rainfall was deficient  by 36%, mnpared w i t h  the  noml  up t o  the 

time of the  f i r s t  f larering i n  faba bean (164 mn vs 258 mn, the long-term 



average). One reason for the low p t e n t i a l  productivity of hoth shoot 

mass and seed yield could be the shorter QOP grayth duration caused by 

both delay i n  planting and a subseqwrrt delay of 35-40 days i n  emsqence 

of the cropj ( W l e  5.1.20) . Also, crops were forced to mature because 

of a rapid change in weather corditions during terminal crop growth 
stages. Under the characteristic pattern of drought tha t  prevailed 

during 1990/91 season, Vn was the bgt of the f c d  and feed legwe crops 

studied fo r  both TBY and seed yield. I t  was  also the most efficient user 

of water .  Ls was the secon3 best i n  TBY but poorer i n  seed yield 

oconpared w i t h  chi-. 

N.P. Saxena and M.C. Saxem 

5.1.6. Im?e& Pests 

No detailed s w e y  wuld be done but the crops a t  Tel Hadya w e r e  

mnitored. Aphids developed on Vicia villosa ssp. dasvcam and nalules 

of spp. and lathvrus spp. were damaged by Sitona larvae. Armyworm 
( S m d m  exisua) was reported to be causing severe damage to Vicia 
villosa s s p .  daw- in Baluchistan. 

6. weigand and Ali AM El Moneim 

Tne pea resex& a t  ICARaA was init iated in  1986/87. ?+s extensive 

varietal  irpmement work is being done on peas a t  a n m b r  of 

insti tutions in the developing and developed countries we intend t o  

capitalise on this research, instead of running our own breeding prcgram, 

to identify dry p.?a cultivars adapted t o  the farming system of WWA. 

cXlr work is wrcentrated in the following areas: 

I. Collecting enhanoed genip lasq ld t ivars  f m  the institutes working 

on dry pas in developed and developing countries and testing them 

a t  ICAROA to identify superior l ines for evaluation by the national 

Fargrams in m. 
11. Developing suitable prcxiuction technolqy and its transfer to the 

~ t i o n a l  prcgrams for testing and adaptation. 



5.2.1. Gemplasm Collection and Evaluation 

Seventy-two accessions (hereafter r e f e d  as  Acc No.) obtained from 

various inst i tut ions along with 3 mp?ated checks (Acc No. 223, 224 ard 

225) were evaluated a t  Tel Hadya in an a-ted block design. Ihe data 

were recorded on various phenolcqical ard mrpholcqical characbxs. Time 

taken to f i r s t  flower ranged from 76 days for  Acc No. 413 to 104 days for  

Acc No. 448: time taken from sowing t o  maturity ranged from 118 days for  

Acc No. 440 to 132 days for  Acc N o s .  380, 383, 402, 412, and 447. ?he 

plant height ranged f m  22 an for  Acc Nos. 393, 426, and 448 t o  49 an 

fo r  Acc No. 49. Seed yield varied from 0 to 1365 kg/ha. l h e  highest 

yielding twenty entries are given in Table 5.2.1. 

Table 5.2.1. Seed yield, Mjusted seed yield, days to f l a e r i n g ,  days to 
maturity, plant height, hamest iKfex and leaf t y p  of 20 
highest yielding lines in pea germplasm evaluated during 
1990/91 a t  Tel Hadya. 

Acc No. 
yield Adj.  YLD 

Days to Plant 
Flowering Maturity height 

mest Leaf 
index type 

Range 0-1374 0-1025 72-98 118-132 22-49 0-0.5309 

SL = Semi-leafless, C = Conventicolal. 



5.2.2. Cold Tolerance 

Four hundred and forty test entries grown on 1 N o v m h r  at Tel Hadya were 

evaluated for cold tolerance on 1-9 scale (1 = free of damage, 9 = 

killed). A total of 136, 262, and 42 accessions tcok ratings between 2- 

3, 4-6, and 7-9 respectively. S h  the effect of cold was not severe 

this season h b e c  of delayed xrwing in November these lines will k 

rescreened while planting in October for reconfirmation next season. 

5.2.3. Preliminary Yield T r i a l  (PPYT) 

Forty-eight superior entries selected fmm the gemplasm as well as the 

Preliminary Yield Trial (PFfT) of 1989/90 were tested during the 1990/91 

season in PFfT at two locations, Tel  Hadya and Wriml. Tne germination 

was extremely poor at both locations and the trials were discarded. 

5.2.4. ~ e a  International Adaptation Wal (PIAT) 

Ttenty-three entries selected fmn PPrP ard PIAT condubed during 1989/90 
along with a local check ocrmprised the PIAT. The trial was conducted at 

Tel Hadya and Jindiress in Syria, and Terbol in LebaMn. 'Ihe ANOVA for 

seed yield revealed that 3 entries at Tel Hadya and 17 entries at Terbol 

excelled the local check by a significant margin (Table 5.2.2). On the 

basis of average over locaticols the five best-yielding entries included 

E102702, PS 210713, Local Sel 1690, Maitland and Wirrega. entries 

FS2106588 and FS510699 were earliest to flower (90 days f m  xrwing) and 

Elaitland was latest to flower (107 days). The plant height rarqed f m  

42 an (for SV51741) to 63 an (for ILP56). 

5.2.5. Response of Pea Cultivars of Different Leaf Morphology to varying 

Plant Population and Moisture Supply 

-me of four dry pea lines of different leaf morphology to three 

population levels was studied under rainfed and supplementary irrigation 

125 m corditions at Tel Hadya. misture su~ply was in the minplots and 

the ambination of genotypes and plant population in subplots. The 

genotypes included a semi-leaflets type (Acc. No. ll), a cnmtional 

leaf type (Acc. No. 10) , a small leaflets type ( 'FTq~3tt.a') and a leaf- 

less type ( 'Filbyl ) .  Population levels were 36, 50, and 80 plants/&, 



Table 5.2.2. Mean seed y i e l d  (YIBkg/ha) and rank (R),  days to flmering ( D m ) ,  days t o  m t u r i t y  (CMAT), 
p l a n t  h e i a t  ( m )  , and harves t  index (HI) of entries a t  T e l  Hadya, Jindirw and Terbol in 
FTAT-91. 

htry Name Svria Lebanon Mean over l o c a t i o n s  
T e l  Hadya Jindiress 'krbl YID R DRR CMAT PIHT HI 
YLD R YID R YID R 

Syr ian Local, Alepp 528 17 1000 15  1612 1 1046 10 105 145 55 0.396 
Local Sel 1690 713 4 1472 7 1602 2 1262 3 104 146 59 0.400 
misson 361 24 1046 14 1263 12 890 18 93 141 46 0.452 
SV 51741 602 12 861 20 1020 21  828 21  99 143 42 0.427 
B a l l e t  528 16 880 19 975 23 794 22 96 143 44 0.436 
JI 238 454 22 1667 4 1087 17 1069 8 101 144 58 0.380 
MG 101197 537 15  1741 1 1205 13 1161 7 102 145 60 0.445 
MG 102369 633 9 759 24 1155 14 849 20 94 143 56 0.410 
MG 102583 500 20 852 22 1027 20 793 23 98 143 5 1  0.426 
E 102623 509 19 1148 11 1035 19 897 16 100 145 55 0.398 
MG 102702 713 5 1731 2 1468 5 1304 1 102 145 59 0.388 2 
Maitland 667 8 1667 3 1365 8 1233 4 107 145 62 0.365 
Collegian 587 13 824 23 1520 4 977 13 97 143 59 0.413 
Derrirnrt 769 3 1213 10 1043 18 1008 12 93 142 51 0.458 
win-qa 689 7 1556 5 1285 10 1176 5 100 144 52 0.433 
Ear ly  dun 833 1 1407 8 1283 11 1175 6 105 145 59 0.394 
I W  56 519 18 852 21  1438 6 936 14 92 141 63 0.422 
Le 25 611 11 926 18 1145 15  894 17 96 143 45 0.457 
PS 210713 704 6 1537 6 1547 3 1262 2 97 141 48 0.492 
PS 2106588 583 14 1269 9 1300 9 1051 9 90 142 59 0.415 
FS 510203 481 21  972 16 1105 16 853 19 93 141 59 0.450 
PS 510699 620 10 1139 12 1372 7 1044 11 9 1  138 52 0.477 
Shanxi Prwince A 292 787 2 954 17 1007 22 916 15  104 144 54 0.414 
Local Check 426 23 1102 13 748 24 759 24 97 145 49 0.378 

m t i o n  Mean 598 1191 1234 
ISD a t  .05 331 686 325 



obtained by varying the inter-m dishme which was 27.5, 20.0 an3 12.5 

an, respectively. 

'Ihe ANOVA for the seed yield exhibited that the seed yield was 

increased significantly by iqruved moisture supply (Table 5.2.3) . 
Variation in plant population caused no significant differences in yield 

Table 5.2.3. Seed yield (kg/h) respolw of pas of varying leaf 
morpholcgy to plant pqxlation at two moisture reg*, at 
Tel  Hadya, 1990/91. 

Moisture (M) 
an3 Genotype (G) 

Plant d a t i o n h ?  
80 50 36 Wall 

Rainfed 
Acc NO. 11 (SLL) 
Acc NO. 10 IC )  
ErEmtta (c) 
Filby (W 
Mean 

Irriqated 
Acc NO. 11 (SLL) 
Acc NO. 10 IC )  

Mean 
Acc NO. 11 (SLL) 
Acc NO. 10 IC )  

Mean 
L.S.D. (at P = 0.05) : 
- Moisture regime means 
- F o r m n p a r i n g 2 G x P m e a n s  
- F o r m n p a r i n g Z G x P m  
same level of M 

- For mnparing two Moisture 
means at same or different 
levels of P 



in any of the genotypes under rainfed conditions, whereas with 

supplementary irrigation yield increased significantly for the leafless 

type (Filby) as population was raised f m  36 to 80 plants/&. m u s e  

of these differential respm, the interaction between genotype ard 

poplation, averaged over the tsm moisture supply regims, was 

significant. Results suggest that it would be better to use higher 

popllation of 50 plants/& for the leaflw type both under rainfed and 

irrigated conditions, wflereas for the rest of the genotypes a population 

of 36 plants/& will be sufficient. 

R.S. Malhotra and M.C. Sax- 



6.1. Intm&ction 

orobanche spp. are mot parasitic weeds which attack various legme 

plants and constrain their productivity. Faba bean, lentil, chickpa, 

field pea and forage legumes are affected by the parasite. The min 
objective of our research on Orobanche is the developrent of effective 

and practical control m+thods. This m k  is carried out in collaboration 
with the University of Hohenheim, Germany. 

The season startea out exceptionally dry in autm 1990, with the first 

substantial rains (11 nnn) on 3rd of December. Irrigation was required to 

have a m m l  sowing date to ensure good Orobanche developrent because 

late sowing reduces Orobanche attack thus reducing the chances of 

identifying treatment effects. The season was nonml with respect to the 

thema1 regime and no severe fmst spells occurred. The total rainfall 

wing 1990/91 was 293.5 nnn. Although it was lesser than the long-term 

average, its distribution was gmd for crop and parasite grcriyth. Tak- 

into aocount the supplementary irrigation given to assure a noml 

establisbmt of the crop, the total seasoral moisture supply in our 

fields, was similar to a noml year. 

6.3.1. Faba eeM 

Tne herbicides tested included imazaquin (Scepter), imazapyr (Assault, 

Arsenal), imazethaw (Rusuit, Pivot), fcsmim (Krenite) , chlorsulfuron 
(Glean) and g l m t e  (m) as pre- and/or pt-en'ergence 

applications (Table 6.3.1) . Rates and datg of application were based on 

results of previous years. 

orobanche infestation in the untreated (check) plots was him with 

56.5 w e d  shcots/nt, resulting in a low crop seed yield of 199 kg/ha. 



Several treatments resulted i n  an excellent mnt ro l  of Orobanche (Table 

6.3.1) : bgt ksatments i n  tenrs of Orohanche mntrol and crop seed yield 

were post-erergence applications of b z e t h a p y r  (2 x 20 q a. i . /ha),  

imazaquin (2 x 30 g a. i./ha) and a ccmbination of them. These treab3ts 

cam only minor p h m x i c i t y  on faba hean plants. mese findings 

confirm the  mts of the last season. Qllorsulfurun treatment, which 

caused hi@ -icity, and fosamine which gave low efficiancy w i l l  

not be i n  the  future test ing.  

Table 6.3.1. Effect of various herbicides on Q@X&!K& infestation ard 
yield of faba hean, Tel  tiadya, 1990/91. 

Herbicide rate G&33r&e shcots croo vield myto- 
[q a.i./ha] & rnetho3s NO./& Dry wei@t straw seed toxici ty 
of applicatiorP ()cg/ha) (l(g/h3) (WW (1-9)a 

1 rmazaquin 2x20 
+ b z e t h a p y r  2x20 

2 rmazaquin 2x40 
3 Imazaquin 2x30 
4 Imazethapyr 2x30 
5 mzaqu in  2x20 

+giy@msate 2x80 
6 mze thapyr  2x20 
7 mze thapyr  100 F& 
8 Imazethapyr 75 FRE 
9 mzethapyr  75 FRE 

+gly@msate 80 
10 m z m  30 FRE 
11 rmazapyr 20 FRE 

+g1yFhasate 80 
12 Chlorsulfuron 3 FRE 
13 Imazapyr 20 F m  
14 Glyphasate 2x80 
15 Fasamine 2x80 
16 No herbicide 

S.E.M. + 
L.S.D. (P = 5%) 

a EWLS scale 1-9: 1 = no e f f e b ,  9 = total d m g e  
All treatments w e r e  applied post-enb=rgence of crop, i.e. a t  tubexle 
and bud stage of Orobanche dwelqrwrt, except those mke3 'FRE' 
which here applied before crop emergenoe. 



Pre-eme?qence application of 75 or 100 g a.i./ha of hzethapyr 

reauCea the ombanche dry weight by 97.4 and 98.3 %, respeaively, 

carpared to the control, and ensured good seed yield of the cmp. In the 

fields hmm for heavy ombanche infestation such a treatment would be 

appropriate. 

6.3.2. lentil 

Several herkicides applied on lentil for Ombanche control resulted in 

phytokxicity on the crop in earlier years. Imazaquin (2 x 7.5 g a. i./ha, 

postereqence), and imazethapyr (60 g a.i./ha, pre-ence), which 

were already tested last year, s h d  low phytotoxicity on lentil. Hence 

these were tested again this season. 'Ihese treabnents affected the early 

crop growth this season: the lentil plants were mller in size and 

violet in colcur and s h d  inccpnplete leaf unfolding. However, tcwards 

the end of March, the treated plants recavered, were dark green in 

colcur, and looked healthier than the plants in the untreated plots, 

which by that time had already turned chlomtic due to high -und 

attack of Orobanche. 

mts (Table 6.3.2.) showed that post-eiwqenoe application of 

innzaqdn in the early sum cmp, althaqb effective in reduckq the 

m t  of -ed om?xnche shoots, failed to improve the crop yield as 

mrpared to untreated check. Pre-eneqere application of imzethapyr, 

under these ciramstances of heavy attack, was considerably more 

effective. In the later sowing date, with it's lower Ombanche attack, 

the 'soft' ~~ with hzaquin was right  era@^ to oontrol the 
parasite but did not ham the crop as did imazethapyr. Tl~us, the 

selection of herbicide will have to d e w  on the level of Ombanche 

infestation. 

6.3.3. Chickpa 

Glyphasate (2 x 20 g a.i./ha, post-eme?qence) which had shwn scone 

efficacy in controlling Oroband7e in the earlier study, was c m p a d  with 

hzethapyr (60 g a.i./ha, pre-eiwqence) . Imazethapyr was able to 
wntrol Orobanche (Table 6.3.3), but the crop yields were not increased 



Table 6.3.2. Effect of two herbicides on the Orobanche control and 
yield of lentil, Tel Hadya, 1990/91. 

Treatment O m h n c h e  shoots Crop yield 
NO./& thy weight straw Seed 

(W/ha) (W/ha) (%'ha) 

ILL 4400, planted on m. 17 
No herbicide 62.2 285.7 875 15.9 
Imazaquin 2 x 7.5 g a.i./ha F c S P  6.2 58.4 896 54.5 
mzethapyr 60 g a.i./ha ERE' 0.1 0.1 1402 663.7 

ILL 8, planted on Dec. 31 
No herbicide 7.9 27.5 1566 204.1 
I rmzaquin2~7.5ga. i . /haPCGT 0 0 2717 761.3 
Imazethapyr 60 g a.i./ha Fi7E 0 0 1495 161.3 

S.E.M. + 6.3 35.7 361 123.5 
L.S.D. (Et5  %) 13.7 77.8 986 269.3 

* KSI = Post-ere~~ence application: PRE = E're-?n~~~~ence application 

Table 6.3.3. Effed of herbicides for Ombanche control in chickpsi3 at 
Tel Hadya in 1990/91 season. 

Treatnwt Ombanche shoots rrcP vield 
NO./& Dry weight Straw Seed 

(kg/ha) (%/ha) (%'ha) 

Contxol 14.5 152.3 1436 382 
Gl-te 2x20 g a.i./ha POSP 18.8 181.5 1321 349 
methapyr 60 g a.i./ha FRE 2.4 28.5 1145 340 
S.E.M. + 4.4 43.6 157 70 
L.S.D. (P = 5 %) 9.6 95.0 343 153 

because of the phytotoxicity (chlorosis and stunting). Hence, lower rates 

of 40 to 50 g a.i./ha of hzethapyr should be tested. As in the previous 

seasMl IK 3279 tolerated the herbicides better than did ILC 482. 



6.3.4. 1Jarbon vetch 

Information on herbicide tolerance in narton vetch Vicia narhonensis with 
regard to Orobanche ccoltrol is scanw: therefore, imazaquin as a 'soft' 
herbicide was selected and applied post emmqence at a low rate of 2 x 20 

g a.i./ha. 

A hiwy significant reduction of 86.7 % in number of orobanche 

shoots in the imazacpin treated plots wcurred (Table 6.3.4). However, 

increase in crop seed yield was low (6.4 %) and not significant. H e m ,  

althagh narbon vetch seem to be rather sensitive to hzaquin, this 

micide effectively p r o t d x l  the crop and reduced the produdion of 

Ombanche which otherwise would destroy the seed yield and raise the seed 

bank of the parasite. 

Table 6.3.4. Effed of hzaquin on Orobanche wrrtrol and yield of 
vicia mrbmmsis, Tel m a ,  1990/91. 

Orcbanche shoots rr013 yield 
NO./$ Lky weight Straw Seed 

(kg/ha) (%/ha) (k9/ha) 

No herbicide 52.0 404.0 1084 205.2 
Irrazaquin 2 x 20 g a.i./ha FOST 6.9 89.0 1098 218.3 
S.E.M. + 5.8 24.1 128 26.3 
L.S.D. (P = 5 %) 12.7 52.6 278 57.4 

6.3.5. Field Pea 

F a x  Wicides were tested in peas. Orchxhe infestation was high and 

Ombanche dry weight in the untreated plots exceeded 0.5 t/ha. In tenm 

of Orobanche amtrol both imidazolhmes gave better results than 

gl-te (Table 6.3.5). W t  treatmmts iralwed only minor 

phytotoxicity, whereas chlorruliimm resulted in severe damage to the 

crop (EWRS ph-xicity rating of 6). Seed yield of the crop was low 

and there were no significant differences due to the treatmmts. 
K.-H. and M.C. saxena 



Table 6.3.5. ~ffect of herbicides for Ombanche mntrul in field pea 
at Tel Hadya in the 1990/91 season. 

Orobanche shoots C r c v  vield 
NO.,$ weight Straw Seed 

(W/ha) (W/ha) (W/ha) 

No hdicide 75.1 391.2 914 32.2 
Glyphosate 2 x 60 g a.i./ha rn 69.5 451.7 1259 15.6 
mzethapyr 2 x 20 g a.i./ha POSP 7.2 98.8 1829 27.4 
Chlorsulfuron 3 g a.i./ha FRE 5.0 32.4 750 65.5 
mzaquin 40 g a.i./ha POSP 1.1 6.2 1707 144.5 
mzaquin 2 x 20 g a.i./ha POST 0.5 5.2 1663 102.2 
mzaquin 2 x 30 g a.i./ha POST 0 0 1791 134.2 
S.E.M. 3.7 37.2 183 72.9 
L.S.D. (P = 5 %) 11.4 113.4 553 219.6 

6.4. Selection of Resistant Genotypes 

6.4.1. Forage I q u x e s  

Two accessions of narbon vetch, which in the previous season sh& 

differential reaction to O m h m A e  infestation, were tested in field 

heavily infested by the parasite. 'me accession '578' had 28.1 % less 

Orohvlche shoots than accession '67' (Table 6.4.1). This differenoe in 

Table 6.4.1. Reaction of two accessions of Vicia narbomis to 
Orobanche at Tel Hadya in the 1990/91 season. 

n-rtry Ombanche shoots C m w  yield 
NO.,$ Dry weiqilt straw Seed 

(W/ha) (kg/ha) 

Acc. 578 (tolerant) 24.6 288.4 1339 417.4 
Acc. 67 ( m p t . )  35.8 204.5 843 6.1 

S.E.M. + 
L.S.D. (P = 5%) 



susceptability to Oro!=anche was also refleded in the crop yield (Table 

6.4.1) . ?he nonsignif icantly higher Drobanhe dry weight p w  on the 

resistant entry was due to the low underground infestation which 

pMni'ct.4 good development of the q e d  Ombanche shoots. In contrast, 

the susoeptible entry was so severely affected by the underqround attack 

of the parasite, that the host wuld 170t support high developmt of dry 

weight of q e d  Orobanche shoots. 

6.4.2. Lentil 

Screening of wild len t i l  for Orobmzhe resistance was continued using the 

technique developed earlier; hodever, no ombanche free entry wuld be 

identified so far. 

K.-H. linker W. Erskine and H.C. S a x e ~  

6.4.3. Chi- 
'Ihe Orobanche resistance of ILC 3279 ('Qlab 2') was confirmed in a field 

exprim?&. Tne straw and seed yieid pmduction was higher and Orohmhe 

infestation lower in ILC 3279, as ccanpared to ILC 482 (Table 6.4.2). 

Therefore, in Orobanche infested areas this cultivar should be prefered. 

Table 6.4.2. Reaction of two chickpa lines t o  Orobanche infestation 
a t  Tel  Hadya in the 1990/91 season. 

m o r u ~ e  shmts r3-m vield 
NO. /I$ Dry wei@t Straw Seed 

(kl/ha) (ww (kg/ha) 

ILC 482 (5tEcept.) 15.0 156.3 871 283.8 
ILC 3279 (mist.) 8.8 85.3 1730 430.1 

S.E.M. +_ 
L.S.D. (P = 5 %) 



'Ibis was further confirmed in a screenirq test in pots with 12 

chidpxi entries including ILC 482 and ILC 3279. The latter had the 

1-t infestation (Fig. 6.1). niqhest infestation was fourd with IIC 

3919 and IIC 35. 'Ibis screening was done using 2500 to 7500 Orobanche 

s&/Q soil which earlier were found to represent the critical range of 

Orobmche seed density in pot exprinents with chi-. 

