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TIE Fad ~sgume Improvearent &cgram (FLIP) continued its efforts during 

1989 on the inpmement of kabuli &&pea, lentil and faba bean within 

the fmmsmrk of the Mdium-term Plan of the Center. Crop impruvement 

reseazrh, training and infomation dissemination activities were 

undertaken with a view to enhamze the capability of the national 

prcg-mns in the West Asia and North Africa (M) region and to 

exaxage and assist them in their efforts to inprove the prdwtivity 

and yield stability of the -1 season focd legumes ard in the transfer 

of technology to their farmers. In line with the increasing thrust at 

the Center in the Medium-term Plan on inpming praiuctivity of the 

farming system in relatively drier areas, efforts on inproverent of 

kabuli chi- an3. lentil were  ' 1 with a corresponding 

reduction in the efforts on faba bean, which is usually grmn under 

more assured misture supply conditions. Ieseanh on adaptation of dry 

peas to the dry rainfed fannirq system of WANA was continued, under a 

restricted core grarrt fran the FW,, Federal Repblic of Germany. 

As in the past, dtidisciplinary teams of reserd~ers f m  FLJP 

and other researrh prograns at ICARW worked on specific 

projeds in each of the QPPS with full involvement of the scientists 

fran the national progra~~s m e r  possible. Xabuli chi- 

hprovement work was carried out jointly with the International Crops 

Pasednb Institute for Semi-Arid T~~pics (ICEUSAT). In pusuance of 



the policy of deentralization of b r e d h g  efforts, activities 

amtinued t o  expard in the North African Regional hpject and the FLIP 

scientist located a t  Nmxco worked closely with the national p r a p a i ~ ~  

in Algeria, Libya, ~ m c c o  and Tunisia and coordinated activities of 

the regional network. Networm of research efforts on a l l  the three 

cool season fooj. legumes in the Nile Valley of Egypt and Sudan and the 

highlands of Ethiopia received boost with the start of the Nile Valley 

Regional Program (NVRP) as the IPAD/Italian Gmermmt v r t d  Nile 

Valley Pmject on faba bean terminated. F'LlP worked very closely with 

the national prograrrs i n  Iraq, Jordan, Pakistan, Syria and Turkey in 

developing strong local cnp inprov& efforts and ensuring 

ccanplementarity. Linkages with 1- -ers in china and the 

USSR were expanded. 

Collaboration with several institutions i n  the industrialised 

mtries of Europe and North America contin& for basic research to  

hpmve the efficiency of cur cmp i n p r o v d  efforts and develop 

better und- of the wchanisns of host-plant resistance t o  

varicxls biotic and abiotic stresses. mlica t ion  of biotechnolcgy i n  

crop inprovemnt was one of the inprtant  activities in this 

collaboration. 

?he principal - station of 1- a t  Tel Hadya as w e l l  as 

the subsites i n  northern Syria (Breda, Jindiress, and Lattakia) and the 

Eekka valley of Lebanon (-1) were used for the major crop 

iupzwement reseanh work. The weather conditions prevailing a t  each 

of these sites is depicted in the Figures i n  Section 11. In  geneml, 



the season was drier than the lcaq-tenn average a t  all test sites 

affecting cmp gmwth am3 yield adversely. Hwever, it did provide a 

goad gportunity for the evaluation of the b- m a t e r i a l  of l en t i l  

ard Mi chi- for d r aqh t  tolerance. Feseaxh sites of 

different nationdl prograns were also used for strategic joint r s a r c h  

on the develapnent of b- m a t e r i a l  with specific resistance t o  

scme biotic stresses. For the advancanent of breeding m a t e r i a l  by an 

additiondl generation during sumaer, the high elevation resear& site 

of the Jonian Ministry of Agriculture in shawhck (for lent i l  and faba 

bean) and the 7krtml research station (for kahlishickpea) were used. 

A s u m ~ l r y  of the major achievements of the prcqam in research, 

training ard netmrkhq act ivi t ies  during the 1988/89 season is given 

belw: 

. . 
1.2.1. pahill 

pro3ram continued to place -is on both winter- and springsawn 

chi-. 'Ihe importance of winter s m b q  bezame p r t i a i l a r l y  evident 

in this relatively drier season whrm spring-scm chi- failed t o  

give any seed yield in several areas. 'Ihe area under w i n t e r  sawing is 

inneasing WANA. Winter sawing of new breeding lines a t  

three locations (Tel Hady, Jiniiress and -1) over s ix  years 

(1983/84 to 1988/89) gave a yield increase of 62% (625 kg seed/ha) 

over the spring- cmp. m i o n  anl impact studies on winter 

w i n g  have shcrwn interesting results in Syria and M o m .  