Chickpea entries 

Figure 6.1. Orobanche infestation in 12 genotyps of chickpea in the 
pot-culture screening during 1990/91 

Earlier field obsenrations had indicated that there was a positive 

asmiation between Ombanche resistance and k a x h y t a  blight resistance 

in chickpa. To test this, diverse lines of the Chickpea International 

Axmhyta Blight w r y  (A) were evaluated for Orokanche attack and the 

results correlated with the Axmhyta blight -re of these lines. A 

positive correlation of r = 0.461 was found between Orobanche resistance 

and the blight resistance (Fig. 6.2). Therefore, lines with resistance to 

Asaoocyta blight will be preferred for further screening of chickpa to 

Orchnche. A camon basis for this reaction towards the two parasites 

could be the prcduction of phytcalexins by chickpea irmnediately after the 

infection by the two pathogens. This, however, will require further 

st*. 
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Figure 6.2. R e l a t i h i p  h h e e n  the Asoxhyta blight rating (1 t o  9 
scale: 1 = disease free, 9 = killed) and Ombanche 
infestation in the chickpea lines of Chickpea International 
Asccchyta Blight Nursery (A). 

(r  = 0.461, significant at P C 0.001) 

A 1 to 9 rating scale was developed to faci l i ta te  the evaluation of 

orobanche infestatim on chickpa LT the f ie ld  (Table 6.4.3) . This soore 

Table 6.4.3. scale for evaluation of 0. m t a  infestation on 
chickpea. 

score" Symptoms 

No m e d  Ombanche shoot, M visible damage 
Up t o  5 % plants with eueq63 shoats 
6 to 10 % plants w i t h  amye3 shcots 
11 to 20 % plants w i t h  shoots 
2 1  to 40 % plants w i t h  amye3 shcots 
4 1  to 60 % plants w i t h  amye3 shoots: l ight  chlorosis 
61 to 80 % plants w i t h  q e d  shoots; l ight  chlorosis 
81 to 100 % plants w i t h  emerged shoats; chlorosis, leaf 
drop 
100 % plants w i t h  a t  least one emqed  shoot; M seed 
p d u c t i o n  

* 14: resistant; 6-8: susceptible: 9: highly susceptible. 



is primarily based on the nw33er of -63 shwts of Orobanche, as other 

symptcms like plant heiqht, chlorosis or defoliation are not uniformly 

qressed and can not always he attributed to Orobanche attack. 'Ihe 

scoring has to be done only after pod setting. 

K.-H. Linke, K.B. S-h and H.C. FaxeM 

6.4.4. Field Pea 

Tku pea entries which had shown differences in susceptibility to 

Ombanche in previous season at Tel Hadya, were mnpared again this 

seaason to verify their reaction (Table 6.4.4) . O r c h r c h e  infestation on 

the accession '290' was less than on the Syrian -1 pea, but seed yield 

was almost zero for bath entries. Withmt Orobanche infestation, however, 

the lccal entry would build up a much larger bimss than am. 290. 

K.-H. Linke and H.C. Garrena 

Table 6.4.4. Reaction of two entries of field pea to Ombanche 
infestation, Tel Hadya, 1990/91. 

Treatn'ent Orobanche shcots CK@ vield 
NO./$ Dzy weiqht Straw Seed 

~kg/ha) (kg/ha) (wm) 

Syrian Local 
(sllscept.1 

Acc. 290 
(resist. ) 

6.5. Biological Control 

?he agxmyzid fly Phytwza orobanchia is the only insect which has been 

shown to have potential for biological control of Ombanche. 

Yellow sticky trap were placed in the field to mnitor the arrival 

of E. Ombanchia. The first appeamnce of the fly coincided with the 



f i r s t  emergence of the Orobmohe shoots (Fig. 6.3). (It also coincided 

w i t h  the appamnce of Liriowza spp., a related fly attaclcing crops). 

Its arrival is most probably related t o  t-ature. It was  reported 

f m  USSR that E. Orobanchia has several generations during the seam,  

Phytomym flies/0.25m2 Orobanche dry weight (tlha) 
250 I 

-. 
I 1.2 

Spring 1991 

-S Ombanehe 

m Pbytomy. 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
February v March 

Phytomya flirs/0.25m2 Ombanehe dry weight (tiha) 
250 T-7 I 

0 
February March April May 

1 0.. 

Figure 6.3. Relationship between the appearance of Phvtomyza 
orobanchia 4 Orobmohe spp. in field a t  Tel Hadya, 
1989/90 4 1990/91 s e a m .  ?he f i r s t  arrow indicates 
the f i r s t  emergence of Orobanche shoots, the two arrows 
irdicate mssive emrqence of the Orobanche shoots. 



provided climatic corditions are suitable. Time intervals between the 

generations m y  vary frum 3-8 weeks. The two p?aks of Fhvtomvza 

oawrence i n  our results (Fig. 6 . 3 )  probably represent two generations. 

A t  mid May, however, the collection of insects was stopped as the crop 

and parasite w e r e  harvested. 

'me number of Phytwza adults caught weekly in  the yellow traps was 

rather low a s  compared t o  the hiqh incidence of larvae in Ombanche 

shoots. Also the frequency of Liriomvza in  the traps was about 100 times 

more. It is possible that  yellow traps were not attractive enough t o  

Phytonwa. 

K.-H. Linke, 6. Weigand and M.C. SaxaM 

To study the effect  of cmp rotation on 0. cremta seed bank and 

parasite infestation and yield of l en t i l ,  nine craps (Vicia faba, V. 

nar!mnensis, V. villcsd subsp. dasvcarua, P i m  s a t i m ,  Lens cu lk i s ,  

Hordeum vulqare, ~nninum cvmium, L h m  u s i t a t i s s h ,  Coriandrum w) 
were grown i n  the 1989/90 season in  two cxpriments w i t h  3 and 4 

replications, respectively. Fallow plots w e r e  included as  control. All 

the Orobanche shoots tha t  emerged duriq 1989/90 w e r e  removed to prevent 

fresh kcrease in  the seed bank. In the 1990/91 saason a l l  the plots of 

both the experiments were planted w i t h  l en t i l  (cultivar ILZ. 4400) to 

study the effect  of the preceding cropi on Ombanche infestation and 

yield. Sowing of l en t i l  was done on 6 Nov. 1990. Orobmhe shoots were 

pulled k f o r e  harvesting l en t i l  an3 the i r  dry mtter (85 OC) was 

determined. Straw and seed yield of l en t i l  was masurd. Ccnnbined results 

of both experiments were a ~ l y z e d  and presented in  Fig. 6.4. 

Capxed w i t h  the fallow plots, 0m-e d q  mtter on lentil was 

significantly redud when l en t i l  followed M1-tan vetch, l en t i l  and 

mlypod  vetch. Ien t i l  seed yields a f t e r  M1-tan vetch and woolypal vetch 

w e r e  significantly higfler than a f t e r  fallow. 'me average seed yield of 
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Figure 6.4. Effect of different p d i n g  ~ o p s  on the Orokdnche dry 
Weight and seed and straw yields of lentil at Tel Hadya, 
1990/91. ISD (P = 5%) for Orobanche  dry weight = 120.6 
kg/ha: crop straw yield = 358.1 kg/ha and grain yield = 
122.4 kg/ha. 

lentil was howaer only 133.8 kq,ha. It is possible that inspite of the 

reduction in the Orcbnche seed bank due to the above two crops, it was 

still too hi@ to pennit a n o m l  lentil yield. Lentil straw yield and 

total biasnass were significantly higher after any crop than after fallow, 

Coriandnnn, Linum and pisum. 

'me low efficacy of field grown flax (Fig. 6.4) is in mntrast to 

results obtained by others but they studied the effect only in pats or 
with 0. rmocsa. It is possible that the reaction of 0. ramcsa may be 

different f m  that of 0. c m t a .  
H. 8ehnell.K.-H. Linke, andu.c. saxena 



6.7. Nitrcgen for OIobanche Contml 

Field qxximents comiuded during the last two seasons confirmed the 

negative relationship between nitrogen content in the soil an3 Ombanche 

developnent on the crop. %is season experiments were conducted with 

faba bean ard lentil using nitrqen fertilize rates ranging frcm 0 to 158 

kg N/ha in soil heavily infested by Orobanche. However, they dmmstrated 

only a minor effed of nitrogen fertlizer on the parasite. %erefore, 

nitrogen fertilizer alone as a tool for Ombanche control dog not appear 

pdsing. These investigations form part of the m.D. work of Ms. M. 

van Hezauijk, Free University of msterdm. 

M. van Hezewijk and K.-H. Linke 

As in the previous y e ~ s  in-ted n w n q m t  of mokache received high 

emphasis in the 1990/91 season am3 the single wntrol m e t h o d s  were 

evaluated only with the aim of using them in a schm of intqmted 

ccortzpl. It was already in the previous years that by cambination 

of two s h l e  control techniques nearly 100 % control of the parasite 

a x l d  be achieved, am3 the adverse effects of some of the single 

treatnmts could be minimized. 

6.8.1. ~ a b a  Bean 

The m t  strikiq Orcbxche control in faba bean in the previous years 

w a s  obtaked by a combination of slightly delayed sowing (3 w e e k )  an3 

the application of a herbicide. In this context, different rates of new 

herbicides were tested with m m l  an3 3 week delayed sowing of the crop 

during 1990/91. In spite of a hi* infestation (1160 kg/ha dry weight of 

Orobanche in the check plots), good Orobanche wntrol was achieved with 

the ambination of delayed sowing + imzaquin applied post-emqence at 

2 x 40 q a.i./ha or delayed sowing + imazethapyr applied pre-aneryence at 
100 q a.i./ha (Fig. 6.5). lkse &inations also subtantially 

increased cmp seed yield. 
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Figure 6.5. Integration of delayed sowing and herbicide application i n  
aoltrolliq ombanche in  faba hean, Tel Hadya, 1990/91. 
S.E.M: orchnche shoot 2 7.9: Orobanche shoot dry weight 
+ 131 kq/ha; faba bean seed yield + 173 @/ha: s t r a w  yield 
+ 289 kg/ha. N = m m l  sowing, 23.10.1990; L = l a t e  
 SOW^^', 13.11.1990. 

' no A B C 
1 herbic. 2x80 2x40 100 

6.8.2. Lentil 

The variety IU 8 can be sown nearly 25 days l a te r  than IU 4400 without 

any yield xduction in the absence of Orobmche infestation. Because of 

this adaptation t o  l a t e  sowing it is suitable for  ranaging Orobmche, by 

delayed sowing. To further impme the control of Orobanche herbicide 

treatments having a low ra te  of a 2 x 7.5 g a.i./ha of imazaquin (post- 

w e m z e )  or  60 g a.i./ha of imazerhapyr (pre-emrqence) were tested i n  
d i n a t i o n  with the l en t i l  d t i v a r s  ciuriq 1990/91. 'Ihe best results 

were abtained w i t h  ILL 8 + imazaquin, which provided full control of the 

parasite and increased lentil seed and s t r a w  yield significantly over the 

check (Fig. 6.6). 

no A B C 
herbit. 2x80 2x40 loo! 
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Figure 6.6. Integration of use of less susoeptible cvltivar and 
herbicide in controlling or&m&e in lentil, Tel Hadya, 
1990/91. S.E.M.: Orobanche shcot 2 5.9; Orobanche dry 
weight & 44 kq/ha; lentil seed yield i 123 kg/ha; straw 
yield + 297 kq/ha. 

6.8.3. Chi- 

Genotypes (IK 482 ard ILC 3279) d herbicide (0 and 60 g a.i./ha of 

imazethapyr, preererqence) treatments were tested in a split-plot design 

to verify the results of last season. Ihe gencrtype ILC 2379 which has 

saane resistance to Orobanche failed to prcduce a higher seed yield  en 
the parasite was reduced by herbicide (Fig. 6.7). This was partly due to 

the crcp phytotoxicity caused by the Micide. Reduction of the 

chickpa bicwass prcduction after application of herbicide was also 

notioed in the previous years. At present, chickpea aFpears nnre 

sensitive to wen low rates of herbicides than to Ombanche attack. 

6.8.4. Field Pea 

ambinations of three factors were tested includirq sowing date, 

herbicide d genotype. The highest effectivity in reducing Orobanche was 
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Figure 6.7. Integration of chickpa genotypes (ILC 482 and ILC 3279) 
and herbicide (H, 60 g a. i./ha imzethapyr) use to control 
Orobmche, Tel m a ,  1990/91. S.E.M.: Orobanche shoots 
+ 5.8; Orobanche dry weirplt + 134 kg/ha: chiclcpea seed - 
yield + 197 kg/ha: s t r a w  yield 2 472 kg/ha. 

cbtained w i t h  post-emqence application of imazaquin (2 x 20 g a.i./ha) 
(Fig. 6.8), which mnfim results of the previous season. Delay* the 

sowing Qte f m  20 Nw. to 10 Dec. resulted only in a 50 % reduction of 

the infestation, whereas cropc b i c s ~ s s  prcduction simultaneously 

by 20 % (Fig. 6.8). Genotypic differences were low: the pea 

accession '2901, which ea r l i e r  was fauaj  to  have scpne degree of 

resistance to Orobanche, was only s l i a t l y  less infested than the 'Local 

Pea' in this study. 

6.8.5. Narkon Vatcb 

lhree control methcds w e r e  tested in a split-plot design inclw sowing 

date, genotype and herbicide. Reduction of Oro!xwche ccPnpared t o  the 

check w a s  highest (87 %) a f t e r  M i c i d e  application (2 x 20 g a.i./ha 

imazaquin, post-emrgeme) follcwed by that from delayed planting by 14 

days (44 %), and resistant genotype (28 %). mt increase in QOP seed 

yield was substantial only w i t h  the use of resistant ge~type. Highest 
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figure6.8. Intqrationofgemtyp (localanl'290'), dateof sowing 
( m d - N ,  late-L) and herbicide (H, 2x20 q a.i./ha of 
imazaquin) use to mntrol Omhnche in the field pea, Tel 
Hadya, 1990/91. S.E.M.: Orobanche shoots 2 6.8; Orobanche 
dry weiqht + 158 kg/ha; dry pea see3 yield 2 14 kg/ha: 
straw yield 217 kg/ha. 

ombanche mntrol and crop straw yields m obtaied by the ombination 

of all the three factors (Fig. 6.9). Seed yield, hmever, was sightly 

higher without herbicide application. 
x.-H. ~ i n k e  and M.C. &xena 

6.9.1. seed Pm&ction, Skmts -ed and seed Viability of 0. QeMta 

lb identify whether there is any relationship between the seasonal 

moisture supply ard the seed p-ion, emerged shmts and seed 

viability of Omhamhe crenata, the data on these lmrmeters were 

collected in lentil as host crop for 4 seasons, with differing amount of 

total seasonal nnisture supply. m e  results are presented in Table 

6.9.1. Higher the total seasonal moisture supply, higher was the seed 

pmdwtion. T h e  qrcwth and developnent of a total parasite such as 
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Figure 6.9. Integration of date of sowing (noml-ND, late ID), 
genotype ('67' and '578') and herbicide (H 2x20 q a.i./ha 
of imazaqin) use for omtrolling Omhanche in narbn  
vetch, Tel Hadya, 1990/91. S.E.M. : Orobanche shoot + 7.3; 
orcbnche dry weight + 58 kg/ha; crop seed yield + 74 
kg/ha: straw yield 205 kg/ha. 

Ombanche is very mu& linked with the growth and vigor of the host. 

Urder higher rainfall the lentil qswth was better and, therefore, it 

encmxaged dwelopwrt of Orobanche an3 higher prdxtion of parasite 

se&s. Ihe m m k a  of seeds prcduced amounted to 31.1 millionh? in a wet 

season, as against only 260,000 and 1000 se&s/d in the two dry -ns 

(Table 6.9.1). The viability of seeds praluced in the dry season was 
lcwer than those of the w e t  season. 'Ihe premature drying of Orobanche 

shoats, preventing the capletion of seed riping due to lack of 

adequate moisture supply, might be the cause of this. 

In a season favorable for Orabanche growth (1987/88) a low seed bnk 

Of 3.5 seeds/kg soil p- no shoot on lentil, w h w  with a seed 

banlr of 251 seeds/% soil 326 Ombanche shoots/d emerged. 



Table 6.9.1. Effect of seaso~l moisture sqply on see3 prcduction of 
0. cre~ta on lentil. - -  

Rain- Seed Ombanche prcduced on lentil 
fall bnk/kq ~nderyr. hlerged ~ e e d  Seed Viable 

Season (nun) soil at &cats shwts prcdudion viability see3 
planting / /u? (mil./&) (%) (nil./&) 

a 3500 seeds/capsule, 27.2 capsules/shwt; 1500 seeds/capsulz, 6.4 
capsules/shcot; 1970 seeds/capsule, 0.5 capsules/shcot; 1897 
seeds/ca@e; 10.3 capsules/sh&; includes 293 rn precipitation and 
50 m irrigation; n.r. = not mmrded. 

6.9.2. The Seed of 0. crenata 

The factors influencing the seed bank of 0. m t a  can be divided into 

two, one that affects in@, and the other that affects the m l  of 

s e a  (fig. 6.10). far the nnst i n p r t a n t  inpt factor is the seed 

prcduction on the mther plant with its mbsquent s e 4  shed on the 

ground. ?he magnitude of this effect is dependent on the suitability of 

hast plant and the clhtic conditions. Aspects of tramportation of 

seed by wind, water, man or -1, although of minor i r p r t x m ,  baame, 

iqmrtant as starting pint for the developnent of a seed bank. 'Ihe two 

mjor factors that affect the lass of seed bank are germination of seeds 

and their decay. 

6.9.3. Donaancy of 0. crenata Seed 

'BE annual do- cycle was investigated in seeds of 0. crenata buried 

in the field, where they were eqmsd to natural temperature charqes. 

Seeds were rammed rqularly fmm August 1989 to July 1991 and tested for 

their germinability under optimum germination anditions using the 

synthetic GR 24 as germination stimulant. Seeds were dormant but 

respn-ded to the stimulant UUmqJ~out the year; however, towards the end 
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Figure 6.10. Factors influencing the changes in the seed bank of Q. 
m t a .  Solid arrows indicate the influenciiy factor 
and open arrows show s w r x s  of input or removal of seed. 

Germination (%) 
60 I 

30 - * 

20 - 

Jan Feb Mar Apr May Jun lu l  Aug Sep Oct Nov Dee 

Fig- 6.11. Seas~ml donrancy cycle in ombanche m t a .  

of the dry and hot sumer W n  (September) response to the stimulant 

inrreased mching the winarm value between September and Cecember (Fig. 

6.11). Thereafter, response to a stinulant rapidly declined. This 

seasonal cycle of respnsiveness to a stimulant reflects the natural 
situation, where due to the availability of host and climatic corditions 

the germination occurs minly in autwo7 and only to a low extent in 

spring. It appears that seeds of 0. crenata undergo a conditional 

domanq/non-domamy cycle. 

K.-H. Linke, H. Schnell and M.C. Saxena 



T h e  international testing pnqram on faba bean, lentil, m i  chidqea, 

lathyrus, vetches and dry pea is the vehicle for the dkanimtion of 
genetic materials and inproved prdxtion practioes, in the form of 

irrternatiml nurseries and trials, to the rational p- in and 

outside the WANA region. W e  genetic materials mnprise early 

sqrqating pqmlations in F, and F, generations, and elite lines with 

wide or specific adaptation, spxial noqAolqica1 or quality traits, and 

resistaxe to ccamnon biotic and abiotic stresses. lhe trials on ~ ~ e d  

prmiuction practices deal with the miplation of the Rhizobium-legwe 

symbiosis and weed control. Nuwies are only sent on request and often 

include germplasm specifically developed for a particular region or a 

national prqram. 

!Ihe testing prcgram helps in identification of genotw with 

specific or wide adaptation. The p e r f o m  data permit assessnent of 

genotype x environment interaction and help in targeting breeding efforts 

for specific agro-ecological corditions. T t r a q h  the agroncsnic trials, 

research is en-ged in the rational p- on optimum agronomic 

practices for different agro-ecolcgical conditicm to fully realize the 

yield potextial of their cultivars. 

With recent shift in emphasis of ICARDA activities as per EFR 

(External Fnqram Review) nxamedations, the distribution of all the 

yield trials and meening nurseries of faba bean to the national 

prqmtvs f m  ICARDA'S headquarks at Alepp has been stopped. 

'Itm in-tiod trials, Lathyrus Adaptation Trial (IIAT) and 

Vicia Adaptation Trial (IVAT), which were initiated last season and 

c n ~  aver a restricted numter of lmations, were distributed 

internationally owering a wide range of environments. lhus 956 sets of 

35 different types of nurseries (Table 7.1.1) were supplied to various 

coaperating scientists during the 1991/92 season. Several cmperators 

requested large quantities of seed of some elite lines identified by them 



Table 7.1.1. Iquu= international nurseries supplied to various 
national pmgmxs fo r  the  1991/92 seascol. 

International Trial/Mlrrery No. of sets 

Lentil 
Yield Trial .  Lameseed ILIYT-L-92) 
Yield Trial; Skl-.Seed <uYr-S-92j 
Yield Trial ,  Early (LIYT-E-92) 
S a e a k g  Nursery, m e - S e e d  (LISN-IA2) 
screenirg NlKSSIy, SiTdll-Seed (LEN-S-92) 
sCreMins Nursery, Early (LISN-E-92) 
screening Nursery, Tall (LISN+92) 
F3 Nursery, I q e  seed (UF3N-M2) 
F, Nurserv, Small seed (LIFJi-S-92) 
F; 6; Early (uF,N-E-<~) 
F. Nursery, Cold TolerallCe (I;[FJiG92) 
G l d  Tolerance Nursery (LICM-$2) 
%mxhyta Blight Nursery ( m - 9 2 )  
Fusarim W i l t  Mlrsery (LIFWN-92) 
Rus t  Nursery (LIFN-92) 
-ckPea 
Yield Trial Spring (CIYT-Sp-92) 
Yield Tr ia l  Winter, Mediterranean Region 

(am-W-MR-92) 
Yield Tr ia l  Southern LatiMes-1 

(CIWSU-92) 
Yield R i a l  Southern Latitudes-2 

(CIWSI2-92) 
Yield Rial Latin Amxican (CIW-IA-92) 
s-ing ~ursery Winter (am-w-92) 
screening Nurjery Spring (CISN-Sp92) 
Screening ~lrjery, Southern Latitudes-1 

(CISN-SL1-92) 
Srreening Mlrjery, Southern Latitudes-2 

(CISN-SLZ-92) 
Screening Nursery, Latin American (CISN-IA-9) 
F4 Nursery, Mediterranean %ion (CIF,N--2) 
F4 Nursery, Southern Latitudes (LIF,N-SL92) 
m y t a  BliClht Nursery: Kabuli (CIAm-A-92) 

k i m  w i l t  (CIEWN-92) 
Leaf-Miner Nursery (CIIMN-92) 
Cold ToleranCS Nur;ery (CICIN-92) 



Table 7.1.1. Cont'd. 

International Trial/Mlrsery No. of sets 

-rage - 
Iathyrus e. Pdaptation Trial (IIAT-92) 
Vicia a. Adaptation Trial (IVAT-92) 

Peas 
Adaptation Trial (PIAT-92) 

from the international nurseries/trials for nultilocation yield testing 

an3 on-farm trials. 

?he salient features of 1989/90 inteJx?ational nur;ezy results 

received from moperators until 31 Cxbker 1991, are presented here. 

7.1. Faba Bean 

Only four trials were supplied to ampmto~s for 1989/90 season. The 

results recleived f m  the cccperators are reported here. 

In the Faba Bean Interrational Screening Nursery-Determinate 

(FBI=-D) out of 28 locations reporting the yield data, at a large n-r 

of locations some determinate entries either exceeded or gave similar 

yield as the local check. Ihe top five yielders a- locations 

included IIE 1814, FLIP 86-107FB. FLIP 86-145FB, FLIP 86-114FB and FIJP 

86-118FB. The top determinate yielder in this nmseq gave 11.3% less 
yield than the Meterminate high-yielding check, IIE 1814, revealing 

that there was need for further inprwement in the yield potential of the 

determirate lines. 

The results on Faba Bean International Ascochyta Blight Nursery 

(-1 were reported from 5 locations. Seven entries namely, A886, 



A8812, A8817, A88187, A88233, A88245, and IIB 1814, exhibited rating 

betvneen 1 ard 4, on a 9-point scale, and had better level of resistance 
cmpamd with others. 

'Ihe results of Faba Bean Intenntional Chocolate Spot Nurjery 

(FBICSN) were reported from five locations. out of 17 lines, six lines, 
Mmely B8827 (L83114), B88140 (IIE 3025), 888142 (IL53026), 888158 

(ILB3026), IIE 1814, and Rebaya 40, occurred nmt frequently among the 

tolerant lines with rating 4 or less. 

m e  results of Faba BBan InterMtional Fmst Nursery (FBIRN) were 

reposed f m  five locations. Four entries, m l y  R888 (Bm, 2637). 

RS8lO (BPL 406), R8815 (BPL 1179) and R8859 (BPL 663), occurred K6t 

frequently among the tolerant lines with rating of 4 or less. 

'Ihe Faba Bean Weed Cortrol ?rial (FBWCT) results were reported for 

4 locations for seed yield and the treabrent effects were significant. 

The yield loss due to weeds varied frcnn location to location ard ranged 

betma 12.8% and 66.1%. All theweed control treatrmts at Misurata and 
preem?qence application of cyanazine (Fortrol) at 0.5 kg a.i./ha plus 

0.5 kg a.i./ha of prodde (Kerb) and post-emqemx application of 

dinoseb acetate (Aretit) at 1.0 kg a.i./ha plus 0.5 kg a.i./ha 

fluazifopbutyl (Fusilade) at Zahra in Libya: pre-ence application of 

terhthylazine tertxltryne (mad) at 0.75 kg a.i./ha, pre-ence 

application of cyanazine (Fortrol) at 0.5 kg a.i./ha, pre-aeqence 
application of chlorbrmumn (Maloran) at 1.5 kg a.i./ha plus 0.5 kg 

a.i./ha of pawnide (Kerb), and pm-meqence application of ~ u t q m e  

(I-) at 2.5 kg a.i./ha at cmdch in spain, were significantly 

supxior to the respective weedy checJc in the order listed. At S m .  

nurkq. r w ~ e  of the weed contml treatments pmed effective. 

mta f m  23 locaticm were analyzed for seed yield for Lentil 

Wcenwtio~l Yield Trial-Ixge Seed ( ILYFL) .  At ten locations, namely, 



Sidi Eel Abkes in Algeria: Elvas in Portugal: Gelline and Izra'a in 

Syria; Terbl in Lebanon; and Enunrm in Wkey, some of the test entries 

exceeded the respective local check in seed yield by a significant (P = 

0.05) margin. The five heaviest yielding lines across locations were 

FLIP 88-EL, FLIP 87-16L. FLIP 87-17L. FLIP 87-2L. and FLIP 84-147L. 

Stability a~lysis based on the Fkerhart and INssell (1966) mxlel 

for seed yield of LIYT-L entries revealed that both wan squares due to 

entry x location (linear) and pmled deviations (non-linear portion of 

gemtype x envimrunent interaction) were significant (Table 7.2.1) . The 
perusal of stability pmiwters for irdivihl entries revealed that the 

entries FLIP 88-6L, FLIP 86-EL, FLIP 85-35L and FLIP 85-38L had h e -  

average m?an yield, a regression coefficient of one and nonsignificant 

deviations from regression and were thus had wideadaptation. 'Ihree mre 

entries, FLIP 88-8L, FLIP 87-17L, and FLIP 84-147L, having above-average 

m yield, regression coefficient greater than 1 and nonsignificant 
deviations from regression, were specifically adapted to high yield 

envimrunents. 

Table 7.2.1. ANOVA for stability for see3 yield for the entries in Urn-L, 
Urn-S, and Urn-E mrducted dur- 1989/90. 

Sauce of LTm-L m E  
Variation DF I.rS(xl@) D* DF IIS(xl0') 

F n t q  x location + 
location 506 293.489** 276 279.911** 161 1514.830** 

Location 1 126562.000** 1 63419.700* 1 226241.000** 
(linear) 

m t q  x location 22 96.453** 22 31.966ns 22 221.723** 

%led error 1012 23.572 572 18.204 352 45.563 

* Significant at F = 0.05. 



?he results of Lentil International Yield Trial-Small Seed (LT'IT-S) 

revealed that out of 14 locations, at 9 lmtions namely, Beni Slim3ne 
and Gueh in Algeria; Elvas in Portugal; Diy- in W k e y ;  Heim, 

Idleb and   el line in Syria; Terbol in L&anon: and Sarir in Libya, 3, 2, 

3, 22, 1, 7, 5, 21 and 5 test entries, respectively, exceeded the lccal 

check in seed yield by significant -ins. The five heaviest yielders 

acmss locations included FLIP 84-51L, FLIP 87-48~, FLIP 86-29L, FLIP 87- 

26L and FLIP 87-57L. Stability analysis for seed yield for the entries 

in LIYT-S (Table 7.2.1) revealed that only four entries, FLIP84-29L. 

FLIP86-29L. -7-49L, and FLIP87-57L having above-average yield 

peaomace, regression coefficient of 1, and nonsignificant deviations 

from regression had general adaptation. A line FLIP87-55L having above- 

average mean yield, nonsignificant deviations from regression and 

regression less than 1.0 was adapted to low-yielding enviromts. 

?he results of Lentil International Yield mial-~arly (LIYT-E) 

revealed that at 6 locations (Sidi E e l  Abbes, Eeni Slimme and Tiaret in 

Algeria; Faisalabad I (NIAB) and Faislabad (ARC) in Pakistan; and ~ 1 -  

safsaf in Libya) out of 9 some of the test entries exceeded the 

respective local check in seed yield by significant (Fyl.  05) margins. 

The five heaviest yieldem in this trial included FLIP 84-60L, FLIP 84- 

112L, FLIP 88-45L. FLIP 86-391, and Precoz. Stability analysis of the 

entries for seed yield in -E revealed that both entry x location 

(linear) and deviations from regression (nonlinear) were significant 

(Table 7.2.1). 'mn entries, namely FLIP 84-1121, and m P  88-48~, had 

above-average yield, nonsignificant deviations from regression and 

regression coefficient qua1 to 1, and were thus adaptable. A line from 

India (Pant L 406) having aboveaverage mean, nonsignificant deviations 

from regression, and regression more than 1 was responsive to favorable 

envimmmts. 

For Lentil International Screening Nurrery - Large (LISN-L) , Small 
(LEN-S) , Tall (YSN-T) , and Early (LISN-E) , the data for seed yield were 
reported f m  14, 11, 14, and 10 locations, respedively. The analyses 

of data revealed that at 6 locations in LISN-L (Heim, Izra'a, and Idleb 



i n  Syria; Ranrtha ard Jubeiha i n  Jordan: ard Elvas in  Portugal), 9 

locations i n  LISN-S (Jubeiha and Ramtha i n  Jordan: T e r b l  i n  Lebanon: 

Elvas i n  Portugal; Alepp, G e l l i n e ,  Idleb, Kd Izra 'a  i n  Syria: and 

Diyarbalrir i n  W k e y ) ,  9 locations i n  USN-'I (Tashwo in  M y a r i a :  

Lincoln in CaMda; Larissa i cn Greeoe; Caltagirone in I ta ly :  R a n t h a  i n  

Jordan: Elvas in Portugal; Gelline and Izra 'a  in  Syria: and D i y a r b a k i r  i n  

w h y ) ,  and 2 locations in USN-E ( m e w  in  Algeria and I s l d d  in 

Pakistan) som of the test entries exceeded the respective local check by 

a significant  margin (P-0.05). m e  five heaviest yielding lines acmss 

the locations in these nurseries are giver i n  Table 7.2.2. 

Table 7.2.2. The five heaviest yielding lines across locations in 
different  l e n t i l  screening nurseries, 1988/89. 

Name of Nursery 

Rank USN-L USN-S USN-T LISN-E 

1 FLIP 88-7L FLIP 89-25L FLIP 84-581. FLIP 89-53L 
2 FLIP 87- 15L FLIP 89-24L FLIP 88-501. FLIP 89-50L 
3 FLIP 90- 1OL FLIP 89-36L FLIP 85-331. Preooz 
4 FLIP 90-lL FLIP 89-37L FLIP 87-9L FLIP 89-521. 
5 FLIP 84-1561. FLIP 89-21L Idleb-l FLIP 87-72L 

me Lentil International F3-Nursery Iarge (UF3N-L) , F3-Nursery Small 

(LIF3N-S) , F 3 - N ~  Early (UF,N-E) , and F3-Nursery Cold Tolerant (UF3N- 

CT) , were reprted E m  3 ,  4 ,  2 ,  Kd 3 1-tions, respectively. A t  

almmt a l l  the locations som individual plant selections were made by 

the oooprators.  

The results of Lentil International Cold Tolerance Nursery were 

received only from 4 locations, namely Setif  i n  Algeria; General Tcshevo 



in Wgaria: and Eskisehir and E?zurum in llrkey. There was no cold 

damage at General TOshevo and Setif, at Ernuum there was no germination, 

and at Eskisehir all the lines were killed by cold. 

The results of Lentil Inten?atioml m y t a  Blight Nursery were 

received from Islamabad and Faisalabad (Pakistan), Eruurn (~Icey), 

Lincoln (Newzealand) and G w h  (Algeria). mere was no disease 
infestation at Gueh and Faisalabad. Data were recorded for 7 test 

entries and only two entries, ramely ILL 5725 and ILL 6025 at Emuurn: 

all the entries except ILL 5599, ILL 5730, ILL 5750 and ILL 6002 at 

Lincoln in; and all the entries except ILL 5715, ILL 6002 and ILL 6024 at 

Islanabad were resistant to AsmAyta blight. The entries which took a 

rating of 4 or less across lccations, on a 9 point scale an3 thus showed 

disease tolerance included ILL 358, ILL 2532, ILL 3516, ILL 5244, ILL 

5588, ILL 5597, ILL 5604, ILL 5684, ILL 5714, ILL 5725, ILL 5751, ILL 

5755, ILL 5766, ILL 5988, an3 ILL 6025. 

?he results of Ientil International Fusarium Wilt Nursery were 

reported from 7 locations. mere was no disease infestation at 
Faisalabad in Paxistan, Larissa in Greece, Lincoln in Newzealand, Idleb 

in Syria, and Guelma in Algeria. At H e h  in Syria, however, entry EL42 

took rating of 5 and at Izra'a all the entries were rated between 1 and 

3 (on 1 to 9 scale, l=free 9=killed). 

nJo of the three locations for which data on seed yield were 

reported for Lentil Weed Control Rial (IWCT) exhibited significant 

treatment effects. At Karaj in Iran the yield loss due to weeds was 

35.7% and treatment TI1 [Pre-&m2qence application of c?orbromumn 

(Maloran) at 1.5 kg a. i./ha plus 0.5 kg a.i./ha of pronamide (Kerb) 1, T12 
[Pre-eiwqmce application of pmtrj'ne ((Gesaqard) at 1.5 !q a.i./ha 

plus 0.5 kg a.i./ha of pmnamide (Kerb)], and T5 [Pre-emergence 

application of chlorbrmuon (Maloran) at 1.5 kg a.i./ha] in order of 
merit were significantly superior to weedy chd. At Terbol in Lebanon 

the yield loss due to weeds was 40% and all the herbicide treabrmts were 

significantly superior to the weedy c h d  except T8 [Post emergence 



application of dinoseb acetate (Aretit) at 0.1 kg a.i./ha plus 0.5 kg 

a.i./ha fluazifop butyle (Fusilade)). 

T h e  results of Until In-tio~l Rhizobim Inoculation F e s p n s e  

Trial (m) were reported from 4 locations, Tiaret in Algeria, Toshevo 
in Bulgaria, Alamaya in Ethiopia and Yaraj in Iran. At all these 

locations the differences between treatnwts were nonsignificant. 

T h e  seed yield data were  analyzed for 17 lozations for Chic- 

Interr?ational Yield Trial-Spring (CIYT-SP) . A large n m k r  of test 

entries exceeded the respedive local check by a significant margin 

(W0.05) at four locations, m l y  Montboucher in France, Papiano in 

Italy, Tartus in Syria, and Eskisehir in Turkey. The five best entries 

across the locations were ILC 482, FLIP 84-164C, FLIP 87-852, FLIP 87-74C 

and FLIP 87-58C. 'Ihe stability analysis (Table 7.3.1) revealed that 

pooled deviations and entry x location (linear) were significant. lhe 

entries FLIP 87-74c, FLIP 87-8c, FLIP 87-72c and FLIP 87-59C with above- 

average seed yield, regression equal to 1.0 and deviations approaching 

zero had average stability. Some of the entries like ILC 482, FLIP 84- 

lac, and FLIF84-19C with regrwion greater than unity, deviations 

approaching zero and be-average mean yield were with specific 

adaptation to high-yielding envimmts. 

The seed yield data for Chi- International Yield Trial-Winter- 

Mediterranean Region (CIYFW-MR) revealed that at 16 locations (Athalassa 

in Cyprus; Sarir in Libya; mlentino in Italy; Sevilla in Spain; Mamd in 
Jordan; Guelma, Setif and Sidi Be1 Abbes in Algeria; Cordoba in Spain; 

Homs, Heirno, Tartus, Gelline and Al Qlab in Syria; Urfa and Sansun in 
'rurkey) out of 32 same of the entries exceeded the respective local check 
by a significant w i n  (P=0.05). lhe five best entries across locations 

included FLIP 86-52, FLIP 84-15C, FLIP 85-60C, FLIP 85-93C and ILC 482. 

The ANOVA for stability for seed yield indicated that mean squares due to 

p l e d  deviations and entry x location (linear) were significant (Table 



7.3.1) . One entry (FLIP 85-56C) had regression coefficient greater than 
1, nonsignificant deviations from regression and him mean yield and was 

thus responsive to favorable -swim-. Some of the entries, namely 

FLIP 85-48C, FLLP 85-74C, FLIP 86-6C and FLIP 85-5C, had regression 

coefficient equal to 1, deviations f m  regrwion approaching zero and 

the seed yield more than the general mean, and were thus widely 

adaptable. 

Table 7.3.1. ANOVA for stability of seed yield for the entries in CIYT- 
sp, and Cl3T-W-MR, conducted during 1989/90. 

Source of variation 

htry 
htry x location + 
location 
rcCation (linear) 1 232397.000** 1 
485613.000** 
h t r v  x location (linear) 22 58.721** 22 284.819** 
pool& deviation 
-led ermr 

* Significant at P = 0.05. 

Tbe Chickpa International Yield Trial-Sub-Tropical Region (CIW 

Sm) was renarred Chic- International Yield Trial Southern Latitude-1 

(CIYT-SY) . Out of 7 locations for which data were a~lyzed a few test 

entries exceeded the wpedive local check in seed yield by a 

significant -in at three locations (Wadi Vargat in Oman: Mirqora in 

Pakistan: and Tabuk in Saudi Arabia). The five heaviest yielders across 

locations were FLIP 87-42C, FLIP 87-6OC, FLIP 87-43C, FLIP 86-52C, and 

FLIP 87-27C. 

me Chi- International Yield Rial Early (CIYT-E) was renamed 

as Southern Latitude-2 ( C I S ) .  Results were reported from 4 



locations and only at Tel Hadya in Syria two of the test entries exceeded 

the local check by a significant margin. The five heaviest yielding 

entries a m s  locations included ILC 1539, IIC 2825, 1113 1687, ILC 2877, 

and ILC 2694. 

The Chi- International Yield Trial Idtin American (CI'IT-LA) with 

extra large seed was con3ucted for the first time during 1989/90. Tne 

results were reported f m  6 locations and ANOVA for seed yield revealed 

that at Santa Lucia in Costa Rica and Sonora in Mexiw, 3 and 2 test 

entries, respectively, exceeded the local check in seed yield by a 

significant margin (P = 0.05). The five heaviest yielders across 

locations included ILC 136, ILC 3780, ILC 464, IIL3 4183 and FLIP 87-5C. 

Results of Chic- Internatio~l Screening Nursery-Winter 

(c1SN-W) revealed that at 6 locations out of 24, test entries exceeded 

the respective local check by a significant margin (P = 0.05). The 

five heaviest yielders acrass the locations included FLIP 88-15C, FLIP 

88-5C, FLIP 88-2CC, FLIP 88-2C, and FLIP 88-7C. 

?he results of Chickpa International Screening Nursq-spring 

(CISN-S) were reported from 14 locations. Only at one location, 

Mushagar in Jordan, four test entries exceeded the 1-1 check in seed 

yield by a significant (Ft0.05) margin. ?he five kt-yielding lines 

acnx.5 locations included FLTP 88-75C, FLIP 88-36C, FLIP 88-56C, FLIP 

88-74C and F U P  88-66C. 

National PrograDp Scientists, R.S. Malhotra, D. Beck, W. ErsIcine, 

S. HalWKdt, L.D. Robertson, M.C. simeM, K.B. Singh and S. Weigand 

The results of Chi- Internatio~l Screening N w r y  for 

Southernly Latitudes-1 (CISN-SLZ), swthernly Latitudes-2 (CISN-SU) 

and Latin AnErican (CISN-IA) were rep3rted from 2, 3, and 6 locations. 

respectively, and sane of the test entries exceeded the local check by 

significant margins at 2, 0, and 1 locations, respectively. The five 

best entries acrcss locations are given in Table 7.3.2. 



Table 7.3.2. The five heaviest yielding lines across locations in 
different chickpea srreening nurseries, 1989/90. 

Name of Mlrsery 

Rank CISN-W CISN-SP CISN-SL1 CISN-SU CISN-LA 

1 FLIP 88-15C FLIP 88-75C FLIP 88-19C ILC 1726 ILC 6074 
2 FLLIF 88- 5C FLIP 88-36C FLIP 88-72C ILC 1396 ILC 3808 
3 FLIP 88-20C FLIP 88-56C FLIP 88-29C ILC 1671 FLIP 87- 1C 
4 FLIP 88- 2C FLIP 88-74C FLIP 88-45C ILC 1681 ILC 4178 
5 FLIP 88- 7C FLIP 88-66C FLIP 88-69C I I C  2858 FLIP 81-2932 

The Chi- Internatioml F4 ~urjery Meditemarem (c1~4n-MR) and 

Chickpea I n t e r n a t i o ~ l  F4 Mlrsery Southernly utitudg (CIF~N-SL) were 

supplied to cooperatOXS for plant selection for developing their own 

breeding &rials. Several national pmqram mde gOOd use of these 

nurseries. 

The Chickpea International kwxhyta Blight Nurjery (CIABN) results 

were reported f m  14 locations. None of the entries was tolerant to 

kwxhyta blight infestaticm across locations. considering the frequency 

of oocurrence of an entry among the tolerant group (with rating up 4 on 

1-9 scale), it was clear that five kabuli entries (FLIP 84-79C, FLIP 84- 

93C, FLIP 84-99C, FLIP 84-112C, and FLIP 84-133C) appBared best as they 

occurred 11 times in the tolerant group, and were followed by ILC 3279, 

ILC 5918, ILC 6043, ILC 6188, FLIP 83-21C, FLIP 83-48C, FLIP 84-83C, FLIP 

84-92C, FLIP 84-102C, FLIP 84-112C, and FLIP 84-133C wflih each axwred 

9 times in this group. 2hese entries thus exhibited broad based 
resistance to Asccchyta blight. Similarly, FLIP 87-501C, FLIP 87-509C, 

and FLIF87-510C among desi lines exhibited better broad b a a  resistance 

than the rest. 



The results of Chi&pa International Leaf Miner Nursery (CIIMN) 

were rep* from six locations. mere was not much infestation at 

Setif in Algeria and Tel Hadya in Syria. At other lmdti0ns the 

susceptible check tmk a soore between 7 and 9 on 1-9 scale. C N ~  of 30 

test entries, six entries (ILC 316, ILC 394, ILC 655, ILC 1009, ILC 1216, 

and ILC 3800) were rated between 1 and 3 (on 1-9 scale) mre frequently 

than others and were thus relatively better in resistance. 

For Chickpea International Cold Tolerance N m s 3 y  (CICIN) the 

reaction was reported f m  seven locations, Setif in Algeria; Tahuk in 

Saudi Arabia; D i y M r  and Erzunrm in Turkey: Tel Hadya and Breda in 

Syria; andTertal in lebanon. At Tel Hadya and Ere5a only one entry, ILC 

3470 (later purified and renamed as IIc 8262) survived severe winter with 

a rating of 4. At Emmmm only three entries ILC 668, ILC 3465 and FLIP 

86-86C b k  rating of 3 and were tolerant. Across locations, six entries 

(ILC 3465, IIC 3470, ILC 5615, ILC 5668, FLIP 85-93C and FILP 86-87C) 

occurred most frequently mriq the cold tolerant lines as compared to 

others. 