The national pmgranrs &hued to make good use of the 

genetically Mhanced material -lied by IcARIX. Six cultivars, 

d y  TS 1009 and TS 1502 in France, Janta 2 in Lebanon, ILC 237 in 

Qrman, and E l w  and Elvar in Portugal, were released as cultivars. 

With these, the total mmker of releases reached 27 in 13 -tries 

including Algeria, Cyprus, Fm-ce, Italy, Idxmm, Morocco, Qrman, 

Portugal, Spain, Sudan, Syria, W i a ,  and Turkey. In addition, 

scientists in 12 camtries have selected 42 entries for prerelepe 

nniitiplication -or on-farm testing. We furnished 15,595 entries to 

NAILss in 42 -tries for use in their breeding prugrams. 

SQ-eening for biotic and abiotic stresses was given high 

priority. Resistant sarces have been identified for tm diseases 

( A s x d i y t a  blight and Fusarium wilt), tm hsect-pests (leafminer and 

seed beetle), cyst nematode and wld either in cultivated species or in 

the wild spp. or bath. Efforts are undezway to transfer genes 

for resistance fran wild to cultivated species using comrentional 

interspecific hybridization and also embzyo rescue technique. A major 

achievement in interspcific hybridization was the prduction of F2 

seeds fmn crosses _C. arietinum X _C. ech- and c. reticula- X 

C. echinosoenmrm - for the first time, providing the o p p o ~ t y  of 

transferring genes frwn _C. to the cultivated species. 

?he low rainfall that characterized the 1988/89 season provided an 

excellent opportunity to select dmqht-resistant lines. hrm the 

dn=ught-tolerance project on chiclcpea initiated four years ago, the 

early maturing selections mde perfomed well this y a .  Tbxe is a 



gndual shift tmard earliness in the mterial being generatsd. For 

exanple, only 10% of the lines were faud to be early and pruiuctive in 

the international trials, which included entries develaped fcur years 

ago. In c9ntrast, in the preliminary trials, wtLich included entries 

developed last year, nearly 50% pmved early and gave reasonable yield 

this year. A 1- sprinkler system proved very effeztive in the 

&xly of the response of diverse gendlpes to varied misture w l y  

ami to identify true mqcnse to dnxght. Mdti-location testing of 

several early maturing lines in the scuthernly latitudes &wed good 

adaptation in areas where in the past IICARW enhanced germplasm shawed 

pcor adaptation. 

S u e s  on breeding mtkds included: investigation of the 

associations of various characters with seed and total biolqical yield 

on 6170 accessions of kabuli chi-; analysis of stability of 

different characters acnss environmmts; inheritance of cold 

tol-; genetics of resistance to Ascxhyta blight; and developmt 

of IKdified bulk-piigree method for b m  cold and m y t a  blight 

resistant chickpas. 

m e s  on the pathogenic variability in ksuxhvta -i were 

amtinued using singlespoxd isolates on the cvrrently available hast 

differential set of 9 genotypes Lnder contmlled environmatal 

an-ditions. The six isolates qiffered in aggressiveness with isolate 3 

being the weahst and isolate 6 mst aggressive. Using these 9 

genotypes ard 6 isolates a l e  all lwels of disease severity were 

-Ided. hresent study indicated that there was no reversal of 



mnkbq in the genotypes with different strains and therefore sxeenhg 

of bredhg material against mDst aggressive isolate 6 shculd be 

sufficient to identify resistarR -. 

Work on the application of restriction fragment length 

polymqhism (RFIP) to identify ecmmdcally hprbnt genes in 

chickpa genotypes and the isolates of kaccd&b rabiei has been 

started in cocpercltion with the University of Flankfurt, FKG. The 

analysis of 15 chickpea genotypes perfon14 to date revealed that 

chickpea has a high degree of polym- making it qecifically 

suitable for RFLP analysis. 

One spray of -&fan r&uz!& the percent mining of leaves by 

leafminer and ' 1 seed yield of spring c f i i m  in the studies 

carried out at 3 locations in f-' fields in northern Syria. 