?he data on Chi&pa Weed Control Trial (CWCT) was reported from 

seven locations. The ANOVA for yield revealed significant differences 

between treatment n w h s .  m e  yield lass due to weeds for the locations 

showkg significant mean square due to weedicide treatments varied f m  

62.6% to 70.6%. Treabnents T5 [pre-emxyence application of terbutryne 

(Igran) at 3.0 kg a.i./ha], T10 [pre-aeqence application of cyanazine 

(Fortml) at 0.5 kg a.i./ha plus 0.5 kg a.i./ha of p m d d e  (-)I, TI1 

[pre-einergence application of chlotobramxon (Maloran) plus 0.5 kg 

a.i./ha of pmnamide (Kerb)] ard 'I3 [p-rqence application of 

cyanazine (Fortml) at 0.5 kg a.i./ha plus 0.5 kg a.i./ha of p m d d e  

(Kerb) ] at El Safsaf in Libya: t r e a b t  T4 [p-ence application of 

terkuthylazine + t e~+~ t . r y rE  (TQxqard) at 0.75 kg a.i./ha], T10, T5 and 

TI1 at Di-r in 'Turkey; treatment T9, T11, TI0 at T e h l  in Lebanon; 

and treabnent T11, T12 (pre-emxyence application of methaknzthiazuron 

(Tribunil) at 3.0 kg a.i./ha plus 0.5 kg a.i./ha p m d d e  (Kerb)) and 

T10 at Dera-Imil-Khan in Pakistan w x e  m n g  the superior treatments 



excelling the weedy check by significant margin. 

The results of Chiclqpa Irrternational Rhizobiun Inmulation Response 

Trial (GIRT) were reported from six locatim. ?here were significant 

differences for seed yield amng treaixenb at Alamya in Ethiopia, and 

Setif and Tiaret in Algeria. None of the treahs&s at Almya in 

Ethiopia; Strain No. 31 and strain No. 44 at Setif in Algeria and Strain 

No. 31 and strian No. 39 at Tiaret in Algeria excelled the control in 

seed yield by a significant (Et0.05) margin. 

7.4. Pea 

The results of Fed International Adaptation Rial (PIAT) were reported 

from 14 locations. AT seven locations, m l y ,  Tel Hadya in Syria, 

-1 in Lebanon, Jindiress in Syria, Athalassa in cypn~~,  Sidi Be1 

Abbes in Algeria, Elvas in Portugal, and Cordoba in Spain, respedively 

10, 12, 15, 21, 2, 2 and 21 entries exceeded the local check by a 

significant (Et0.05) margin. 'Ihe five hest entries overall locations 

included FS 210713, Local selection 1690, Syrian Local AleFpo, FS 510314 

and SV 51741. The stability analysis revealed that none of these five 

entries was stable in perfolmance. 'Iwo other entries, ILP 845, and Pj 

5106999, with abwe average yield perfomce, regression coefficient 

equal to 1.00, and deviations approaching zero, were stable. htry 

Century, with abwe average seed yield, regression ccefficient greater 

than one and deviations approaching zero, sh& specific adaptation to 

high yielding environwnts. 

7.5 .  Identification of Superior Genotypes by NARS 

The national pmgram scientists participating in the l q m e  International 

Testing E r c q a m  identified and reported the release of 10 varieties of 

chi*, 5 varieties of lentil and seven varieties of faba ban during 

1990/91. Except Precoz (ILL 4605) which was released in Egypt for mixed 
cro~ping in sugarcane all other varieties ryere released for general 

cultivation (Table 7.5.1) . In addition, several lines were identified 



Table 7 . 5 . 1 .  Fccd and forage legwe cultivars reported during as released 
by different ~ t i o ~ l  p~0gran~5 during 1990/91. 

Country Cultivars Year of Specific features 
released release 

m i  chickpa' 
Algeria FLIP 84-79C 

FLIP 84-92C 
China ILC 102 

ILC 411 

I E  3279 
Syria Ghab 3 (FLIP 82-15K) 

'Tunisia FLIP 84-79C 
FLIP 84-92C 

Turkey Akcin (87AK 11115) 

1991 cold a r d m y t a  blight resistance 
1991 m y t a  blight resistanoe 
1988 For Qinghai province 
1988 For Qinghai provim 
1991 Iarqe seed, Ascochyta bliqht 

resistance 
1991 Tall, Axcchy ta  blight resistance 
1991 High yield, cold and Ascochyta 

blight resistance 
1991 m y t a  bliqht and mld resistnce 
1991 Large seed. A s c x h y t a  bliqht 

resistance 
1991 Cold and m y t a  blight 

resistance 

mtil 
m e n t h  Arbolito 1991 Tall and early 

(ILL 4605 x-4349) 
China FLIP 87-53L (Im242) 1988 For Qinghai province 
Egypt Precoz (ILL 4605) 1990 For intercmpping in sugarcane 
M o m  P r g o z  (ILL 4605) 1990 m t  resistance, high yield 
m k e y  Sazak'91 (NEL 854) 1991 Winter sowing, red cotyledon 
U.S.A. Crimson (ILL 784) 1991 High yield in dry areas 

Faba bean 
Egypt Reina Blanka 1991 For new areas 

Giza 461 1991 For north delta, disease 
resistance, high yield 

Portugal Favel (805 43977) 1989 High yield 
Sudan Sellain-ML 1990 Large seed. good quality, 

wide adaptation 
Shambat 75 1991 For El-Rahad area of Sudan, 

large seed 
Shambat 104 1991 For central region specially 

Gezira. Large seed, dual purpose 
(green and dry) =. 

m w e  L-F- 
M o m  Vicia sativa 1990 Erect, tolerance to Omhnche, 

(ILF-V-1812) high yield, early 

'. All chic- dtivars are released for winter sowing, except for Akcin 
in m k e y  mich is released for spring sowing. 



for multilocation testing, on-fann trials or pre-rel- multiplication. 

Rlso a large rnrmber of lines resistant to various stresses were 

identified and they are being used for dired or indirect sxploitation. 

National Progrena Scientists, R.S. Malhotra, X.B. Singh, W. Erskine, 

L.D. Robertson, M.C. Saxena, 8. Weigand, D. W, and S. Hanolmik 



8.1. Nile valley Regional 

8.1.1. Egypt 

8.1.1.1. Faba hean 

Faba bean area and prcductivity i n  Egypt have shown continuous increase 

i n  the l a s t  six years. ?he area i n  1990 was 134,252 ha w i t h  an average 

seed yield of 2.69 t/ha. An increasing adoption by Egyptian f m  of 

the remmxdat ions  emanating from N i l e  Valley Project appears t o  be one 

of the  m j o r  factor; r-ssp3nsible for  an increase i n  the prcductivity of 

faba bean in Egypt. 

The p i l o t  p r u i u c t i o n d e m o n s t r a t i o n  program w a s  continued during 

the 1990/91 season, w i t h  120 sites inMinia, 66 i n  Fayoum, 20 i n  Eeheira 

and s i x  in Kafer El-Sheikh governorate t o  compare an inproved production 

package w i t h  the practices adopted by the neighbring farmers. Nine 

different  sets of inproved production packages were used depending on the 

region and production problem. As an average of a l l  the demonstrations, 

the inproved package in Menya and Fayom on the averaqe increased the 

seed yield by 0.48 t/ha (26%) and straw yield by 0.33 t /ha (12%) over the 

f-'s practice. In  Behaira and Kafer El-Sheikh the correspording 

average increases were 0.57 t /ha (43%) and 0.08 t/ha (10.7%), 

respectively. 

In  Minia the p i l o t  production-cum-damnstration plots having an 

irrproved package of Giza 402 cultivar, sown in early Nov* a t  a seed 

rate of 184.5 k g p  w i t h  a f e r t i l i z e r  application of 35.7 kg N and 71.4 

kg PZO+a, w e d  control by hand o r  he&icide, aphid control with Pirimor 

i f  needed, and optimum water management, gave an increase o i  24% i n  seed 

yield and 4.3% in straw yield over the neighbor* farmers. These 

increases were highly economical. 

I n  Beheira and Kafer El-Sheikh governorate hhere c h m l a t e  spot 

disease is camron, the newly released disease-resistant cul t ivar  Giza 461 

was demonstrated on 19 sites. A s  an average of both governorates, the 



new c u l t i w  yielded 43% mre seed and 11% more straw as compared to 

standard cornnercial d t i v a r  Giza 3. 

In the Orobanche-infested - of Minia, Fay-, and Beheira, 

dmmstration of integrated omhmhe  control was done based on use of 

Giza cvltivar and glyphosate (179 cc of Lancer i n  500 liters of water a t  

flowering stage and again 15 days l a te r ) .  Plots in  Minia showed on the 

average an increase of 1.03 t/ha (40%) i n  seed yield and 1.47 t/ha 

(19.5%) in s t r a w  yield and in  F a y m  an average increase of 0.94 t/ha 
(106%) i n  seed yield and 1.19 t/ha (54%) i n  s t r a w  yield over the 

neighboring fanners. The rcxamended package reduced both the number and 

dry weiqh t  of Orobanche spikes and w a s  highly eccowmical. 

In 22 demsnstrations in  Minia and Fayoum governorate, a reduced ra te  

of g l y p h o ~ t e  use (95.2 cc Iana?r/ha) i n  combination w i t h  fo l i a r  

application of mineral nutrients (1% N, 1% P and 2%K) a t  500 lJha was  

w t r a t e d  in place of the ear l ier  m e d  rate of glyphosate which 

sometimes causes phytotoxicity. This new reccomnendation was rn 

effective i n  reducing the Orobanche infestation and increasing yields; 

the seed yield increased by 13% in Minia and 20% in Fayoum and the 

respective increases in  the straw yield w e r e  17% and 4%. It was also 

more econcnnical than the old recornnendation. 

The resex&er-~~naged on-farm t r i a l s  focused on intercropping of 

faba bean w i t h  ratccm sugarcane i n  Minia and w i t h  s u g m t  in Beheira 

and Kafff El-Shaikh. Also agronomic practices for  the newly released 

cult ivarr  Giza  461 and Reina Blanca in  Kafer El-Sheikh governorate were 

evaluated. 

InMinia, in tercroppiqof tworowsof  fababeaninbetweentwomws 

of ratcon sugarcane giving 25 plants of bean/& produced highest seed 

yield capxed w i t h  single or t r i p l e  rows of faba bean which gave a faba 

bean density of 17 and 33 plants/$, respectively. Inoculation of faba 

bean w i t h  Rhizobim culture before sowing gave a significant and economic 

increase in yield of faba bean i n  t h i s  system over u n i n d a t e d  seed. 



In  Kafer ~l-sheikh, the two newly released faba bean d t i v a r s  Giza 

461 and Win3 Blanca were used for in-ing in  sugarteet f ields.  

Olle row of one of these cultivars w a s  sown on the opposite side of the 60 

an spaced ridges of s u g m t  one month a f te r  sowing sugarbeet. This was 

compared w i t h  pure rrap of qarteet. Intercmppirq did not reduce 

suqarteet yield and the yield of faba bean was 297 an3 448 kg &/ha for  

Giza 461 and Reina Blanca respedively, resulting in  an increase in  the 

net  i r a m e  by 458 and 747 =/ha respectively, over the pure crop of 

s u q ~ t  (Table 8.1.1) . 

Table 8.1.1. Effed  of intercropping two new cult ivarj  of faba bean with 
sugarbeet on the yield and economics of prcduction a t  Kafer 
El-Sheikh in 1991. 

Yield (t/ha) Total income* 
Treablents *Kbeet rmts Fababean ( m m )  

Sugarbeet alone 81.5 0.00 5501 
s B  + Giza 461 81.2 0.297 5959 
SB + R. Blanca 81.8 0.448 6248 

* Official price of LE 67.5 ard LE 1613/t of suqarteet and faba bean 
respedively. 

Four on-fann researcher m g e d  t r i a l s  in  Beheira and Kafer E l -  

Sheikh governorate tested the foliar  disease resistance of m l y  r e l e a d  

varieties Giza 461 and Rein3 B l a n c a  against standard cultivar Giza 3 by 

sub j ec t i q  them t o  varying regimes (0, 1, 2, 3 and 4 sprays ) of Dithane 

M45 fungicide. Tne increase i n  yield due t o  full protection w i t h  fo l i a r  

spray of fungicides was least (11.7%) in Giza 461 demonstrating its 

superior disease resistance i n  contrast t o  Giza 3 (22% yield increase) 

ard = h a  Blanca (26.6% yield increase due t o  fungicide protection). 



Back-up research was wmhxztd on breeding, aqmnomy, pathology, 

entonolcgy, microbiology, Orobmche ard weed control, soil fertility ard 

plant nutrition, ard nutritional quality. Details of these studies are 

available in the "Annual Report of the Nile Valley Regional Program - 
Fgypt for 1990-91". Only major hiqhlighk are prfsmted here. 

In the b r e d i q  p w  27 faba bean lines were identified as 

p d s i r q  for choplate spot resistance ard six families d i n e d  foliar 

disease resistance with high seed yield. Eighteen lines shawed tolerance 

to Orohnche at Giza. Seventeen F4 and 10 F6 families recorded lcwer 

aphid infestation rates than the the cultivar Giza 402 at Sids research 

station. All these lines were seleded for further evaluation. To 

develop a fully autqamus faba bean with high level of autofertility and 

high yield, research work began in 1991 with the meening of 150 

gene* in b-prmf cages, an3 highly autofertile acoessions have been 

found. 

In the calcareous soils at Mlbaria, Reina B l m  faba bean showed a 

significant increase in seed yield by 3 sprays of 2% P2q (at 30, 60 and 

90 days after sowing) w n p r d  with a soil application of 35.7 !q P Z @ g h .  

Evaluation of 11 faba bean dtivars for their nitrogen fixation ability 

using 151i fertilizer at Mallawy research station showed that the 

-qe of plant nitrcgen derived f m  the atmosphere ranged from 49.6 

to 61.7%. with Geiza 402 I-ecording the highest value. In mcbmche 

chemical control study, &ination of Imazapyr (Arsenal 25% EC) at 30 g 

a.i./ha pre-mergence with glyphosate (Lancer) at 60 q a.i./ha post 

ansqence (7 weeks after sauimq) gave better parasite control with less 

phytotoxicity than the use of glyphosate at standard rate, three times, 

post-ence. 

The pmgram paid attention to seed multiplication, and 100 t seed of 

Giza 461 and 45 t seed of Reina B l m  were pmcessed for 1991/92. 



8.1.1.2. Lentil 

M t i l  was grown on 6769 ha in F q p t  in 1990/91 with an average of 1.9 

t/ha. Nearly 50% of the total area of this cxp in Egypt is concentrated 
in the Lklta region tecau5e lentil cmp was intnxhxd in Sharkia, 

Dakahlia and mfer ~l-sheikh govmrates after the construction of High 

Dm. ?he mjor constraints to lentil praiuction there are water 

mnaqemmt, diseases, aphids and weeds. A pilot-pro3uction-cum 

danonstration program was started in this area to demonstrate the 

possibility of resolving these constraints. 

A total of 39 demnstrations (20 at Sharkia, 5 at D3]63hlia, 10 at 

Kafer ~l-sheikh and 4 at Baheira governorates) were corducted involving 

an @roved package of one irrigation 4 weeks after sowing, seed rate of 

143 kqm, weed control using Gesagard at the rate of 2.5 kg a.i./ha as 

pre-emerqence application, control of d m y  mildew using ~idomil-Kmcozeb 

58 WP at 205 g/100 1 and aphid control using Pirimor. The yield in 

demonstration plots over neighboring farmers was 9%. 13.2% and 48% higher 

in Sharkia, Dalcahlia and Kafer El-Sheikh, respectively. In Behaira, 

Precoz cultivar cutyielded local cultivar Giza 370 by 26%. Over all the 

demo~strations, the recomwded package increased the seed yield by 11% 

and straw yield by 12% over neighboring farmers and the ecodcs was 

better. 

-er-mged on-farm trials focused on land preparation, 

seeding rate and irrigation methais for lentil for different cmpping 

systars. Irrigation study s h d  that two surface irrigations (20 and 50 

days after sowing) resulted in a significant increase in seed yield (53%) 

over farmer's practice of one pre-scwing flcaling irrigation to simulate 

Nile flmds, a a m m n  tradition in the old lentil-qrming area of Egypt 

which has MSW gone out of prduction after the construction of High Dm. 

me-sowing irrigation, with a seed rate of 95 kg/ha and covering seeds by 

using mtwator, was the optimal package to overcome the problem of p r  

stand establkhmmt and low yield in rotation with rice under 'Zero- 

tillage' system. 



Back-up research in lentil breeding identified 16 promising entries 

cut of 111 tested entries intm3.uced f m  ICARDA as they outyielded the 

best check. 'Ihree genotypes (ILL 6024, ILL 5700 and ILL 5782) showed 

hi* resistance to mot rot in the disease-sick plot. The major seed- 

kame pathogens associated with seed were Fusarium sp. and Rhizoctonia 

solani. Weed control studies reconfimd that pre-enmyence application 

of Gesagard at 1.5 kg a.i./ha either singly or in combination with Kerb 

(0.5 kg a. i./ha) was the most effective hdicide treatment to cnntrol 
weeds in lentil fields. 

8.1.1.3. Chickpea 

Area of chickpa in Egypt is limited and there is great interest in the 

crop in the 'newly reclaimed' areas in the North. Demonstrations were 

corxiucted at three lccations in Pssuit and Behaira governorates using an 

impruved production package amprising chi- line 531, a seed rate of 

95 kg/ha, inoculation with Rhizobium (ICARLYL strain 44) and pre-emqen8 

application of Tqcgard to control weeds. On the average, the inpmed 

package gave 23.5% increase in seed yield over the neighboring farmer and 

this increase was highly mncnnical. The increase was hiqher in Beheira 

(39%) than in Assuit (12%). 

In the researcher-mged on-farm trials in Assuit, Quena, 

Ismillia, Beheira and Alexandria gwmrate ,  two breeding lines (L70 

and FLTP 84-80c) outyielded the farmers' check cultivar by nearly 37%. 

In the back-up research on breeding, 5 accessions were identified 

and selected for M e r  evaluation (2 progenies of the cross Giza 88 x 

ILC 365: FLIP 86-21C, FLIP 87-55C and FLIP 88-87C). Indation with 

Wlizobimn caused significant increase in yield over unindated check 

a r d  nitrogen application. Nitrcgen application itself also resulted in 

increased yield. 

National Scientists fm Eg-@ 



8.1.2. Ethiopia 

Ethiopia is one of the largest prcdusxs of cool-season f d  legumes with 

nearly 0.313 m ha under faba bean, 0.136 m ha under chickpa, 0.134 m ha 

under field pea and 48,000 ha under lentil. These crops are grown for 

h m  wnslrmption as well as for exprt, ard fanners realise their value 

in the c rq  rotation. Lathvms is also extensively grown, particularly 

on heavy soils under moisture supply conditions which are insufficient 

for chickpa ard faba bean. All the crops are grown rainfed and average 

yields at 1.14 t/ha for faba bean, 0.73 t/ha for chiclrpea, 0.78 t/ha for 

field p a  and 0.67 t/ha for lentil are rather low. Research is being 

conducted under the Nile Valley Regional Prcgram on these crops. 

8.1.2.1. Faba beall 

Pilot-pruiuction-cun dmnstration prcgram was executed in Arsi, Central 

Shewa and North-west Ethiopia (Gojam) areas. Dermnstrations on 14 

locations in Arsi zone using 20 DK genotype at 200 kg seed/ha, 100 kg 
W / h a  and hand weeding twice resulted in yield levels ranging from 2.4 
to 4.16 t/ha with an overall mean of 3.53 t/ha as against the fanners' 

yields ranging from 1.2 to 3.33 t/ha. The overall economic benefit over 

farmers' pradice was 43.0% (about 946 Birr/ha) and the m i n a l  rate of 

return (MRR) on investment was 535%. Ban~trations on 21 sites in Dega 

and Woina Dege area of the central zone of Shewa sh& a 40-207% 

increase (mean 91%) in yield over farmers' mthcd with an additional net 

benefit of 932 Birr/ha and a MRR of 393%. Dermnstrations on 3 sites in 

northwest Ethiopia (Gojam) were conducted to show the superiority of the 

inproved variety (20 DK) . The inproved variety gave a yield increase of 
1.12 t/ha (112% increase) resulting in an increase in the net revenue of 

470 Birr@ with a MRR of 307%. Thus, the inproved genotype and other 

-nents of the inproved pduction package have been passed on to the 

extension agencies for further popularization in the newer areas. 

Popularization of inproved faba bean prcduction was follaved up in 
Ada Awraja and benefit from the adoption of the inproved pacltage was 

quantified by wnpuing the pruiuctivity and economic returns of the 

'adopter' famer with the neighboring 'non-adopter ' . The f m r s  adopting 



the improved methcd got a hiqher net benefit with a of 1763%. 

-managed on-farm studies included a diagnostic m e y  of 

faba bean p-ion in Amqcha area of Shewa an3 verification of 
several agrcownic practices. Diagnostic w e y  covering 35 sample farmers 

reveal- that (a) mjor crops in the order of iqmrbme were small 

cereals, faba bean, field p a  and Erwt: and (b) major proxlction 

constraints for faba bean were shortage of arable land, soil emsion, 

chocolate spot disease, rust and aphid infestation. On-farm verification 

of inpruved faba bean varieties at four locations in West Gojam revealed 

that 20 DK was the best genotype, with a yield of 2.63 t/ha capxed with 

a yield of 1.93 t/ha for 'local' varieties resulting in an additional net 

revenue of 326 Birr/ha. 

On-fam verification of pre-emergenoe hdicide Terbutryne at 4.0 kg 

pKduct/ha with hard weeding once in 25-30 days after w i n g  and no 

weeding treaixent (mmmn farmer practice) revealed that hand weeding 

once was the best at both W o r n  and Debre Zeit, where faba bean seed 

yield increased by 23% and 17%, respedively, over &ed check. 

Farallel studies on wheat revealed that chemical we%3 control was nmre 

d c a l  than hard weeding in the crop. Hence the lator released from 

wheat fields on the adoption of hdicide use there could pennit weeding 

in faba bean. lhis would increase overall e c o d c s  of the production 

sys-. 

Back-up research on breeding included national variety trials, 

r e g i d  varietal trial for the Northwest (Adet and Mote), pre-national 

varietal trial in Bale, development of pure lines of faba bean at Holetta 

and evaluation of indigenous and exotic faba bean germplasm. lhe 

national varietal trial for M i m  elevation identified MKFIllulmkor and 

NEB 207 x 74 TA-60 K most promising with a mean yield level of abwe 2.9 

t/ha a- 4 lmtions ( M i ,  Kulunesa, Adet and Asasa) . meSe will be 

considered for release. 



Lodging is a serious problem in faba bean i n  major p d c t i o n  areas 

in Ethiopia, hence there is great interest in the de tmximte  plant  type. 