S M i e s  at lkl Hadya shom3 that neem seed bet might be an 

effective alternative to conventional insecticides for the contml of 

leaf miner. Studies on the htqmted contml of pod borer were 

continued at Izraa Research Station, as a part of a graduate student 

thesis, in mllaboration with the University of lhmscus. Variaticms 

on the susceptibility of chickpea genotypes to aphid infestation 

appeared to be related to the pH of leaf washings - higher @I irdicated 

hi* suxeptibility. 

S M i e s  on dinitmgen fixation in cfiickpea involved investigations 

on identification of an alternate -ant carrier to peat and the 

chiclqwa host plant genotype and Rhizobium strain htemctions. A soil 



c o n t a ~  >lo% organic matter from the Ghab valley of Syria, when 

amm%d with charmal, prwed equally effective to peat in maintaining 

hi* (>lo9 g-l) m a t i o n s  of rhizabia ncdulating chickpea wer 

periods of 126 days, indicating the suitability of this material as an 

i d a n t  carrier. stwiies on M a t i o n  of a range of chi- 

cultivars with different strains of Rhizcbium shmd significant 

interactions for seed anl nitrogen yield responses as well as for the 

fraction of tatal nitrogen derived from fixation, suggesting that 

thmugh apprcpriate cubinations biological nitrogen fixation cauld be 

ccarjiderably inpmed. 

1.2.2. Ientil 

Average lentil yields are lcw because of poor crap managmt anl the 

lad yield potmtial of l-ces. In S. Asia anl E. Africa diseases 

are also a major constraint to production. AocortLingly , an intqrated 

approach to lentil hpmement is being pusued at IcARtA cavering the 

develapnent of both h p m e d  production technology anl genetic stocks. 

A high priority has been placed on research on lentil harvest 

mechanization system to reduce the high cost of harvesting by hand in 

the West Asia anl North Africa region. z q m d c  research to develop 

inpmed production practices is conducted in coordination with the 

Farm Resource Management m-ogram, anl is m e d  to the region via 

the Internationdl Testing Network. Increasing the biologicaly-fixed 

nitrogen in the wheat-based cm&q system is the aim of the 

activities in Rhizobium resear& anl Sitona weevil control. 

IXlrhq 1989 the Nationdl Prcgranrs of Australia, CaMda, Chile and 



Monxcn released lentil  cultivars received thnagh the Food Legume 

International T U t h q  Neftnork, b r i q i q  the total to eleven of such 

cumtries. 'CentinelaJ (Chile) and 'ILL 4605' ( M o m )  w x e  both 

released on the basis of their resistanoe t o  lentil rust, reflecting an 

hxeased e@msis within lentil inpmmmk given to breeding for 

resistanoe to key diseases. for resistance to msarim w i l t  

is now m&rhken a t  Te l  Hadya i n  cooperation w i t h  the University of 

Alepp.  Scmenhg for resistance to Ascaiyh blight is done a t  Tel 

H a c l y a a n d b y t h e j o i n t b r e e d i n g ~ ~ ~ i n w k i s t a n .  Rustscreeningis 

axbzbd in cooperation w i t h  the Moroccan program. A s  a result, 

wurces of resistanoe to these diseases are nm available and being 

shard w i t h  nat ianl  p- thrrxqh the Internaticnal TesthJ 

Network. 

Ihe breeding program, divided intn three directed tawards 

the three aqmecological zmes  (larmad. elevation bkditenanem 

regim, lawer lati- and high elevation), cmtimed making nearly 

300 messes to develnp segregathJ m a t i o n s  taqeted for different 

regions w i t h  eqhasis placed on relevant m i n t s ,  prwiding 

b m d h g  material for m t i a n l  program for selection and d t i v a r  

aevelopoent & &. In support of these activities the prcgram 

develCpea far new nurseries this year. T h e  s u t ~ ~ ~ n m l  rainfall a t  

Brda and Tel Hadya locaticns this year facilitated selection of 

bmedhg lines for drmght toletame and, in addition, the use of line- 

sauce sprinkler systw p d  very effective for this plrpose. 

Special traits associated with better crop perfonmnce un3=r drmght 

w=n= identified. 



rn ~ r t  the genetic bpmvemnt work, &dies were carried art 

m variability in lenti l  graJUl habit, geratyPe x en~inmment 

-on for the patential feeding value of lenti l  straw, methods of 

plant selection, and heterosis. Ihe program also developed a uniform 

system for the description of the developzntd stages of lentil, 

adoption of k h i c h  w i l l  help ammmicatim amq& the lentil 

scientists. 