Several very promising determinate lines have kern i d e n t i f i d :  C-83104-3- 

1, C-310074-6-2, F'LIP84-240-1, F'LIP86-119-2-1, E-87024-1 an3 rnF-86- 

146-2. 

Back-up research i n  agronany investigated the yield e f fec t  of methcd 

and rate of d ing ,  rate of seeding and weeding frequency, and pre- 

ereqexce application of M i c i d e s .  Also evaluation of different  

t i l l a g e  inplements was done. R m  sowing was htter than b m d c a s t  

seeding, and a d i n g  rate of 200 kg/ha appeared o p t h  a t  both Bekoji 

and Kulwsa. Single ham3 weeding o r  use of pre-meqexce h b i c i d e s  such 

a s  mtolachlor + metobranuan o r  p r u d d e  mixed with terbutryne o r  

cyanazine o r  mthabenzthiazuron pmved effective in controlling weeds an3 

increasing the faba bean yields significantly over W e d  check. 

Nazareth mould bmrd plo@ was mre effective than the local 'Maresha' 

plough for  preparatory t i l l a g e  i n  early April t o  mid-May i n  the nitosols. 

Chocolate spat  and rust infestation was canumn. Six entr ies  were 

rated as tolerant  t o  chocolate spot and seven entries t o  rust in the 

third stage screening for  these diseases. In addition, several single 

plant  selections (9 for  chocolate spat  and 74 f o r  rust) w e r e  made. Pphis 

craccivora and Heliorxxrerm armisera w e r e  the major i n .  pgts but 

t h e i r  infestation was not very hi*. Screening for  aphid resistance a t  

Wre Z e i t  could,  therefore, not ise su-ful. 

8.1.2.2. -ti1 

&inonstration of inproved p d c t i o n  package of l e n t i l  (improved variety 

Chalew (NEL 358), 70 kg segl/ha, sowing date mid-July, and one hand 

weeding) was done a t  5 sites in Shewa region in  1 4  damnstration plots. 

'me inproved package gave 705. increase in yield and an additional net 

bersefit of 225 Birr/ha w i t h  a marginal rate of return of 284%. on-farm 

verif ication of pea aphid control i n  l e n t i l  a t  3 locations in Shewa 

region sham3 t h a t  Pirirror 50% WP at  1 kg prcduct/ha o r  ~imethoate 40% EC 

a t  725 ml/ha increased seed and straw yield of l e n t i l  NEL358 over 



unsprayed check, but the marginal rate of return for the treatmnt was 

low (only 64%). ~rwct pests found a t t a w  lentil in Gojam area were 

cutworm (Aarotis iwilon) and pod borer ( H e l i m e m  a~miaera) . In Mots 

an3 Biche~ areas of east Gojam aphids (Acvrthosichon gisum) and thrips 

(Caliothrir, m) were most inpartant. 

Back-up sttidies in breeding included evaluation of 24 promising 
lines under different envimmtal conditions as rep-ted by Debre 

Zeit, Sheno and Koka. Because of heavy rains late in the season, 

Asaxhyta blight developed and reduced the prcductivity of several lines. 

Across the lmtions Dz-90-~0052 and DZ-90-Lo055 showed good p e r f o m  

with yield levels around 1.3 t/ha. One h- and seventy-four 

accessions of local gemplasm collection were evaluated at the above 

three sites and large variability for different agronomic traits 

observed, which will be used in the breeding work. Four nurseries of 

advanced lines, two nurseries of segregating populations and one yield 

trial received from ICARDA were evaluated at Debre Zeit ard evaluated for 

their reaction to rust and Ascwhyta blight, besides yield and other 
desirable traits. Several selections were mde, particularly f r o m  the 

ILF4N-90 and LIF,N-E-90. 

One of the mjor prcduction wnstraints of lentil is waterlogging on 

heavy soil. A trial was therefore mrduded at Akaki, Debre Zeit an3 

Lknbi to mopare the planting of lentil on brmdbeds witsrfh furrow (BBF) 

vs. ridge and furrow (RF) planting. At the heavy soil sites of Akaki and 

Deb= Zeit, the yield was significantly higher in BBF methcd of sowing 

caopared with the RF methcd (Table 8.1.2), because the ridges get washed 

out due to rain and do not permit as good a drain as in BBF. 



Table 8.1.2. Effect of seedbed type on the yisld of lentil ( k q m )  at 
different laations in Ethiopia, 1990/91. 

Yield t k u h l  'sincreasein 
Location BBF RF I S D  CV vield over RF 

AMci Seed 1422 474 332 2 1  200 
straw 3439 2304 389 17 49 

Cebre Zeit seed 750 483 123 24 55 
Straw 3593 2883 694 13 25 

oenbi seed 916 766 NS 20 20 
Straw 4551 2596 706 15 27 

On-farm verification of this practice at ?daXi, D W i b a  and Keteb 

area, where the lentil crop is grown on vertisols, revealed that there 

was significant imzrease in yield by BBF method cconpared with the RF 
method, respective increases king 59, 102 an3 99% for grain yield and 

28, 27, and 59% for straw yield. Economic waluation s h d  that BBF 

nethod under existing price gave 554% q i n a l  rate of return over the RF 

methcd. The only complaint that farmers had about BBF methcd was that 

they needed a stroqer pair of oxen for BBF mker. 

Seven lentilwing of Shewa regions were surveyed for weed 

species cwnon in lentil field, covering 42 lentil fields on both liqht 

an3 heavy soils. July-planted lentil had more weeds than the crop wnvn 

in September to mid-<)ctober. On liqht soils mjor weed species were 

Scomims muriatus, pallidefusca and spp. whereas on 

black heavy soils 5. muriatus and Brassica spp .  were the predconinant 

species. Hand weeding o m  was tetter than pre-emergence application of 

terbutryne at 2 kg a. i./ha in controlling weeds and gave a significant 

increase in yield over we+ check. 



Survey of lentil dis- in Pddis Ababa and Shewa region rev&& 

that rust (caused by U r o w o e s  fabae) was the nmst widespread and damaging 

disease followed by mot mts (caused by Rhizodonia solani ard 

Sclemtim rolfsii) . The latter was mostly present in the crops grown on 

black clay soils in early July. Farmers terd to delay sowing to 

September to avoid the problem of root rots. Ascochyta blight (caused by 

Ascochvtalentis), pderymildew (causedby Ewsiuhespp.) and stem rot 
(caused by Sclerotinia spp.) were also present. A total of 66 lines 

seleded frum ICAFCA nurseries and some local accessions were evaluated 

for rust at Akaki. Most of the entries higher level of resistance 

to rust, particularly the exotic ones. Screening of 75 test entries for 

Asaxhyta blight resulted in identification of 20 entries with tolerant 

reaction. 

8.1.2.3. Chi* 

Imp- chi- variety Mariye with inproved prcdu&ion package (seed 

rate 80 kg/ha end of August to early Septe&er sowing, and one hand 

weeding) was demnstrated on 16 locations in Akaki ,  Modjo, ~lubollo, 

Ginchi, Shenkora and Ejere areas of Shewa aciministrative region. In all 

locations, inproved package gave higher seed yields (40% increase) and 

559 Birr- additional revenue over the traditional packaqe. 

Tdmty-five pdsing chickpea lines, selected from past 

intrcchztions and preliminary evaluations, were tested at 8 locations for 

their yield perfol~~nce and aqronomic characters. Most of the selected 
entries exceeded hest check entry significantly and will be tested in the 

advance yield trials next year. 

Nearly 300 local land race oollectiom of c h i c l e  were evaluated at 

Ko)ca and Akaki stations for various a g r o d c  c h a r a c k ~ .  large 

variability was obsemed. Thirty accwions were selected because of the 

superior perfom.mc= over the local check and will be further evaluated. 

Seventy-four lcabuli chi- lines reoeived from ICARDA were evaluated in 

3 trials (CISN-Sq-90, CIYT-Sk9O and CIF'N-SM0) at Debre Zeit and 17 

lines and 143 single plants selected. ILC 2400, 2694, 1824, 2904 



ard 2910 were early and p e r f o d  wel l .  

Influence of inproved drainage of vertisols on chi- productivity 

was evaluated in 1989/90 and 1990/91 a t  ?hki and K e t e b a  stations using 

brmdbed and furrow (BBF) method i n  contrast to the farmer's practice of 

sowing on f l a t  seed-bed l a t e  in the season men the danger of flcaling is 

over. Results, averaged over the two seasom (Table 8.1.3) , indicated 

that BBF inrreased the yields significantly (P<0.01) a t  both the 

lccations. The grain yield increased by 120% a t  Akaki and 94% a t  Keteba 

using BBF and respective increases in  straw yield h%zre 63 and 93%. 

Partial  budget analysis revealed that the gross revenue in  BBF methcd 

increased by 100% over the t r a d i t i o ~ l  metho3 and the MRR was more than 

250% for the a d d i t i o ~ l  invcstxmt. 

Table 8.1.3. lVo-year mean of grain and s t r a w  yield of chi- as  
affected by sowing m e t h d .  

Yield fku/hal 
Location Treatrent Seed Straw 

Akaki BBF 2021 2757 
Flat 
LSD fF0.01) 
oJ (%) 

Keteba BBF 
Flat 
ISD f F O . 0 1 )  

A survey of different chi- diseases in ?&is Ababa and Shewa 

administrative regions revealed that w i l t / r o o t  m t  and stunt were most 

widespread. Stunt was more widespread a t  flowering stage of crop growth 

than a t  earlier stages and the incidence was him- when plant st& was 

low. W i l t  was incited by Fusarium o x y s m m  f.sp. -, wet root rot 

by Rhizoztonia and collar ro t  by Sclerotium m l f s i i .  A w i l t  and 

root rot-sick plot has been develop3 a t  Debre Z e i t  which w i l l  permit 



effective screening for these diseases in the future. In order to 

monitor the variabil i ty in the m a t i o n s  of F. oxvs~onnn f .sp. 

a national w i l t / ? x o t  mt rnusery has been started for  evaluation in 

different chickpa-pmchlction aras in Ethiopia. 

The insect pests found attacking chidip2a were  cutworn (m 
imilon) and pod horer (Helicoverm armiqera) in  Mota Kd Bichena Aw-a?& 

of east Gojam. The damage from cutworm ranged from 0.5% to 90%, but pod 

borer was more widespread and pod damage ranged from 8.5% in Getero to 

27% in Guseza site. In the survey of f ie ld  insect pests i n  Pddis Ababa 

ard Shewa achninis'aative region, pod borer was the most ammmn pest and 

it was also important in Mojo, Ejere, Shenkora and amund Awash. 

Rercmnne trap m i t o r i n g  of the pod borer a t  tkbre Z e i t  from 1988 t o  

1990 revealed that moth catch peaked in the dry months of December ard 

Jamary while during the rainy months of April and August the catches 

were &l. This study is being c o n t h u d  along with the collection of 

data on weather corditions t o  re la te  the pod borer ppulation dynamics t o  

weather conditions. 

National Scientists frcm Ethiopia 

8.1.3. hldrm 

Research on faba bean, chi- and l en t i l  d e r  the N i l e  Valley Project 

was continued for the third season during 1990/91. me work on lentil 

and chickpa was done i n  the N i l e  and Northern provinces *eraas work on 

faba bean was done also i n  the non-traditional area south of Xhartoum. 

The 1990/91 season had unusually warm t a F l a t u r e s  during NOV- and 

December (3-4'C higher than the n o d )  which reduced the overall 

pmchlctivity of faba hean by nearly 50%, chiCkp3 by 30% and lentil by 

40% a m p r e d  w i t h  the previous season. 

8.1.3.1. paba bean 

The p i lo t  prcdudion-dmnstration prcgram was  conduded in the private 

pmp schemes in Shendi area, and in -la area in the Selaim basin. In 

s h d ,  adoption of the imp- package (early sowing, freguent 

irrigation and pest control) increased seed yield by 83% over the 



neiqthrhq famers who f o l l d  traditioml practices. In Dongla area, 
the inpwed package oonsistd of a newly r e l m  dtivar (Selaim 

Meaim -em), hand weeding and insect-pest control using Folimat. 

The remrnwded package the seed yield by 20% with a 25% 

increase in net benefits over the nei-ring fanners. 

Weed infestation is a mjor production comtraint for faba bean in 

the traditional gmwing areas of northern Sudan. Previous back-up 

research identified Pursuit at 0.05 kg a. i./ha when tank mixed with Goal 

at 0.24 kg a.i./ha as an effective bmadspectnrm herbicide treabmt 

when sprayed before the first irrigation. This was verified in research- 

m g e d  on-farin trial in Aliab during 1990/91. The treatment gave 95% 

control of all broad leaf and 82% of all grassy weeds up to 60 days after 

sowing and increased faba bean yield by nearly 60% over ume&ed check, 

the respective yields being 1.66 and 1.05 t/ha. 

Water allaxtion and its effect on technolcgy adoption by fanners 

was investigated in the Nile pmvince. It was shown that cash crops like 

banana and onions wte with faba bean for water allocation. Provision 

of more water through inproved fuel supply and arrangements for spare 

parts for p m p  will help in allocation of more frequent irrigation for 

faba bean, which is emnomically a very viable proposition. 

Pdoption studies in the traditiornl areas indicated that fanners 

were selective in adopting the c m p n e n t s  of the r m e d  pmiuction 

package. Adoption was better in plblic than in private schemes. The 

least adopted mnp3nent of the prcxiuztion package was the freque~~y of 

irrigation. 

In the non-traditional faba bean-qcwing areas, adoption of faba 

bean was high: nearly 89% of the -led farmers in Gezira grew faba 

bean, but mainly on the ridges of irrigation channels. In Rahad, where 

denbmstration was conrtucted only for one year, the percentage adoption of 

faba bean was low. It is estimated that nearly 3000 ha of faba bean was 

sown on irrigation channels and plot partitions in 1990/91 and this area 



is likely to increase in the coming years because of the increasing price 

Of faba bean. 

In the back-up on faba bean breeding, six yield 

verification trials were wmiwtd over the ent i re  faba bean-gmming area 

in the camtry. Gemtype 00616 gave the highest seed yield and surpassed 

the stardard check by nmre than 10%. In the ~ t i o ~ l  variety trial in 

tradit ional a?xas, BB7 gave highest seed yield over two consecutive - and a m  to be tolerant to moisture stress. ?he line m k  1/3 

tested in the advanced yield t r i a l  gave highest yield in both Sendi ard 

Hudeiba. 'Ihese lines could be candidates for future release. 

In mn-traditional areas, the Variety R e l e a s e  Ccmnittee approved the 

release of 'Shambat 104' for the Central region ard Shankat 75 for the 

Rahad area. To faci l i ta te  rapid seed nultiplication, breeders' seed is 

being provided to the seed propagation deparhnent. 

S M i e s  on screening of faba bean g m t y p s  for  leafminer resistance 

revealed that 36 out of 110 lines had qxd resistance. Evaluation of 

insecticides for  leafminer wntrul  s h d  that  W i s e d  (thiocyclam- 

hydnqmoxadate) w a s  more effective than Neem extract or  Furadan. 

However, natural parasites of leafminer were better protected whm 

Danitol-S or  Neem extract were used. 

lbe furgi associated w i t h  root ro t  ard w i l t  diseases were isolated 

and identified. lhese included, among others, Rhizodonia and 

MacmDhon!ina mseoli, wflich are prhaps reported for  the f i r s t  t h  as 

causing these diseases in faba bean in Sudan. 

unrestricted weed growth reduced faba hean yield by 72% in Wad 

Hamid. However, weeds could be effedively  controlled by using Fursuit 

(imezathapyar) alone or  tank mixed w i t h  Stomp or  Goal. 



8.1.3.2. Lentil 

The strategy of the Sudan govenunent is to expard the lentil area in 

order to reach self-sufficiency for the crop. To meet this aim, an 

impmed production package of lentil was demnstrated in Wad Hamid and 

-tab areas in the Nile pmvince, as these are the potential areas for 
future lentil production. lbe inpmved package in Ftuhtab included early 

sowing in the first two weeks of Novaker, seed rate of 107.1 kq/ha, 

frequent irrigation (every 10 days), weeds and insect pest control. In 

Wad Hamid no lentil is currently grown by farmers, hence comparison there 
was made with chickpa. Lentil gave a yield of 1600 kg/ha and a net 

revenue (LS 39,122/ha) which was more than double the revenue of 

traditionally grown chic-. ~t -tab, where farmers do grow lentil, 

average seed yield of the imprwed package was 1889 kq/ha with net 

benefit of 51.989 =/ha against yield of 1471 kgpm and net benefit of 

39,327 =/ha for neiqhbring fa-. ~ h u s  there was a 28.4% increase 

in yield and 32% increase in net revenue using the impmved package over 

the traditional one. 

A diagnostic survey in the area revealed that there was need for 

further studies on the interaction between sowing methcd and seed rate, 

an3 the interaction of land preparation and sowing methoj with w e d  

control. Fxtension services were greatly needed to disseminate the 

available information to farmers. 

Back-up research on lentil breeding was carried out at -tab and 

Wad Hamid. Six promising lines were evaluated in on-farm verification 

yield trials in both locations. m e  best lines were ILL 795 and ILZ. 818 

at Wad Hamid and ILL 813 at Ftuhtab. Back-up research on planting 

methab, seed rate and weed control revealed that, in Rubtab area, flat 

planting in hills 25 an apart prcduced higher yield than brcadcasting the 

seeds and ridging the soil into 40- ridges. mere were no significant 

differences ammg five seed rates tested, sqqesting the possibility of 

using the low rate of 35.7 kg seeds/ha. In Wad Hamid, spray with Fursuit 

(0.050 kq/ha a.i.) mixed with Stomp (1.2 kg/ha a.i.) at 70 days after 

sowing gave the best control of both grasses an3 broad leaf weeds in 



lentil. 

8.1.3.3. C!hiCkpea 

Demonstration of the inproved pmduction package was corducted in &tab 

and Wad Hamid, the main chickpea-pxing areas in Sudan. Six 

demonstrations w e r e  conducted in &tab ccanparing the irrproved package 

(sowing the improved variety 'Shendi' in mid-Novemkr with seed rate of 

60 kg/ha by broadcasting an3. ridging, and spraying against insect pests) 

with the traditional growkg of chickpa as practiced by the neighhring 

farmers. Ihe inproved package gave a seed yield inc- of 56%, and 60% 

higher net benefit over traditional practices (Table 8.1.2) . In Wad 

Hamid, ten demmstrations were conducted using three inpmved pmduction 

factors (variety Sherdi, pest corrtrol ard irrigation a t  15-20 day 

intervals). TBe i n p d  padage resulted in a seed yield iwease of 

168%, a r d  176% higher net benefit over fanners' practices. 

Fe%%r&er-ma~ged on-farm testing of sowing methcd and irrigation 

termination date revealed that ridge sowing w a s  better than f l a t  sowing 

and that irrigation should not be t e r m i ~ t e d  before 90 days f m  sowing. 

Table 8.1.4. Average sed yield and gx,ncanic evaluation of in-&-out of 
demonstration fanners in chickpea areas in Sudan. 

&tab Wad Hamid 
Indemons- OutdaKn5- 1-ns- Outdemons- 
tration tration tration t r a t i m  

Seed vield i k a h a l *  1190 761 1644 614 . -  . 
plan&/& 27.8 22.2 - - 
Total variable cost 5428 3945 7014 3331 
Net benefits (=/ha) 30272 18885 66966 24294 

* S e d  price (Ism) = 45 



Back-up research in breeding shaJed that several intmduced lines 

surpassed best ch& by a!x& 258 in yield. -im o m m  f.sp. 

w, Rhizoctonia bataticola and Rizcctonia solani were iSOlated f m  

rwts of chickpea plants showing wilt/& rot symptom. 'Ihis is thought 

to be the first report of R. solani on chi- in Sudan. In the sick 

plot screening of 79 chickpea g e n o m  for rwt rot/wilt diseases, ICC 

82001 was the only resistant genotype. F d  borer (Heliocwer?=a anniqera) 

was the most imp* insect pest. It was controlled well by the use of 

such -icides as Larvin, Sevin or Bolastar. 

National Scientists ircm mdan 

8.2. North African - 0 T d  Program 

ming the 1990/91 crop season, I- continued its collaborative 

resear& in food lqwms with the national prcqrams of Algeria, Libya, 
M o m  and misia. 'Ihe Regional Food kqure Scientist of IWIRDA was 

based at b y e t  Research Station of INRA, Morccco, along with the two 

faba bean scientists for the INRA/IcXREA faba bean project at m e t .  

This was the seoord year of the faba bean project at muyet aim3 at 
tranSfeIYh ICARDA'S faba k a n  improvement pmgram to INRA, MoroccO. 

A large number of research and training activities on food legumes 

were conducted as a part of the 1CAF.Iqlnatio~l p?=o3ram collaborative 

activities. The emphasis, howeyer, continued on gemplasm enhanoement, 

transfer of tedulolcqy and streqthening of national research 

capabilities through different typ=s of training activities. Also, a 

greater emphasis was placed on developing an3 strengthening network 

activities on food lqwms in the fau. -tries of North Africa. Here, 

only hiwights of results of the iqwrtant activities are given. 

Detailed infomtion on the collaborative research activities with each 

~ t i o ~ l  prcgram is available thrmgh the natio~l p m  reports. 



8.2.1. Provision of h i a h  and m e s  to the National ~rograms in 

N o a h  Africa 

Relevant germplasn of faba bean, chi-, lent i l  and pea was provided to 

the f a r  ~ t i o n a l  prcgranrs in  the form of intarnational t r i a l s  ard 

rolrseries, details of which are surmmrized i n  Table 8.2.1. ?hese 

trials/nurseries caplemented the natiml and r e g i d  trials/nurseries 

that here developed i n  collaboration with the national prcgranrs. 

8.2.2. Regional Resear& Activities 

-is mntiroled on develcping network activities in  the region. me 

regional yield t r i a l s  and mseries that were organized and mrdwted in 

the region are listed in Table 8.2.2. 

8.2.3. Algeria 

Althcuqh 1CAP.m has !zea assisting the Algerian food 1- program since 

its inception, special technical assistance has been provided to the food 

legme prcqram a t  TPGC's Sidi Eel Abbes Research Station throuqh a joint 

ITGC/ICARDA project operative sinoe the 1987/88 cmp season. H m e r ,  

other re%wxh stations of m in the cwntry, namely Tiaret, Saida, 

Khanis Meliana, med Smar, El-Khroub, Setif and Guelma, continued 

receiving support to facili tate germplasm -t thraqb 

i n t e r n a t i o ~ l  yield t r i a l s  and nurseries in food 1- from ICARDA, 

vis i t s  f m  ICARDA scientists, ard training of their food legme research 

scientists and technicians. 

In Algeria, faba bean and chi* are most important food legumes 

cccupying approximately 45% the total h-ge under food legumes with 

dry pea and len t i l  caxpying approximately 7.7 and 2 .8%, respectively. 

lhe objective of the f d  1- resea& prcqram is t o  develop high and 

stable yieldingvarieties suitable formechanization, which is adversely 

affecting their  increase in -ge. I n  chickpa, the winter sowing 

is be- encouraged considering its advantage over the traditional spring 

sowing. In general, breeding for disease resistance and frost tolerance 

(for high elevation areas) receives top priority in the program. 



8.2.3.1. The 1990/91 crcp season 

m e  weather conditions during the 1990/91 crop season were favorable for 

crop gmdh and develqmmt cQnpared with the recent years. Rainfall was 

sufficient and well distributed Uuu@out the season. It e x o z d d  the 

last 10-year average and was more than 400 nm at most locations. ?his, 

however, ecamraged diseases such as ?sxmhyta bliqht in chi-, an3 

chocolate spot an3 M y t a  bliqht in faba bean. 

Table 8.2.1. of yield trials, m i n g  nurseries, segregating 
e a t i o n  nurseries and agronmic trials in fccd legumes 
pmvided to the natioml pnqram in North Africa, 1990/91. 

Yield Nurseries Segregating Aqmncaoy Total 
trials? populations trials 
C L P  F C L  F C L  F C L  F C L  P 

Algeria 6 19 1 9 26 13 0 5 1  0 6 2  9 4 3  35 1 
LibVa 3 1 1  3 4 3  0 0 0 1 3 1  4 1 0 5 1  
M o m  4 2 0 10 16 9 0 2 0  0 2 1 10 24 12 0 
Tunisia 7 6 1 9 27 10 0 1 0  1 o o 10 35 16 1 

Total 20 28 3 31 73 35 0 8 1  2 11 4 33 112 68 3 
- -- 

a F = faba bean; C  = chiclqza; L = lentil: an3 P = Fea. 

8.2.3.2. enhanceoent 

The numker of international yield trials and nurseries pmvided by 

ICARIIA' s legme p~p3ram to Algeria are listed in Table 8.2.1. Although 

these were raised at different resex& stations of ITGC depending upon 
the need, the majority of than were raised at Sidi Be1 A k e s  station. 



Table 8.2.2. Regional yield t r i a l s  and disease nurseries in North 
Africa. 1991. 

Activity Respnsability 

B. Disease Nurseries 
1. FBNAR Orobanche-91 
2. FB Chmla t e  Spot-91 
3 .  FB Asox!hyta Bliqht-91 
4. CP Asxx2hyt.a Bliqht Trap91 
5. 8 W i l t  Trap91 

m m  
mroro 
Tunisia 
m m  

8.2.3.2.1. Faba bean 

of the 17 entries tested i n  the preliminary yield t r i a l  (Botrytis) , two 
(S 84081-10-2-1-1 anJ. S 84 118-33-1-1-1) significantly cutyielded both 

the check varieties. In  the d t i l o c a t i o n  yield t r i a l - I ,  varieties FLIP 

82-30FB (large-seeded) and FLIP 83-105m (~1~11-seeded) yielded as mch 

as  the standard check Aquadulce a t  both Tessala and SEA station. 

In  the faba bean North Afr ica  Regional Yield R i a l - w e - 1 9 9 1  

(FEw?YFL-91), FLIP 82-30FB was the hiqhest yielder (2342 m a )  

f o l l d  by FLIP 87-26FB (Table 8.2.3) . The stiddrd check Aquadulce 

yielded 1366 kg/ha. In the FFNARYT-S-91, FLIP 83-106FB was the highest 

yielder (2335 kg/ha) f o l l d  by 76TA 56267 (2309 kg/ha) which were 

significantly superior to the check (Table 8.2.4). 

A l l  the five lines in the Faba Bean North Africa Regional Orobanche 

Nursery-1991 (F'ENAmN-91) showed gccd resistance t o  oxhnche  a t  Cued 

smar station ccmpared w i t h  Acpdulce (Table 8.2.5) . Highest grain yield 

(4058 kg/ha) w a s  obtained i n  line 18009 mmpared w i t h  69 ky/ha of 



Now, a gccd faba bean prqram has beM established at Sidi Be1 Abbes 

station and it is expz te3  that new faba bean lines with higher and 

stable yields wculd soon be made available from the prqram for 

cultivation in the region. 

Table 8.2.3. Mts of faba bean ~01th Africa regional yield trial- 
large-1991. 

Line Yield (kg/ha) 
Momcm Algeria Tunisia 
( w e t )  (Tessala) (Beja) 

FLIP 82-3OFB 3913 2342 3306 
FLTP 82-45FB 4055 1297 3419 
FLIP 84-107FB 4632 1643 4144 
FLIP 84-128FB 3895 1439 4794 
FLIP 84-147FB 4234 1299 4319 
M P  85-89FB 4114 1591 4025 
FLIP 86-35FB 3938 1288 3425 
FLIP 86-36FB 3783 1845 3350 
FLIP 87-26FB 4134 2100 3388 
M P  87-70FB 4500 1504 3544 
FLIP 87-137FB 3749 977 4144 
M P  87-140FB 5141 1774 4500 
FLIP 87-147FB 4299 1246 3988 
FLIP 88-1FB 3758 1624 3975 
FLIP 88-2FB 3844 1459 3756 
S 82 113-8 4130 1844 4663 
79 54 4466 1035 3844 
80 544027 4304 1332 3806 
80 580028 4369 1550 3525 
80 580135 3739 1991 3769 
REIML BLANCA 3314 1477 3869 
AN= 4539 1366 4266 
LOCAL I A K E  --- 4013 
MA= --- 4300 
MA= --- 3900 
LOCAL OIECK 1 4157 1277 ---- 
LOCAL CHECK 2 3655 1221 ---- 

Mean 



Table 8.2.4. Results of faba bean North Africa regional yield trial- 
dl-1991. 

Line Yield (kgpa) 
M o m  Algeria 'Tunisia Mean 
(D3uyet) (-la) (%a) 

FLIP 82-9FB 
FLTP 82-35FB 

FLIP 84-48FB 
FLIP 84-59FB 
FLIP 85-13FB 
FLLP 85-28FB 
FLIP 85-48FB 
FLIP 86-8OFB 
FLIP 86-85FB 
FLIP 86-86FB 
FLIP 87-77FB 
E'LIP 88-3FB 
FLIP 88-4FB 
FLIP 88-6FB 
76 TA56267 

SE+ 
cv$ 
Mean 



Table 8.2.5. R e s d t s  of faba bean N o r t h  Africa r e g i o ~ l  orobanche 
nursery-1991. 

htq Fediqree No. of  shcots Grain yield 
r ~ r  plant (ku/ha) 

mr. ~ l g .  W. r .  ~ l g .  ?ml. 
0.C O.F. G 3 i 3  

1 Sel. 88.Iat.18009 
2 Sel. 88.Lat.18025 
3 Sel. 88.Lat.18035 
4 Sel. 88.Lat.18054 
5 S e l .  88.Lat.18105 
6 A c p a d u l ~ e  
7 Seville (Algeria) 
8 Lccal Check (Elor) 
9 Lccal Qleclc (rn) 

' Grain yield in g p r  p l a n t .  
O.C. = Orobanche rrenata. 
O.F. = Ombanche foetida. 

Table 8.2.6. Results of chic- North Africa e l i t e  yield tr ial-1991. 

Variety Yield (kci/hal 
M o m  Tunisia Algeria Mean 
JS Beia Kef Tessala 

FLIP 83-47C 2190 2157 3200 1368 2229 
FLIP 83-48C 1880 2002 3783 1483 2287 
FLIP 84-92C 1990 2275 4725 1195 
FLIP 84-93C 1890 2215 5175 1373 
FLIP 85-17C 1590 1982 4383 1970 
FLIP 85-56C 1930 1525 4850 1084 
FLIP 83-71C 1800 1907 3941 1147 
FLIP 83-46C 1700 1700 4583 1629 
FLIP 88-144C 2070 1825 5233 1750 
ILC 3279 1850 1715 3725 1489 
A.T. 161/14 2140 0 3975 628 
HH 46 1510 0 3066 279 
L. ?mXUN 2230 0 4483 394 
FLIP 84-164C 2440 2340 4675 1158 
ILC 195 2410 1665 5575 1764 



8.2.3.2.2. Chi- 

Assccchyta bliqht appeared in a sericus form in the Sidi Be1 Abbes area 

during the 1990/91 crop season that affected most chi* material. 

Haever, certain lines shawed good tolerance to the disease that included 

six lines (FLIP 84-92C, -84-93C, -84-99C, 84-133C, -85-94C and IIC 6090) 

in the CIABN-A-91 and four lines (79ZH 101-2, 79?H 101-4, 8UM 177 and 

IIC 202) in the natiml Asxchyta bliqht-ing nursery. 

A nmrker of chickpa lines in different yield trials significantly 

outyielded the shrdard checks. meSe included four lines (FLIP 88-22C. 

-88-82c, 84-15C and -85-42c) in Cl3T-V-MR, one line (FLIP 84-102C) in the 

nolltilocation yield trial-I, and five lines (FLIP 83-49C, -84-109C, -85- 

16C, 7 m  101-2 and 8 m  177) in the verification trial at Tessela. 
Lines FLIP 83-49C, -84-109C and 8UM 177 also provided significant yield 

advantages over the checks at SBA station and Zidene. In the national 

yield trial, FLIP 83-71C and -84-145C significantly outyielded the 

standard check IIC 3279. 

In the North Africa chickpa elite yield trial-1991 (NACEYT-91). 

FLIP 85-17C was the highest yielder (1970 kg/ha) and along with ILC 195, 

FLIP 84-144C and -83-46C were significantly superior to IIK 3279 (Table 

8.2.6). 

Four chickpea lines, viz., FLIP 83-49C, -84-109C, 7YDl 101-2 and 

8 m  177, were identified for preregistration multiplication. 'Ihree 

other lines based on their gwd performmce in yield trials will be 

nolltiplied on large plots. It should be noted that the chic- variety 

FLIP 84-92C has been released for cultivation in Tiaret province. 

Another variety, FLIP 84-79C, has teen released for cultivation in the 

eastern parts of Algeria. 

8.2.3.2.3. Lentil 

The lentil prcqram at Sidi Bel Abbes and Tiaret stations has been 

s-ed as a result of the m/ICARDA project. Four lentil 

varieties, viz., Syrie 229, ILL 4400, NEL 2468 and Balkan 755 are 



already in demonstrations on farmers' fields. 

In 1990/91, several lines in different yield trials significantly 

outyielded the standard dl&, ILL 4400. 'Ibese includ63 F'LIP 86-1OL ard 

-88-10L at Tessela and m P  88-llL at SEA station in m L .  In 

verification trial, two lines (IJL 5700 and -5752) outyielded the 

standard check ILL 4400 by about 400 kg/ha. 

ma lentil varieties, viz., 310C x Eston SEA 1 and 78s 26004 that 

have done well in different trials were identified for preregistration 

multiplication. 

8.2.3.2.4. Dly pea 

It is the smllest mqmnent of the focd legurw at Sidi Be1 Abbes 

station. lhe pea international adaptation trial (PIAT) of 1- has 

been serving a useful purpose as several lines E m  this trial, viz., 

Syrian 1-1, Century, FS 50699 and Local Sel 1690 have significantly 

outyielded the local standard check SBA 184. These along with Messire 

and Ter- will be included in the multilazation yield trial-I1 during 

the 1991/92 crop season. 

8.2.3.3. Pathology 

The mjor portion of the food legurn patholcgy work in Algeria is done at 

INA-Algier;. The work on focd legurn nemtcdes is also done at INA, 

whereas the work on fmd legwe v i m  is done at W-Algiers. 

HaYaer, the field work in patholcgy is done at Sidi Be1 Abbes station 

where an effetive field screening for chic- -yta blight is m 

done every year. 'Ibe screening for fah bean orobanche resistanoe is 

done at med Smar Research Station. lhe screening for wilt resistance in 

chickpa is done in a wilt-sick plot at Guelm Research Station. 

Most of the patholcgy research activities were concentrated on 

chickpa, which included labratory screening of chickpeas for Axmhyta 

blight, identification of races of A. rabiei and Fusarium oxysrarum E. 

sp. w, attempts on integrated control of kxcchyta blight, and 



sauvey of fccd. legume diseases in  y i g h  Algeria. It should he 

mentioned tha t  several chi* lines w i t h  mdemte resistance to 
A s o A q b  blight have heen identified for  both the isolates of Tessala 

and SBA station. Wese  include 7 9 1 ~  101-2, 7913 101-4, FLIP 83-46C, -83- 

47C, -83-48C, -84-79C, -84-92C, -84-109C and 8OlM 177. Also, the Tessala 

isolate of A. rabiei  has been f w d  t o  he closely related to the Racs 4 

of 1m. 

8.2.3.4. =IXaly 

Ihe enphasis in agroncony researrh has been on weed control i n  chi- 

and len t i l .  Also, determination of appropriate planting date and o p t h  

plant b i t y  has received due attention. 

Fe%lts of a trial on the control of lentil weeds with herbicides 

showed a dis t inct  advantage w i t h  the use of Igran + Kerb (2 103. + 0.5 103. 
a.i./ha) over the &ed plots and the other herbicides tested. A 

yield increase of 320% was obtained over the umeded plots. 

R e s u l t s  of a date and plant density trial in lentil (with three 

dates and f m  densities) w e r e  different a t  the two sites where the t r i a l  

was anducted. A t  Zidene, highest grain yield w a s  obtained in  Dec 17 

planting ccwpared w i t h  Nov 20 planting a t  SEA station. 'Ihe plant density 

of 210 plants/m2 provided highest grain yields in the f i r s t  two swing 

Qtes a t  Zidene, whereas the lcwest plant density (150 plants/m2) 

provided highest grain yield in Nov 20 planting a t  SEA station. 

8.2.3.5. ~ecrm~losy transfer 

mmnstrations of two chidq?a varieties, viz., ILC 482 and -3279 were 

carried out in fanners' f ie lds  in the three zones of Sidi  8el Abbes 

province. lhese were four in Zone 1 (Tessala), one in Zone 2 (SEA 

station) and one in Zone 3 (Zidene). Variety ILC 482 yielded better 

(1325 kg) than ILC 3279 (1000 kg/ha) in Zone 1 in spi te  of the occurrence 

of =yta blight during the crop season. 

Algerian National Scientists and S.P.S. Beniwal 



8.2.4. Libya 

?he 1990/91 seascol was the sscom3 year of LIBYA/Im collaborative 

p~ogram on food legumes in Libya. Food 1- azmpy only a very 

limited hectarage in Libyan agriculture a m p r e d  with cereals. Hwever, 

within two years of ARC/ICARDA collaborative prcgram, the priority crops 

among the four mjor f d  legumes in the country, viz., faba bean, 

chi-, dry pea and lentil and their priotity areas of research have 

been identified. Also, a national research team with a national 

coordinator is now in effective cpmtion. 

8.2.4.1. Rial sites and the crop season 

Based on the recormwdations of the Second Libya/Im mrdhtion 

Meeting held at ?qricultural Research Center (ARC), Tripoli, Libya, 24-26 

S e p k w k r ,  1990, a n m k r  of n-ies/trials in faba bean, chickpea, 

lentil and dry pea were conducted. These were mnducted at four 

different locations; T a j m  ard Zahra in the western part, Misurata in 

the central part, and El-Safsaf in the eastern part of Libya. 

Like the last cmp season, the 1990/91 crop season also ?xceived 

sub-opthl rainfall in the western part which in general adversely 

affected the crop productivity. mis exomaged wilt/rcot rot diseases 

in chickpea and virus diseases in faba bean (faba bean yellow mosaic and 

bean leaf roll). Iblst on faha bean and powdery mildew on dry pea were 

-ed. Poor naiulation was w e d  in chickpea. lhe eastern part 

also received suboptiml rainfall (310 mn) most of which was received in 

~amary/~ebn~aty.  mis wcmmged ?+sx&yta bliat in winter- 

chickpa and rust in faba bean. 

8.2.4.2. Oermpl- enhanoeaent 

The fcal 1- yield trials ard nurseries provided to Libya are listed 

in Table 8.2.1. 

8.2.4.2.1. Faba bean 

Three yield trials/nurseries were amiucted in faba bean. These included 

faba bean national yield trial<, faba bean ~orth Africa regional yield 



trial-large (FEJARW-Lr91) and -mall (FEJARWS-91). Of the five lines 

in the national yield trial, Reina Blanca yielded highest (2350 kg/ha) 

followed by 79 S4 (2511 kg/ha) whereas FLIP 82-43FB yielded the lowest 

(2068 kg/ha). In the FPmRrp-Ml, lines 86-36m, 87-27m, -87-147FB, - 
88-1FB and R e h  B l m  performed better than others and were selected 

for further yield M i n g  (Table 8.2.3). Similarly, five lines in 

FlWEfFS-91, viz., FLIP 82-9FB. -85-13FB, -85-28FB, -86-8OFB and 88-6FB 

performed better than others and were seleded for further yield testing 

(Table 8.2.4) . 

8.2.4.2.2. Chidpa 

Tnree yield trials/nuxseries were ooducted,  i.e., chickpa international 

screening mrseq-winter (CISN-W-91) , chi- international yield trial- 

winter (CIYT-W-91) an3 chic- verification trial (m) . No useful data 
could be obtained from the first two because of poor and erratic graYth 

and damage by wild animals. In the verification trial at El-Safsaf, four 

varieties (FLIP 84-79c, -84-936. -84-144C and I E  484) were yield- 

evaluated. Althorn FLIP 84-93 yielded highest (2347 kg/ha) the 

difference was statistically nonsignificant from the other three 

varieties. 

8.2.4.2.3. Lentil 

yield trials/nurseries were d u c t & .  In the lentil verification 

trial, highest grain yield (2802 kg/ha) was obtained in the variety 

*UI~UKWI' followed by 78s 26002 (2729 k g p ) .  These two varieties will 

now go to an adaptation trial for different irrigation projects in Libya. 

In the lentil international screening nursery-tall (LTSN-T-91) , two 
entries (FLIP 88-IOL and -88-31~) were taller (42 an3 43 an, 

respectively) than others and yielded 2695 and 2035 kg/ha, respedively. 

This was ocsnpared with 2730 kg of the 'Unlo~own' (37 an tall) and 2330 kg 

of 785 26002 (38 an tall). Other entries that did well were 785 26052 

(2905 kg/hai 36 an tall), FLIP 87-49L (2865 kq/ha; 39 an tall) and 78s 

26013 (2825 kg/ha: 37 an tall). 



8.2.4.2.4. D7.y pea 

Of the 24 entr ies  i n  the pea international adaptation t r i a l  (PIAT-91) a t  

Tajoura, the best yielder w a s  kcdl Sel 1690 (2893 kg/ha) followed by 

misson (2399 kg/ha) , Syrian Local (2073 kg&), Wirrege (1936 , PS 
210713 (1929 kg/ha) and IG 102369 (1841 kg/ha). me 1- check yielded 

only 583 kg/ha. ?hese entries w i l l  go to the rational p yield trial-B. 

8.2.4.3. PatholcgY 

Work on patholcgy was done on faba bean and chickpsa t h a t  included 

screening of international nurseries from ICARDR to identify sources of 

resistanoe, and a l i m i t e d  survey for  faba bean diseases. In  faba bean, 

one line (B 88111) showed 6 rating for  chocolate spot hhereas one line (R 

8810) showed 5 rating for  rust. R e s u l t s  of survey fo r  faba bean diseases 

indicated mcderate damage in famers' f ie ld  by chocolate spot. Also, 

several virus diseases were observed indicating the nee3 fo r  prcduction 

of vilus-free seeds in faba bean. 

In the chickpea international m y t a  blight  nursery-B (CIABN-B- 

91) grown a t  El-Safsaf, f ive  lines (FLIP 83-79C, 84-112C, 

-87-504C, -87-507~ ancl -87-510C) showed rating of 3 o r  less. In  the 

chi- international fusdrium w i l t  nursery (CIWN-91) grown i n  a w i l t -  

s ick  plot  a t  Tajaua,  eiqht entries,  viz. ,  ILC 211, FLIP 84-43C, -84-632, 

-85-20c, -85-29C, -85-30c, Ua7,  FTA (82)29 and ILC 1929 shaJed a rating 

of 3 t o  5 (1 to 5% plants w i l t e d ) .  

8.2.4.4. ngrOnCmy 

Trials on date of planting x row spacing, we%3 control and Rhizobim 

b u a l a t i o n  were ccolducted. In the faba bean sowing date and row spacing 

trial a t  Zahra ( w i t h  four sowing dates and row spacings), sowing on 1 

Cct, 15 Od and 1 ~ o v  w i t h  30% row spacing (22.2 plants/nZ ) w a s  better  

than 30 N w  wing w i t h  wider spacing. Diseases such as  bean yellow 

m i c ,  chocolate spot and al temaria  leaf spot were colinan especially i n  

the earlier sowirgs. A t  Misurata stat ion,  a l l  four sowing dates (1 Get, 

15 Cct, 1 Nov, and 15 Nov) w i t h  30 an row spacing (22.2 plants/m) were 

better mrpared with wider spacings. 



In the faba bean weed control trial, chlorbmmwon (Maloran) + 
pmmmi& (IS&) at 0.5 + 0.5 kg a.i./ha each as pre-exergence 

application pruvided a significantly superior wed cmrtrol over both the 

weedy and &-free treatments. 'me highest grain yield (2294 kg/ha) was 
also obtained f m  this treatmnt followed by the &-free check (1854 

kg/ha). 

In chi* and lentil, the effectivews of te&&qme (Iqran) in 
controlling weeds in ILC 484 chi* was verified at El-Safsaf. At El- 

Maj station, the treatnat failed to provide an effective control of 
Phalaris and mustads .  

In faba bean, the exotic Rhizobium strains from ICARDA did not 

provide any advantage over the w t e d  check at Tajoura indicating the 

effectiveness of the native Rhizobium strain in supporting nitrogen 

fixation. 

Libyan Mti0hal SCientiStS and S.P.8. BeniPral 

8.2.5. HDnwxx, 

8.2.5.1. hid sites and the cmp season 

lbe faba bean trials were mainly conduded at Douyet with some trials at 

Jamaa Shim and lkqier. 'me mjor sites for chi* trials were 

Merrhoucfl, Douyet, Jamaa Riah and Jamaa Shim wh- for lentil were 

Kerchouch, Sidi El Aidi and J m a  Shim. Tangier is located in FTe-Rif 

region, Kerchouch and Douyet in Saiss region, and Jamaa Riah, Sidi El 
Aidi and Jamm Shim in Chaouia region of the cnultry. 