'Ihe genetic bpmvemnt in lentil in future might require transfer 

of alien gmes to the cultigen. W e s  shckJed that 

w f a c i e n s  can be used as a gene vector for application of genetic 

engineering i n  lentil. 

Nearly 0.6 million m of red cotyledon lenti l  is amsued 

anrnrally in the world after post-harvest pmcessiq into spl i t  dehulled 

seed. Ihe procgs involves cleaning of sed, brief inersion of seed 

in water, spin-drying, starding to terper, separation into seed size 

fracticms, dehullbq/splittiq, and final separation. Ihe effeds  of 

seed size fraction, imnersion times, teqemtum and duration of a* 

drying, and s t a m  t ime  on the efficiency of dehullimgsplitting 

lentil were ewmined. High dehulliq yield resulted fma the 4 1  

seed fraction (4mn), an imnersion time of one minute, no aix+@rq, 

andastandingtimeof24hans.  A g e n o t y p e x e n v i m r m n t ~ i a n  

6tu3y revealed that it waild be feasible to coasider selecting 

gemtyPg for inp- dehulling prqerties, kR a t  present we w i l l  

manitor the W i t y  traits and maintain them a t  a oaparable level to 

the local cultivar khile fausing m inpruving the yield of seed and 

sbmi and ather ?agrcmmjic chamcters. 



Studies on biology and corrtrol of minitus, being a major 

insect pest of lentil in the region, were continued. Noiule damage 

fmn the larvae of this insect could be controlled effectively by 

application of Carlwfuran. Seed dressing with Pmmet also proved very 

pdsing and this may senre as a safer and cheaper method of control 

than the use of Carlwfuran. Effect of naWe damage control on the 

biological nitrogen fixation is being investigated. 

?he 1C;ARDA lentil gmwing region includes a wide diversity of 

soils, cliimtes, crop managemnt and history of lentil produdicm. 

Inligemus mations of F%-dzobim lgnrminosarum should, therefore, be 

very diverse. Hence, sarrpling of this ppulation fran mdules of 

lentils grwing in seven auntries frcsn ICARW region was done. 

Synbiotic effectiveness s u e s  urder aseptic hydmponic culture shmed 

that 50% of total isolates (mostly f m  Turkey and Jordan) were highly 

effective whereas the rest ( d y  caning fran Syria, Egypt ard north 

west Africa) were moderate to l a  in symbiotic efficiency. Isolates 

that could tolerance high tapmture (>40°c) and high salinity levels 

(0.5% NaC1) were also identified. Efficient strains are being further 

s M i e d  for their performance under field conditions. Studies on host 

plant genotype and rfiizobial strain canbinaticms in the field &xed 

significant interacticms for yield response thereby indicating the 

possibility of irproving biological nitrogen fixation in lentil by 

selecting appnpriate canbinations of the synbionts. 

Lentil hamest is the major prcduction problem in the 

Medikrraman region because of the hi+ cost of hand harvest. Systems 



of m&nnizaticn &velcped earlier were tested again in 1988/89 but 

because of cold aml dry winter, the crop growth was restricted which 

m u d e d  machine harvest and &im'&mted the ecological limits of 

lentil harvest mghanization. 

1.2.3. 

In a a m w  with the decision of the Consultative Grcrup on 

International Pqriailtuml Research (GIAR) to phaseart crop 

hpmvement researcfi at ICARDA by transferring it to the national 

~ ~ r s ,  the ICARW faba bean b m  and pathologist mared to Dmyet 

&search Station (near Fes in Moruxo) as of 1 SeptarS3er 1989, with 

sirmltanew redudion in the e work at T e l  Hadya and lattakia 

and inmease at varicxls reFnarch staticms in ~ L T X ~ .  Also, work in 

other north African cumtries and in the Nile Valley of Eqypt and Sudan 

and the high-lands of Ethiopia was m e d .  