Emugh rainfall was received during the 1990/91 crop season in the 
three regions of the cnunrtry with fairly good distribution over the crop 

seam. Rainfall during Feb""ry and March enamraged biotic stresses 

that induded chomlate spot, Asccchyta blight and stem mtodes in faba 
bean, Ad-mhyta blight in chi*, and Ascoctyta blight and Batrytis 

gray nuld in lentil. Lentil rust, which was a problem in the last 
several years, was not a problem in Saiss and Pre-Rif regions whereas it 

still occurred in serious pnzprtim in the southern parts of the 



Chawia Region. 

8.2.5.2. Oernplasm enhancement 

Genplasm enhancememt continwd to he the major objective of the rational 

fccd l e p w  prcgram in mmcco. m e  ratioral prcgram received yield 

trials and nurseries from 1- that are listed in Table 8.2.1. Also, 

it was the second year of the presence of I-'s faba bean iiqrovement 

prqmm at m e t .  

8.2.5.2.1. Faba bean 

?he mjor objective continued to develop high and stable yielding faba 

bean varieties with resistance to Orobanche, chowlate spot, Ascvzhyta 

bliqht and stem mtcdes with large pods and seed size. Yield trials, 

from preliminary to rational, were corduded that amprise3 elite 

material with desirable characteristics. The trial means ranged from 

3117 to 4191 kq/ha and the hi@& grain yield was 5400 kg/ha. A total 

of 100 lines outyielded the k t  check ard nine did so significantly. 

Segregating populations, f m  F2 to F5 for different desirable 

characteristics were grown and selections were mde. lhe preliminary 

screening nurseries consisted of closed flower, mtrvtis, TVS + Botrytis 

+ Asccchyta, and IVS + Botrytis + rust. 

In the FBiARYFL-91, FLIP 87-140FB was the test yielder (5141 kg/ha) 

and was significantly superior to ~quadulce (Table 8.2.3). In the 

FBJXTFS-91, FLIP 85-28FB was the highest yielder (4835 kg/ha) followed 
by FLIP 84-59FB (4610 kg/ha) (Table 8.2.4). ?he former was the best 

yielder in W s i a  also. 

Special anphasis was laid on developing varieties with resistance 

to Drobanche. lhirty lines were seleded during the season that had a 

lower mmker of Orobanche shoots per faba bean plant compared with the 

susceptible Aquaciulce. Now the emphasis is to d i n e  Orobanche and 

chocolate spot resistanoe into large-seeded backqround. 



8.2.5.2.2. Chickpea 

me objective in chickpa -wntinwd t o  develop large-seeded, high and 

stable yielding varieties w i t h  Asaxhyta blight resistance for the w i n t e r  

sowing, and also for the dual seasons (winter and spring) . From advanced 

and national yield t r i a l s  two varieties tha t  did w e l l  were identified. 

These were F'UP 84-145C and -84-182C. Thge varieties along w i t h  FLIP 

84-79~ w i l l  go to the f i r s t  year national catalogue t r i a l .  FLIP 84-93c 

which was i n  the f i r s t  year national catalogue t r i a l  l a s t  season w i l l  now 

go to the second year of this trial. me verdict of the national 

catalcgue trial aumnittee on two chickpa varieties,  m p  83-48c and -84- 

92C which ccanpleted two years of testing in the catalogue trials is 

awaited. Both these varieties y i e l d d  well last season cmpred  w i t h  

f ive other var ie t ies  in the catalogue t r i a l .  ?his was in spi te  of the 

serious outbreak of Ascochyta blight in w i n t e r  c h i m  in Saiss and Pre- 

Rif regions of the country. 

In the CNACl"r-91 grmn a t  Jams Shim, several entries outyielded the 

check (Table 8.2.6), however, only one could yield sl ightly better than 

the standard M, ILC 195. 

Several entries were selected from CISN-91, m 9 1 ,  and CAP91 and 

p m t e d  to the next stage of t r i a l s .  Ninety-one single plants w e r e  

selected f m  CIF6N-91 a t  Douyet and MerChouch. 

8.2.5.2.3. mil 

TIE objective in l en t i l  continued to develcp early and erect, medim- to 

larqe-sed& varieties w i t h  high and stable yields and resistance t o  

rust. Frcao advanced and national yield t r i a l s  two varietie5, FYP 86-19L 

and -21~ ,  were seleded. 'Ihese w i l l  go t o  the f i r s t  year ~ t i o n a l  

catalcgue trial during the next season. Ils with chickpa, verdict of the 

national catalogue t r i a l  d t t e e  on three l en t i l  varieties, v iz . ,  ILL 

6200, -6209 and -6212 tha t  ocmpleted two years of testing in the national 

catalogue t r i a l  is awaited. IIL 6001 which w a s  in the f i r s t  year 

catalogue trial  w i l l  now go to the second year catalogue t r i a l .  



Several gmd lentil lines here identified in different yield trials 

and pmnated to the next stage of yield testing. S m  of these are L 

150A. L 151, L 155A, M P  84-51L, -87-48L and -87-53L in the all-seeded 

lentils, and 815 15 and FLJP 86-18L in the large-seeded lentils. 

8.2.5.3. pathology and entamlogy 

8.2.5.3.1. Faba bean 

The mjor emphasis was on screening faba bean mterial for Orobanche and 

chocolate spot. As indicated earlier 211 entries were tested for 

Ombanche resistance in the Orobanche-sick plot at Dmyet. Frmn these, 

30 entries w e r e  selected. The chumlate spot screening work done at EU4- 

Melow consisted of Fz Botrytis, and F5 Bortytis + IVS. A total of 1274 

single plant selections were mde for chocolate spot resistance. 

The results from a field trial on the integrated wntrul of 

Orobanche using resistant varieties, dates of sowing and glyphosate 

sprays hlicated the choices that we d d  have in wntmlling this 

menace. These were one or mre of the following: (i) planting resistant 

varieties slightly late, (ii) delayed planting of the susceptible 

varieties with glphosate spray, (iii) early planting of resistant 

varieties with glyphosate spray. 

One hundred and forty-five faba bean lines were field-evaluated for 

their resistance to the stem m M e  un3.er artificial inoculation 

conditions. Seven lines (1356A, 356, 1752, T 41, -42, -82 and -110) 

showed resistance (3 rating) and 35 tolerance (5 rating) to the stem 

nematode. Ttm resistant lines and six tolerant ones showed no seed 

infestation with the nerdme. 

8.2.5.3.2. Chi- 

Ihe emphasis in chickpa patholqy was screening for Azxxxhyta blight 

resistance. Sane very useful chic- lines were identified from CIABN- 

A-91 and the national AsCOChyta blight screen* nursery and yield trials 

atmrchouch. These included: FLIP 84-48C, -84-79c, -84-144c, -84-1452 

and -84-148C. 



mts of an exp=rimMt on an inteqated control of Asc.=chyta 

blight showed the hqmrtmce of a resistant variety i n  the intqrated 

control. A canbination of resistant variety and a spray of 

chlorothalonil (Cawnil) pmided  the k t  w n t m l  of the disease. 

cmtzarily,  only the seed treatment failed to provide any protection to 

the susceptible variety against the d '  ~sease. 

Of the 40 chickpea l ines  scrsMed for resistance to leaf miner, 

eight (FLIP 82-152C, -83-~IC, -83-98C, -84-92c, -84-93c, 

-84-144C, 84-182C and RH 79496) shewed less than 3 (resistant) rating. 

Frcm the CILMN-91, one line (ILC 5901) shorred resistance t o  leaf miner 

and also Asc.=chyta blight. 'Ihese nine lines w i l l  be retested for their 

resistance to leaf miner in the 1991/92 season. 

8.2.5.3.3. Mtil 

Eqzimsis on screenkg for rus t  resistance continued durirq the season. 

Of the 339 l e n t i l  aa%ssiolrs/lines meened against rust a t  Sidi  E l  Aidi, 

183 showed 5 or  less rating (out of a mimum of 9) .  These w i l l  be 

retested during the 1991/92 season. Also, l ines that  showed resistance 

to rus t  a t  Jama Shim and resistance/tolerance t o  Axcchyta blight a t  

Mer&cuch were  identified. Lines L 265, FLIP 86-19L (ILL 6005), FLIP 87- 

22C (ILL 6212), and 81s 15 (ILL 5883) had good resistance to rust and 

tolerance to Asc#=hyta blight. 

8.2.5.4. rqmncq and mechanization 

Several agronany t r i a l s  were conducted on f d  legunes. In  faba bean, 

the lowest plant density of 5 plants/m2 resulted i n  the highest grain 

yield of 3300 kg/ha. A t r i a l  to study the effect  of crop rotation and 

faba bean genotypg on the praluctivity of the rotation and seed bank of 

orobanche was started. A oouple of trials to study the effect  of plant 

density and supplementary irr igation on l ight  interception, water use and 
dry mtter production in faba bean were com3ucted i n  a semi-arid 

emr i rorm~t  of the amntq. 'Ihese provided very useful results  and led 

to the devel-t of a s imlat ion model to determine optimum plant 

densities in different regions of the country. me model w i l l  be tested 



ciurkq the 1991/92 crop season. 

I n  chi-, i n p r t a n t  factors for chickpa p d c t i o n  w e r e  

identified t h a q h  a f ie ld  t r i a l  i n  olacuia and Saiss regions. T%ese 

were Rhizobiwn inoculation and w e d  control in olacuia (Een Slimme 

site) : weed control a t  Maaziz site in Saiss; and A s o z d ~ y t a  bliqht control 

a t  Ainshit site in Saiss. Ihe ~~ of the Rhizobium inmulation in 

chi- was also established a t  Ben Slim3ne through a need for 

inoculation t r i a l .  

In l e n t i l ,  results of a w e d  m 3 ~ g m t  t r i a l  indicated the 

possibil i ty of using i n t e d t i v a t i o n  ard herbicides in m~laging l e n t i l  

weeds. 

Work on m i z a t i o n  of l en t i l  pmduction continued. Results f m  

the use of the animal-drawn seed d r i l l  confirmJd l a s t  year's results. 

Seed ra tes  of 34, 55 and 70 kg/ha w i t h  seed drill provided better grain 

yields over the 50 kg by hand-sowing Wird the plough as per the fazmer 

practice. The conveyor system on the Kubota reaper was further roodified 

t o  inprove crop handling, but not to much advantage. Tall weeds b l d e d  

the conveyor system which worked rmch better in the weed-free crop. 'Ihe 

reaper caused 33% yield loss compared with 19% of the hand-harvested 

crop. 

8.2.5.5. Technology transfer 

Ihree Omhnzhe-resistant faba bean varieties (18009, 18035 and 18105) 

were verified on f m r s '  f ie lds  for the i r  performnce against Aquadulce. 

The res is tant  lines cutyielded Aquadulce in situations w i t h  heavy 

Olobanche infestation. Wer the f ive  sites, the resistant  l ines 

outyielded Aquadulce by 46%, and had 64% lw Orobanche shmts per faba 

&!an plant compared w i t h  Aquadulce. 

I n  chickpea, four variet ies i n  the c a t a l v e  t r i a l  were tested in 

farmers' f ie lds  in J m a  Shim and Maaziz-Rom3ni area. FLLP 83-47C 

provided highest yields (1700 kg@) in J m a  Shim area whereas it was 



FLIP 84-92C tha t  provided himest yield of 1800 kg/ha in the Waziz- 

RcaMni area. 

I n  l en t i l ,  four varieties that are in the national catalogue trial 

were verified on fazmers' f ie lds  in  the J m a  Shim and Mziz-Romani 

area. In  Jams Shim area, ILL 6209 was the highest yielder ccnrpared with 

ILL 6001, -6002, ard -6212. ~n ~aaziz-Rmmi area all the varieties were 

veq  heavily infested w i t h  Orobanche ard as a result  were all destrcyed. 

A rarmber of 0.5 ha demonstrations with winter chickpa ILC 195 were 

mrducted in  different parts of M o m .  For ampr i son  purpses 

farmers' spring- chickpa wen? cmidered.  The winter-plantd ILC 

195 provided, on an average, 100% yield advantage over the sprkg-planted 

w. 
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8.2.6. Tunisia 

The 1990/91 cmp season was the 10th year of collaboration b e t m a  the 

Tunisian m t i m l  food legume pmqmm and ICARDA. ?his has lead to 
establishment and develop's& of a very e f fed ive  national food l q u ~  

prrgram in Tunisia. 

8.2.6.1. Trial sites and the crcp season 

Beja, 0.~3 Meliz and El-Kef are the three principal t r i a l  sites for  

cm&&ing f a d  legume research in  the axmtq .  Ihe f i r s t  two, lccated 

in the higher ra infal l  zone, are used minly for  faba bean and chickpa, 

whereas El-Kef, lmdted in  the lower rainfall  zone, is used minly for  

lentil. Screening for  faba bean c h m l a t e  spot and &axhyta blight is 

done a t  Ras  Rajel ard for  stem mtcdes a t  Fernarm. Beja is used for  

sceening for  chickpa Ascmhyta blight and w i l t .  

Rainfall during the cmp season was average a t  Beja whereas it was 

130% and 120% of long-term average a t  Ouej Meliz and El-Kef, 

-vely. Also, it was well distributed over the crop season and 

d i n e d  with mild t a p r a t u r e s  in  l a t e  spring caused 3 weeks delay i n  



crop maturity. It also m g e d  develqmmt of Ascxhyta blight in 

chic)gza and faba bean, chaolate spot and stem m t d e s  in faba bean. 

M y t a  blight was okserved for the first time on lentil in 'Tunisia. 

Also, the presence of Ombanche foetida was confirmed in the Beja area 
which is different fran 0. -ta present in the Cap Bon area of the 

wuntry. 

8.2.6.2. Gemplasm enhanoePent 

8.2.6.2.1. Faba bean 

Higher faba bean grain yields were obtained ccanpared with the last 3 

drier years. m e  mean for different yield trials for the large-seeded 

faba bean was 3500 kg@ for Beja and 4200 kg/ha for Cued Meliz. Ihe 

highest grain yield of 5900 kg/ha was obtained at Oued Meliz. For the 

-11-seeded faba bean, man for yield trials was 3300 kg/ha at Beja and 

4200 kg/ha for Cued Meliz. Ihe highest grain yield of 6100 kg/ha was 

obtained at Cued Meliz. Ihis situation was contrary to the last 3 drier 

years during which faba bean yields in general were lower at Oued Meliz 

ccanpared with Beja due to ccmrnme of higher rust infection. 

'Ibe three large-seeded faba bean varieties, 805 80028, S 82113-8 and 

S 82033-3, that provided 18-20% yield advantage over the check during the 

3 drier years (1988-90) maintained superiority over the check, especially 

S 82033-3 and S 82113-8 (Fig. 8.2.1). Variety S 82113-8 was identified 

for prerelease multiplication. Anong the small-seeded lines, FLIP 83- 

106FB (medium-seeded) that had provided about 8% average yield advantage 

over the checks during 1987-90 cmp -ns yielded as much as the local 

check during the 1990/91 crop season (Fig. 8.2.2) . Ihis makes it a goal 
cardidate for release for cultivation. mng the five faba bean local 

populations (PO-) tested during the 1990/91 cmp season, POL 3 was m n g  

the two top yielders that lmkd best in hmqeneity. 

In the FBaR'r"P-I.-91, line FLIP 84-128FB was the highest yielder 

(4794 kg@) followed by S 82113-8 (4663 kg/ha) (Table 8.2.3). These 

were higher than 4266 kg@ of Aquadulce. In the FFNARlT-S-91, FLIP 85- 

28FB was the highest yielder followed by FLIP 84-59FB (Table 8.2.4). 



Yield tlha 
6 1  

Local L. Reina Blanca 0 SB2 033-3 

8 0 ~ 8 0 0 2 8  s82 113-8 0 Muchamiel 

F i g w e  8.2.1. Yield perfomce of large faba bean varieties in 7Unisia 
during 1984/85 to 1990/91 crop seasons. 

Yield (tlha) 

Feverole L. F83-106FB L F84-59FB POL 3 

a POL 5 0 POL 10 POL 14 POL 52  

Figure 8.2.2. Yield perfomce of smll faba bean varieties i n  Tunisia 
during 1987/88 to 1990/91 crop seasons. 



A lnrmber of large- and small-seeded lines that outyielded the local 

and standard checks in different yield trials were selected and achranced 

to a higher stage of yield testing. 

Results of a field study on the rate of out-cr055ing in faba bxn 

during 1989-90 cl~p seasons s h d  43% out-ing at Eeja, 55% at Cued 

Wliz and 62% at El-Kef. 

Screening for chocolate spot and kcz&yta bli@t resistance 

resulted in identification of 12 lines in FBPSN-Bot-91 and six lines in 

F'BICN-91 shewing less than 5 rating (cut of a m 3 x h  of 9). For 

Ascozhyta bli@t, 14 lines in FBFSN-Asm-91 and one line in F'BIAEW-91 

showed less than 5 rating, an3 were selected for ?%&her use. 

Of the 415 faba bean pure lines (BPls) tested from ICARaA for 0. 

foetida in an infested plot at Eeja, 14 were identified as having 
prmnising resistance (Table 8.2.7). All the five test lines in FBNARCN- 

91 performed well against 0. fcetida ccsnpared with Acpadulce check (Table 

8.2.5). ltro of these (18035 and 18054) also did well against0. cre~ta 

(Fig. 8.2.3). Of the 493 BPU tested for stem m t d e  resistance at 

Fernand, 15 showed promising resistaxe (Table 8.2.7). 'Ihese will be 

retested during the 1991/92 season. 

For chemical mntml of 0. fcetida two sprays of imazaquin (15 g 

a.i./ha) and glyphosate (80 g a.i./ha) at attachment stage proved better 

than similar sprays at 15-day-intemals after 15 days of flower 

initiation. 

A roving disease survey was wmhxztd in which 47 farmers' faba tean 

fields hers visited in March 1991. The highest m t a g e  of fields 

(95%) were affeded with chooolate spot follcwed by 45% with viruses, 30% 

with Asoa31y-h bli@t, and 15% each with rust and wilt. Fifty-five 

percent of the fields were infested with mtdes with the stem 

nematcdes present in 45% of the fields and mt-lesion nematode 

(Pratvlenchus spp.) in atout 5% of the fields. 





Table 8.2.7. Mts of srreenirg BPLE, f o r  Orobanche foetida a t  Beja 
(El-Kefi) and f o r  stem nema- a t  Fernam,  1990/91. 

Orobanche foetida Stem nema* 
a t  Beja (El-Kefi) a t  Fernam 

NLrmber of BPLs tested 415 493 

BPL 001 
BPL 017 
BPL 062 
BPL 117 
BPL 166 
BPL 177 
BPL 178 
BPL 182 
BPL 190 
BPL 208 
FPL 229 
BPL 248 
BPL 482 
BPL 484 

BPL 3572 
BPL 3584 
FPL 3592 
BPL 3594 
FPL 3657 
BPL 3660 
BPL 3735' 
BPL 3782 
BPL 3786 
BPL 3790 
BPL 3794 
BPL 3809 
BPL 3815 

+ Vic ia  nakonensis. 

8.2.6.2.2. C2hiCJLp.a 

In chi- a l s o ,  h igher  grain y i e l d s  were obtained cconpared wi th  the 

last 3 drier years .  'Ihe m?an f o r  d i f f e r e n t  y i e l d  t r i a l s  was 1800 kg/ha 

a t  Beja and 2900 @/ha at Cued Meliz, where the h i g h e s t  y i e l d  of  4600 

kg/ha was a l s o  obtained. 'Ihe y i e l d  levels a t  Beja were lower ciue to much 

h igher  s e v e r i t y  of Asaxhyta b l i q h t  awpared with CNed Meliz. 

o f  the t m  new chi- v a r i e t i e s ,  INRAT 88 (FLIP 84-92c) y ie lded  

h igher  (2800 kg/ha) than INRAT 87 (FLIP 84-79C) (2600 kg/ha) a t  Beja 

which w a s  much tetter than the best standard check v a r i e t y  Kessab that 

y ie lded  on ly  2100 @/ha (Fig. 8 .2 .4) .  At Oued Meliz, ILC 482 was the 

best y i e l d e r  (4000 kg@) followed by Kessab and INRAT 88 (3800 kg@ 

each) ,  am3 INRAT 87 (3300 kg/ha) (Fig. 8.2.4).  In the spring, INRAt 88 

was the h iqhes t  y i e l d e r  f o l l m d  by INRAT 87 (Fig. 8.2.5) . 



Yield (t lha) 

7 Beia k%% Average 1 0 .  Meliz 

Local ILC 482 Chitoui Kasseb F84-92C F84-79C 

Figure 8.2 .I. ~ean  grain yield of new winter chi- varieties a t  Beja 
and 0. Meliz in Tunisia, 1990/91 crop season. 

Yield (t lha) 

" 
Local ILC 482  Chitoui Kasseb F84-92C F84-79C 

Figure 8.2.5. ~ e a n  grain yield of new spring chic@ed varieties at Beja 
in m i s i a ,  1990/91 ~ n p  saason. 



In  the CNAFYT-91 grown a t  two locations, FLIP 84-146C was the 

highest yielder (2340 kg/ha) a t  Beja whereas ILC 195 was &st a t  El-Kef 

(5575 kg/ha) (Table 8.2.6). A t  Beja, lines FLIP 84-92C (2275 m), - 
84-93C (2215 kg/ha) and -83-47C (2157 kq/ha) were other qccd yielders. 

U s e f u l  results were obtained from the systenatic screening of 

chickpea fo r  m y t a  blicjht. Of a l l  the variet ies tested, only 1.14% 

s h d  1- than 3.5 rating (out of a mimum of 9 ) ,  10% showed ratings 

between 3.51 and 4.51, 15% ratings between 4.51 and 5.51, 18% each 

betweM5.51and6.51and6.51ard7.50, and 3 7 % m r e t h a n 7 . 5 1 r a t i W .  

V a r i e t i e s  INRAT 87 and -88 maintained the i r  ratings (Fig. 8.2.6). Ihe 

100-seed weicjht showed inverse relationship w i t h  the disease rating; 

lines w i t h  25-30 g per 1 0 0 d  weight shcwed 4-5 rating, lines w i t h  25- 

35 g showed 5 rating ard lines w i t h  30-50 g showed 7-9 rating. 

Relationship of 100-seed w i @ t  t o  A s x c h y t a  blicjht rating on 1-9 scale 

(X) could be expressed by the equation : Y = 23.0 + 1.58 X. 

Ascochyta blight (1-9 Score) 

l o  n 

" 
Beja 0. Meliz 

INRAT 87 INRAT 8 8  Ci Kasseb 

Chitoui I L ~  482  E Local 

Figure 8.2.6. Reaction of chickpea variet ies used as ch- in yield 
t r i a l s  to Asoxhyta blight a t  &ja and 0. Meliz stat ions 
in m i s i a ,  1990/91 crop season. 



Ccanparative a~lysis of aggressiveness between the Beja and Cued 

Meliz isolates of A. rabiei showed the fonner to be more aggressive than 

the latter. 'I~E relationship in aggressiveness between the two isolates 

on different genotypes could be shown by the equation : Beja = 0.869 O.M. 

+ 1.56 (P = 0.76). 

A good prcgress was achieved in oconbining ?+scc&yta blight and wilt 

resistance in amptable seed sizes (35-37 g) . Ten lines were selected 
from such material for yield testing thraqh an advanced yield trial 

&ring the 1991/92 crop season. 

A laboratory technique using isolated chlomplasts and the A. rabiei 

pathcgen toxin has been standardized. m e  technique could be used for 

screen- chickpas for resistance to A. rabiei. The two chickpa 

varieties, viz., INRAT 87 and -88 that have shown goal stability in yield 

and tolerance to -yta blight are serious candidates for registration 
for release. 'Ihese will be used for large-scale on-farm demnstrations 

&ring the 1991/92 crop season. 

8.2.6.2.3. mil 

In lentil also h i m  grain yields w e r e  obtained cconpared with the last 

3 drier years. m e  mean for different yield trials was 2200, 2000 an3. 

2200 kg/ha at Beja, Oued W i z  and El-Kef, respectively. The highest 

grain yield of 4200 kg/ha was obtained at El-Kef. 

In lerrtil advanced yield trial, variety W 85-1345 outyielded other 

varieties at Beja by yielding 2300 kg/ha, whereas at El-Kef Nefza (ILL 

4606) was the highest yielder (2300 %/ha) followed by 785 26002 (2200 

kg/ha). Other varieties that performed well in other trails are shown in 

Table 8.2.8. 

As in the last 3 drier years, lentils again did well in this wet 

year in the so-called drier areas of the northern part of the country. 

'Ihis s- the need to e a r i z e  this crop in this zone. 



Table 8.2.8. Elite lentil varieties in diffenmts trials and locations 
in misia, 1990/91. 

Station Trial/Nursery Variety Grain yield 
(kg/hal 

Bei a m u  88-51L 3592 
~ e j  a 
El Kef 

LISN-S 
I n - L  

El Kef LISN-E 91-26L 4225 
0. Meliz ERR Ll 84-114L 2750 

wing this crop season, lentils were found to be affected with 

kxmhyta blight. This form the first report of this pathogen on lentil 

in misia. In order to prevent further spread of the disease, all the 

affected varieties were destroyed. 

Variety 78s 26002, which has shown stable yield over the last 

several years, will be considered for registration for &tivation in the 

drier areas of El-Kef region. 

8.2.6.3. ngrOKmy 

A 3-year study on the yield losses caused by weeds in different fccd 

legumes was concluded this year. The yield losses due to weeds in 

different crops were: 75% in chidpsa, 67% in lentil, 60% in dry pea, and 

27% in faba bean. These results shar the iqzurtaxcs of weeds in the 

suazssful  cultivation of fccd legumes in the country. As in the past, 

two hard-we&ings provided a good weed control and w e r e  superior to the 

farmers' practice of two intercultivations with animals which was not 

E d  effective in controllirq weeds. 

8.2.6.4. & C - ~ U X K ~ C  studies 

A w e y  to study socio-eccolanic aspects of the fccd legm~ cultivation 

in northern parts of misia was crm3ucted. The survey was aimed to 



study (i) prcduction system of foo3 legumes, (ii) constraints to focd 

leguue p?xxiuction, (iii) adoption aspects, ard (iv) mst of f d  lqme 

pznixction. The study conducted with two groups of farmers, i.e. t h e  

with 30 ha or larger famms with a tractor and the with less than 30 
ha f a m  without a tractor, provided useful infomtion. Cetails of the 

study are published separately and are available in Socio-Eacmics 

Division of INRAT. 

8.2.6.5. haMfer of technology 

The on-farm verification trials and demnstrations continued during this 

year as in the past. Verification trials were done at four sites in the 

northern parts of the country. The researcher-reamended package 

mnsisting of w.rly planting, hi- plant density and hard-weeding 

provided significant yield increases wer farmers' practices. m e  

hicplest yield gains were provided by weeding, followed by plant density 

and a 1 y  sowinq. 

Among the new lentil varieties, Nefza (ILL 4606) continued to be the 
best yielder followed by FLIP 84-103L althm they provided only 6 and 

5% yield gains over the farmers' local varieties. Among chickpas, FLIP 

84-92C provided the hi- yields both in winter (1769 kg/ha) and spring 
(1410 kg/ha) situations. 

'me bprwed production package for different £ 4  legurw 

demnstrated at 37 farmers' fields once again showed its superiority wer 

the farmers practices. The gains in grain yields were 37% for faba bean, 
61% for lentil and 40% for spring chi-. In the variety demonstra- 

tiom, FLIP 84-92C chi- reconfimd its superiority by yielding 12% 

more than K9sab. In lentil, Nefza yielded better than 785 26002. 

Tunisian National Prcgrm Scientists and S.P.S. Beniwal 

. . 
8.2.7. Trauung activities 

Training continued to be an inpartant wnpnent of collaboration between 

1- ard the four North Africa Mtional prqrams. The types of 

train* provided to the ratio~l scientists/teChnicians are listed in 



Table 8.2.9. Types of training opportunities in f d  legumes provided by 
Icmm to the ~ t i o ~ l  prcqam in North Africa, 1991. 

T ' y p  of Training No. of mrticimnts 
Algeria Morocco Libya Tunisia Total 

. . 
A. G~PUD Trauunq at I- 
1. Practical Wlizobim Leg~rme 

-1cqy 
2. Biolcqy and Cont.1~1 of 

-inL=TJneCrops 
3. Breeding Methcds for ~ccd 

and Feed legumes 
4. Mechnical Harvesting of 

F d  and Feed Lqmes 
5 .  Insect Control in Cereals 

and- 

B. I n - o ~ u n t ? ? f ~ o N l l ~  
. . 

1. Faba BBan Impruv-t 
(Em-Meknes, MorCu20) 

2. Winter Chickpa Technolcqy 
Transfer (INRAT, Tunisia) 

C. Individual rraininq 
D. Studv Visits 
E. specialized Travelling 

!!c&&se ( M o m )  

Table 8.2.9. 'Ihe twa training courses in the region, one on faba bean 

and the other on winter chic-, were orqanized based on the needs of 

the ~ t i o m l  prqrars in the region. ~n excellent op~ortunity to fccd 

1- scientists of the region for interacting with each other, with 

ICARDA scientists in the rqion ard of the hame-base prcgrams at A l e  

and with food legme scientists of the three Nile Valley countries was 

provided throucpl the Specilized Travelling workshop that was orqanized 

for a week in May in Morrnco. 
1- and Mrth African Wonal  Program Scientists 



9. TEAlNIW AND 

l'he pupose of training is to develop or enhance the tedvlical 

capabilities of W scientists and their support staff. It also aims at 

strengthening networking and to assist in transfer of technologies. 

Table 9.1.1 sunurarizes the activities undertahm by Lp during 1991 to 

meet the above objectives. This was done in some cases in collaboration 

with W s  and other ICARaA programs. A total of 187 participants 

received training in the inprovvement of lentil, kabuli chi- and faba 

bean (Table 9.1.1). 

9.1. oroup mainhg at IcnRDA 

Details of group training are sumxized in Table 9.1.2. 

Table 9.1.1. S m  of training activities in 1991. 

Typ of training Farticipants Representd 
countries 

I. minim at Alem 
1. Group Courses 
1.1. Insect Control 13 10 
1.2. Biology & Control of OmbKIche 6 5 
1.3. Breeding Methdologies 14 12 
1.4. DNA mlecular Marker Techniques 11 9 
1.5 Practical Rhizobim L e q m e  6 5 

-~cgy 
1.6 Mechanical Harvesting of Legumes 10 7 

2. Individual Non-Esre 24 9 

3. Graduate Research 3 2 

11. In-countnr\Subraqional Traininct Courses 
1. Faba Bean Improvement, Morocco 14 7 
2. Legurn? Hybridization, Jordan 10 2 
3. Winter Chi- Technology,Tunisia 23 3 
4. Winter Chic- Technolcgy,Turkey 20 1 
5. cmpter Application and Biometery 
Ethiopia 20 1 

6. LegLmu2 Seed Praiuction, Jordan 13 4 



Table 9.1.2. Participation in group training by countries. 

T y p  of training Cwntries 

Short Courses at A l e m  

1. Insect Control 

2. Biolo3y & Control of 
Orobanche 

3. Breeding Methcdolqies 
for F d  & Feed Legumes 

4. DNA Molecular Marker 
Techniques 

5. Practical Phizobiun - -01w 
6. Mechanical Harvesting 

Of Lesumes 

Short Courses-In-try 

1. Faba Bean Ilnpm2ment, 
M o m .  

2. Lrqume Hybridization 

3. Winter OlicQea Technolcgy 

4. Winter chckpsa Technolcqy 

5. Winter Chi- Technolcyy 

6. Leqm~ Seed Prcduction 

Ethiopia, Libya, M o m ,  Syria, 
Wisia, Turkey, Yemen, Jordan, 
Alqeria, Iran 

Alqeria, Egypt, Morocco, Syria, 
Tunisia 

Egypt, Wllgaria, USSR, India, 
Ethiopia, Libya, Nepal, ~orccm, 
~akistan, Syria, sultanat of h, 
Turkey, Iran, Lebanon 

china, Egypt, Jordan, Ku~ait, 
Lebanon, Syria, Wisia, %key, Yemen 

Egypt, Ethiopia, Lybia, Moroxo, 
Turkey 

Algeria, Egypt, Iran, Lebanon, 
Morccco, Syria, Tunisia 

Algeria, Coldia, Egypt, Libya, 
Morocco, Peru, Tunisia 

Jordan, Afghanistan 

misia, Algeria, M o m  

Ethiopia 

Jordan, Lebanon, Syria, W k e y  



9.1.1. Insect ContrOl Canse 

Fed legme crops are attacked by m y  insect pests wflich results in 

sizable yield m i o n  and post-harvest losses. The same applies for 

-1 crops as well. Realising the need of NARSs for streqthenw the 

research skills in this field, the Ce-1s and Foal L q m e  Improvement 

Prqram conducted a joint training course on "Insect Control in Foal 

and Cereals", 21 Mril-2 May, 1991 at A l e .  lhe course covered 

topics such as sampling and identification of insects and monitoring of 

insect popllations, collection of insects, screening for host plant 

resistance, use of pesticides, and application of biological control. 

The course will continue to be offered in the future with increased time 

allocated for practical skills such as planning of experiments. 

9.1.2. Biolcsy and Control of Ombanche 

The parasitic weed Orobanche represents a mjor constraint to the 

praluction of faba bean, lentil, chic-, p s  and forage legumes in the 

Mediterranean region with yield losses ranging from 5 to 100%. The 

difficulty in controling this pest is related to the biology of the 

parasite. To straqthen the research skills of W s  in this field the 

course on "Biolqy and Control of Orobanche" was conducted 22 April-2 

my, 1991, at Aleppo. The course was attended by 6 participants from 5 

countries and the trainees leamd how to explain the biology of 

parasitic weeds, assess Ombanche damage and infestation in foal 1- 

crop;, discuss various mans of control, apply control measures in an 
integrated approach, and test germination and viability. The course was 

mrducte.3 in mdination with the University of Hohenheim, Germany. 

9.1.3. Breeaing MeUw&lqies of Foed and Feed Legrnres 

To promote sourd strategies and sizerqthen the network of oollaborators 

in the iqrovement of legume germplasm, a training course on "Breeding 
Methcdolcgies of Fmd and Feed Legumes" was conducted 5-16 May, 1991 at 

Alepp. The course was attended by 14 participmts fm 12 oountries and 

covered topics such as quantitative genetics as applied to plant 

breedw, plant genetic resources, breeding methcds, mutation breeding, 

cytcgenetic mthcds, breeding for resistance to enviromtal stresses, 



diseases and insects, variety mintenance and wimental design. The 

ccurse has atterded by senior breeders (mstly m.D. and M.Sc. holders) 
and this all& interaction to d i m s  breeding strategies in a 

ccwparative way. A few of the participants presented the strategies and 

achieverents in their breeding prcgrarrs as case studies. 'Ihe 

participants evaluated the course as highly suocwful. 

9.1.4. M i c a l  Rhizobim Legme Technology 

LP and PFLP conrlucted a course on Rhizobium technolcqy on 3-14 March, 

1991, at ICARDA's headquarters, Alepp. ?he course was skill oriented 

and was attended by scientists from five countries in West Asia, North 

Africa, and Nile Valley. It covered skills in culture collection, cell 

enmeration, Rhizobium strain identification and selection, inoculum 

production, assessing needs for inoculation, masurement of nitrogen 

fixed, and the role of biolqical nitrogen fixation in the cropping 

systems. 

9.1.5. DNR mlecular Marker Techniques for Geriplam Evaluation and Crop 

IrQLWenent 

Plant biotechnolw tools offer innovative approaches in plant 

improvemsnt research. To increase the awareness of national scientists 

about the potential of biote3xolcgical tools in facilitating the crop 

improvexent ?3sarch, ICARDA conducted "DNA Marker Techniques for 

Germplasm Evaluation and Crop Inprovement", 22 September-3 October, 1991 

at Aleppo. The course was attended by 11 participants from 9 countries. 

The cMuse intrcduced participants to theoretical and practical aspects 

of DNA marker techniques and covered current and future uses of DNA 

technolcqy in plant breeding, prwided practical experience in some 

aspects of DNA technology. njo lecture series included gene structure, 

rqulation and transfer, gene identification and marking, gens rapping, 

application of genetic engineering as well as the use of wide crossing 

and mclonal variation. hlring the practical sessions, each 

participant su-fully extracted DNA from legurw or cereal crops, 

purified it, digested it by a restriction endonuclease Taq I, 

electrophoreseed the fragments and probed them with a non-radimctive 



m. The practicals focused on RFLP methcck, ENA amplification using 

Polymerase &in Reaction, and cmputer-based program for rap 

construction and trait mlysis. The trainees evaluated the course as 

useful ard hoped that this interaction will lead to the start of a core 

network in this qstredm reseamh area. 

9.1.6. meal Harvesting of mod and Feed Lqmms 

A legme hamest mechanization short course was mn at Tel  Hadya from 12 

to 23 May 1991 in amp!xation with the Pasture, Feed and Livestock 

Pmgram, an3 was attended by 10 participants f m  the following 

mtries: Algeria, Pigypt, Iran, Lebanon, Morocco, Syria and misia. 

The course was to show a m e  of systems of production anrl mechanization 

suited to different conditions to decrease the cost of phcing 1-. 

'Ihe program included both lectures and field demonstrations of a 

range of equipment, such as mswers (self-propelled and tractor-drawn), 

combines and the lentil puller. Lectures were on the problems of 

mxhnization, the breeding and agronomy of mechanization for different 

legumes, seed-kd preparation, economics and techniques for farmer 

interviews and on-fm trials. In addition, trainees presented the 

situation of 1- prcduction and mechanization in their own countries. 

9.2. In-country/Bub &onal/Feqional Courses 

9.2.1. Faba ~ e a n  wrwment 
A regional course on "Faba Bean Improvement" was held April 21-May 3, 

1991 at the facilities of ENA-Mehes in M o r o x o .  mere were 14 trainees 

f m  7 countries. 'Ihe course presented faba bean breeding and pathology 

in an m a t e d  m e r ,  and aimed at providinq an intrcduction to faba 

bean impmerent with an emphasis on selection for disease resistance. 
The course brought together breeders and pathologists working on faba 

bean an3 provided them an opportunity to learn more on creation of 

variability, selection techniques, and seed prcciuction of the released 

cultivars. 



9.2.2. New B i a m t r i e a l  Tools for Plant V a r i e t y  Evaluation 

A regional course on New Bicsnetrical Tools for Plant Variety Evaluatim 

was held 16-27 Sepimrbx, 1991, at the Mediterranean Apmmic Institute 

of Zaragoza, Spain. m e  course was jointly organized by ICARW, CIHEAM, 

and CDmT.  ICARW supported eight participants from North Africa and 

West Asia. lhe axnxe m s  airrsd at plant breeders and agrorwnists and 

the course emphasized practical rather than theoretical context. LP ard 

CP prcgram coordi~ted the preparation for the course and scientists 

participated in instruction. 

9.2.3. L q m e  y lbr iza t ion  Techniques 

An in-wuntry course on 1- crossing was corducted at the university 

of Jordan, Anman, during 27 April to 1 May, 1991. m e  trainees were 

minly from Jordan in addition to one trainee from Afghanistan. The 

course fccused on crossing in the field with exposure to infomtion 

back- on hybridization through the auto-tutorial rradules developed 

for the purp36e. The use of audio-visuals was given hi* ratings by the 

trainees. 

9.2.4. winter Chickpea Technology hansfer 

Tm courses on transferring winter chic- technolcgy were conducted: 

One in Tunisia during 14-17 May, and the other in Dyiarbakr, Turkey, 

during 23-25 May. m e  wur;e in Tunisia, jointly with INRAT, was a 

subregional one hating candidates from Tunisia (15), Algeria ( 5 ) ,  and 

M o m  (3) while the course in Turkey, jointly with East Anatolian 

Research Institute, was atteded mainly by trainees from the local 

institutes. In both cwrses the trainees were a mixture of extension, 

research, and pmction staff from the govenment. A few farmers 

attixded the w- as obsemers. The emphasis was mainly on 

transferring winter chickpa techonolqies including discussion on 

adoption aspects. The lectures were augrrwted by visits to farmers' 

fields where winter planting was adopted. In both axlrses audiovisuals 

and ccquter-aided instruction (CAI) were dmnstrated. 'The series will 

continue to enhance training the trainers. Such a course will be our 

prime candidate for decentralization to NARS. 



9.2.5. Biaimtry rmd Cmpter Application 
LP ard CN jointly conducted an in-try couzse in &Idis Abaha on 
exprimental design and analysis and biometrical cmputing in these 

areas. The onuse held during 28 March to 4 Wril was attended by 20 

participants fran IAR and Alemaya university, Ethiopia. It focused on 

design and amlysis of expzriments, and the use of computer software such 

as: MSTAT, Harvard Graphics,,Word Processing. The trainees had a hands- 

on experience. The level of achievement in skills was high due to 

motivation of participants. 

9.2.6. I q m e  Seed Production 

An in-country cnu'se on 1- seed production was conduct& jointly with 

ICPRDA Seed Unit. ?he course was conducted in Amman to host trainees 

f m  Jordan, Lebamn, Syria, and Turkey. Although the course covered all 

mjor aspects of legume seed production, the course focwed on seed 

health. ?he trainees benefited from the facilities in the seed 

pro3uction unit of the Jordan University. This association will 

cnntinue in the future and can be used as a &el. 

9.3. Individual Non-degree Training 

As per the request of NARSs, training on an individual basis was offered 

for 24 participants f m  nine countries. Skills covered and countries 

represented are given in Table 9.3.1. The syllabi were tailored to meet 

the specific needs of NARSs and the academic backqmund and performance 

objectives of the participants. 

Table 9.3.1. Participation in the individual non-degree training, 1991. 

Topic No. of Countries 
participants 

1. Aqmncmry & crop Physiology 2 Syria, Sudan 
2. Trial mgement 4 Ethiopia 
3 .  Breeding 6 Syria, Iran, Ethiopia, China 
4. ~nsect and Disease Control 10 Algeria, Lybia, M o r n ,  Syria 
5. Lequrce Mechanization 1 1ran 
6. puality 1 Syria, Tunisia 



As part of the degree-oriented training 3 students joined the pmgram 

during 1991. The names of the graduate students are given i n  W l e  

9.4.1. Six students received their M.Sc. an3 Fh. D. degrees and a few are 

writing their thesis at their universities. 

Table 9.4.1. Participation i n  graduate research training in 1991 

Name D q e e  University Country 

Reqistered in 1991 
1. muad lMucc4 M.Sc. Gezira Sudan 
2. Sara Nour Fh.D.  INRA Sudan 
3 .  Mohamed W i  %.D. INRA Algeria 

Reqistration continuing 
1. Aziza Dibo Ajouri 
2. Jehad Zaki AM 

Al-Rahm Yasin 
3. HosSaIl El D i n  M. 

El-Sayed Ibrahim 
4. olristiane Weigner 
5. Ahmzd Saoud 
6. Heiko Schnell 
7. Maja van Hezewijk 
8. Huda @was 

f m  previous Years 
m . D .  ALepp Syria 
M.SC. Jordan Jordan 

Fh.D.  Alexandria Egypt 

Ph.D. Tubingen Germany 
m . D .  Damascus Syria 
Fh.D.  Hohenheim F'R Germany 
Fh.D.  Armtenlam The Netherlands 
m . D .  Damascus Syria 

cawlet4 and d- awarded 
1. Qlada Hanti M.Sc. Alepp Syria 
2. mshir A. mlik F h . D .  OaidAzem Pakistan 
3. I. Haq Fh .D.  funjab Pakistan 
4. Fatima Mustapha M.Sc. Gezira Sudan 
5. El-Now A. Csman M.Sc. Khartoum Sudan 
6. M. Elbashir M.Sc. Kha- Sudan 

9.5. Training Material 

I 2  pnxluced four auto-tutorial morlules on hybridization techniques an3 

biolcgical nitrogen fixation designed to meet the needs of the 

trainees. This is expected to allow NARS reach self-sufficiency in 



&ills su& as crossing. The modules are self-learnkg wurszmre which 

are easy to use at trainees' pace thus enhancing language Slcills. LF 

also p r c d c d  two m t e r  prototypes on winter sowing of chickpas and 

lentil hybridization. These were based on hypermedia wncepts using 

hyprtext-hsd software. All of these a d v d  materials were used 

during in wuntry and headquarter courses and rigorous evaluation was 

done to get fedback from users. 

9.6. Seminar: 'Lentil in South Asia* 

A seminar on 'Lentil in South Asia' was held in New klhi from 11-15 

March, 1991 sponsored by the Indian Council for Agricultural Research 

(ICAR) and ICARDA. The seminar aimed to review research on lentil in 

South  Asia, where about half of the world's lentil is grown, as a base 

line for future activity in the region. Invited review papers were 

presented by key lentil scientists for Bangladesh, India, Nepal, 

-tan, and Sri Ianka. The reviews, together with the ensuing 

discussion, are bekg edited for publication by ICARDA. 

An additional inportant aim of the Seminar was to decide 

collectively the direction of future research on lentil in South Asia. 

Since ~rrmy of the problems of lentil are cormnon to the different 

cauntries of the region, a major effort was made to identify those areas 

of msat-31 oannon across countries, which might be assisted by 

networking. 'me resulting recoilnw3dation.s for regional activities on 

research and training m y  form the technical basis of a sub-regional 

project on 'Lentil i n p r o v e  in South Asia'. 

H. Habib Ibrahi~~ and other Scientists of Legrane Progrerm 
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