Ihe mtional programs continued to use ICARW enhanced germplasm. 

me line 80s 43977 has been released as 'Favel' in Portugal. In 

Ethiopia 27 lines are in advancd national &ti-location trials ard 

532 lines are in preliminary saenhg nurseries. w determinate line 

(n 84-146 FB) is in on-farm trials in Chjna for relay 

uupping with cotton. In Syria, detemimte line 80s 44027 is in the 

second year of on-farm testing. In Algeria 14 lines were included in 

rmltiloation testing and sac of the l aqe  seeded selections (Seville 

Giant, New Manmwth) are &dates for release. 

Ihe work at Lattakia had led to identification of a large nmhr 



of lines with resistance to ow or mre of the caaocn faba bean 

dkeaaes (chocolate spot, kxochyta blight, rust, stem nematode) in the 

past. one hundred and thirty six dhease-mistant sourczs were 

evaluated for IBK;R/ICAEMA faba bean desxiptors. Publication of this 

data in catalog form w i l l  increase the use of this material by the 

national bmdhg prqmns for disease mistance. 

Work on ocmnc~l vhuses shawed that two pue lines (BPL 756 and 

758) were resistant to BIEN and tolerant to B!iMV. Rur EiPL1s had high 

level of resistance to B!iMV. Results of a preliminary &niy 

that Rumxsis qp. could be a potential biological cmtml  agent 

agairet @x.Wxhe -Q in faba bean. 

As a part of the N i l e  Valley R e g i d  Program a Mal of 1100 faba 

bean lines hrm Eqypt, Sudan, Ethiopia and ICARW screened for 

resistance to A&& craccivoza in the Giza laboratory, of which 40 

lines shawed same degree of resistance. 'Ihe field smeenhg of a Mal 

of 344 lines revealed 36 line8 with resistance. In two field 

with 15 previously selected genotypeS each, 5 t o  6 

w i t h  lw a@Ld infestation and yield reduction were 

identified. Of the mast prwnisFng lines identified to date a 

% e g i d  m d  Scmenhg Nurseryn will be established and tested in 

the cwntriea. In  the -of 114 BPLs a t  Tel Hadya in the 

plastichouse for resistance to m, five wsre fand to be 

m*, of whi& m e  was also resistant and two t o l d  against _A. 

sm&YQ?s. 

Field e x p e r m  on resp~nse of - prcrnisFng and d i m  faba 



bean genotypes to different strairs of Rhizcbium again sbaJed 

significant interactions for seed and nitrqa yield highlighting the 

potential for aploiting cultivarstrain htemctiorr; for inproved 

biological nitrogen fixation even in an area where the naturalized 

pcprlation of Rhizobilrm is adequate. 

1.2.3. Ihv 

Work mRirnaed on the evaluation of dry pea cultivars Welaped 

el- for their adaptation tn the farming systam of WANA and 

pmvidirq the adapted materials to the N A P S  in the region. Of the 308 

lines evaluated durirrj the seasan, 14 were salezted because of their 

superior perfommmx, for nultilccation test- at ICARW. Fran the 

preliminary yield trials at Tel B d y a  and lWbol, 23 aocessions w%re 

selected for the Pea Adaptation Trial in WANA for the 1989/90 seasan. 

National programs have fcmd the material supplied useful. Sudanese 

p r c q a m  raid "Karh -1"  as a dtivar for the Northem Province of 

Sudan. 

1.2.4. adxo1 

'Ibis resear&, jointly w i t h  the University of Hchenheim, F S ,  

eqhsised develcpnent of integrated rmtrol of the parasite in the 

cool seasan food ard forage legumes. T h e  llpst prrmiSing crnobinati~~~~ 

of ombml neasxes were: slightly delayed scwirg (than the &te 

Cptimmn for minfested crop) + g l m t e  herbicide for faba bean; 

delayg] sa?irq of the adapted dtivar (ILL 8) + imazaquine herbicide 

in lentil; less infested genotyp + hand plllirrj in chickpa; less 

i n f u  genotype + h a q u h e  herbicide in field pea. 



1.2.5. p 

This program is a vehicle for dissmination of genetic materials and 

impmved prcducticm practices in the fonn of international nurseries 

and trials, to national prupm scientists in and artside WANh region. 

A tcrtal of 1022 sets of mrsa-ies and trials (447 sets for 19 types for 

drickpa, 410 sets of 17 types for lentil, 127 sets of 8 types for faba 

bean and 38 sets of one type for dry pea) were distrihhxl for the 

1989/90 sesm to 105 oxpmtors in 47 differant mtries. 

1.2.6. -- 
The Nile Valley Project (NVP) on faba bean whi&  was successfully 

operated in Egypt and Sudan fmn 1977 to 1988, and in Ethiapia fmn 

1985 to 1988, was raised to a regional program in 1989. The ressazrh, 

training and develqment activities w e n  m e d  to include chi- 

and lentil in addition to faba bean. Cm-fann trials with irrpmved 

production practices gave ecoMhic increases in yield in all three 

cmps. Back-up mseaxch help3 in developirq breeding material with 

inprwed resistance to diseases and insect pests and in developing 

ecananic and mre efficient prcduction techniques for evaluation in 

the on-fanu trials. Mcption studies on the ~~ production 
M q u e s  have been initiated in the program. 

1.2.7. North African Mend Procnama 

CXopemtion with the rntional ~ograns in Algeria, mrocm, TVLsia and 

Libya expmded during 1988/89. Several selections of ICARM advanced 

breeding lines and segregating populations --yielded the local checks 

by significant margins in the multilocation testing of faba bean, 



chi-, and lenti l .  A m m b r  of lines were released or  recaranended 

for pmre lease  d t i p l i c a t i o n .  For chickpea, F'LIP 83-47C and 84-92C 

w i l l  be released to famers in Tunisia as dual season (winter and 

spring-swn) a i i t ivars .  In Algeria, F'LIP 81-57W and FLIP 81-293C and 

in MoroccO FLIP 83-47C, FLTP 83-48C, and FLIP 84-92C mummended 

for  prerelease  d t i p l i c a t i o n  because of wide adaptation and 

resistance to Asoxhyta blight. For l en t i l ,  Precoz (ILL 4605), Ii24 and 

L56 were released and ILL 6002, ILL 6209 and ILL 6212 were reamerded 

for prerelease  mltiplication in M o m .  Precoz particularly with 

stood w e l l  the epidemic of rust in Morocco this season. In Tunisia, 

FLIT 84-103L, and 785 26002 and in Algeria F'LIP 86-20L are in pre- 

release multiplication. For faba bean, Aquadulce and New Mannmth i n  

Algeria and FLIP 83-106 FB and two selections frcm local m a t i o n s  in 

Tunisia are &dates for release. 

Di- suzveys in the three countries pruvided a gccd assessnent 

of the disease situation. Based on field and laboratory screening six 

chidpa lines showed broad-basd resistanoe to A x c c h y t a  blight a- 

Algeria, M o m  and Tmisia: FLIP 82-150C, 83-47C, 83-48C, 84-92C, 84- 

93C and 84-182C. In W i s i a ,  183 accessions of chickpea were confirmed 

as having resistance t o  Fusarium w i l t  a f ter  two cycles of scmminq. 

In lbm, nearly 100% control of m x U e  damqe by Sitom larvae was 

OMained with Prcanet seed treatmmt i n  f a h  bean. 

Agmnanic SMies were conducted on a l l  the fmd legumes and 

on-fann evaluation was carried out. Denrmstrations of wintersowing of 

chickpea were increased and s o c i ~ c  appraisal of the technolqy 

was started i n  E l o m .  



. . 
1.2.8. -n 
In order to strengthen the research skills in the national programs, 

group-training and individual mwdegme as well as degree training 

pmgmnm were rmtinued. A total of 154 participants used these 

tminbq qprtunities. G m u p  training included 'Residential Training 

Carrsef as well as specialised short causes on 'Insect Ccortrol', 

' D i s e a s e  Methodologiesf, 81entil Harvest Mechanization' and 'Legume 

Inoculant Produbionf . We aLso caxiwbd 8in-mmt?qf causes on 

'Bredng tkthodologies and Hybridization ~ q u e s f  in Pakistan, 

'Hybridization lkhiques' in Wrcun and Egypt and 'Seed Technologyf 

in Mxoox. 

lb enhame the interaction between the fmd legume scientists 

w i t h i n  and artside li?Ni E organized or ccepmored a series of 

mrldxfs and mings. 'Ihese included: 1. 'International War- on 

Present Status and Futim Prospects of Faba Bean Csrq, I m p m m t  in 

the MBaiterranean countriesf, Zaracpssa, Spain; 2. 'Interrational 

syrapcsiun in Qlina', Hangztm, Zhiejiarg Prwince, PRC: 3. 

'Ccnsultancy Meeting on Breeding for Disease Resistance in lClbuli 

Qrickpmf , Alw; 4.  'ChiCkgeas in the Nineties1, ICP.ISAT, Inrlia. 

Also a 'West Asian Seminar on Facd Legumes8 was held in W k e y  and a 

'lkztirg for North African Regional Pmgram on Fcdd v' was held 

in Woraco. In addition, several travelling w r m  were organized 

in the region to expzd informtion exdmqe on research methads and 

evaluation PIUC&KES. 



lhe kabuli chickpa inn,rweiumt is a j o h t  project w i t h  ICRISAT 

Center, India. aim of the project is to increase ad stabilize 

U i  chickpea production in the developing world. Of the four main 

regions where chickpea is gmwn, the Mediterranean region and Latin 

America produce mostly katuli  type d-iickpea. Five to ten percent area 

under chickpea in other two main regions (Indian subcontinent and Eas t  

Africa) is also dwoted to kabrli type. KakrLi &&pa is also gmwn 

in high elwation areas (>lo00 m above sea lwel) in W e s t  Asia, 

especially Turkey, Iraq, Iran, and Afghanistan. Asxchyta blight ard 

FUsariwn w i l t  are two major diseases of chickpea. Ieaf m i n e r  in the 

Medi- region and pod prer in other regions are major insect- 

pests. Xabuli chickpea is mainly - as a rainfed crcp in the Meat 

based farming system in areas receiving mre than 350 rn rainfall in 

the West Asia and North Africa (WANA) region. In Egypt and Sudan ard 

parts of South Asia, W e s t  Asia ad Central America, the crop is gmwn 

w i t h  supplemental irrigation. 

In West Asia and North Africa, where the crop is m t l y  

sprh-g-smm, yield can be h c r e s d  substantially by advancing sowing 

date frau sprirq to early winter. ?here are indications that 

increasing plant density and reducing r a ~  width might imrease yield 

significantly, especially during winter. Winter sawing all- chickpea 

cmp to be harvested by machine. Major efforts are urderway to 

stabilize &&pea productivity by b m  cultivars resistance to 

variars stresses, such as diseases (blight an3 w i l t ) ,  insect-psts 



(leaf miner and pod borer), cold, and cyst nematcde. Efforts are 

underway to collect basic information for generating irpxlt responsive 

cultivars, especially those which responl to ap l ica t ion  of w t e  

and wa*. Research inpt  on d n q h t  toleranz has also been 

increasedasthespringmcmpisoftensnposedtodrmghtstress. 

D x h j  1989, several col labrat ive projects cpxated. In the 

project "Developwh of chickpa ge.rnp1asn with mined resistance to 

Asccchyta blight ard Fusarim w i l t  using wild and cultiMted species1*, 

f m r  Italian institutions and ICARIIA collaborated. The s a e n h g  on 

cyst: nercatode was carried out in association w i t h  the Is t i tu to  di 

NaMtolqia Agraria, C.N.R., Wi, Italy. M i u m  w i l t  resistance 

screening was done in association with INRAT, Tunisia and the 

Department de Patologia Vegetal, Cordoba, Spain. S c x e m h q  for 

tolerance of cold w a s  done in caoperation with Agricultural Research 

Insti tutes in Turkey. Genetics of @nqhate uptake was investigated in 

association with the University of Hahenheim, Federal Republic of 

Germarry (EaG). A program on mutation breeding was conducted jointly 

w i t h  the Nuclear Insti tute for Agricultural Biology, Faisalabad, 

Pakistan. ?he University of Sasketdman, Canada is col laborathj  with 

ICARDA in the study of land races of the kabuli type of chickpa. 

Studies on mechanism of drought and cold resistance and sane aspects of 

biological nitrogen fixation are being studied i n  collaboration w i t h  

INRA, Montpellier, France. Studies on leaf miner resistance and 

application of restriction f m p m t  length polymorphisn (MU') in 

dmracterizing chickpa gem* are carried out i n  collaboration with 

the Max Planck Inst., m. 



The rain chjective of the b m  project is to prPduoe d t i v a r s  and 

genetic stoc)cs w i t h  hi* and stable yield. Specific cbjectives in the 

developrent of inprwed gernplasn for different regions are: 

1. M d i m  region: (a) winter scwiq:  resistance to &cc&yta 

b l imt ,  tolerance of w ld ,  suitabil i ty for machine harvesting, 

d m  to large seed size (40% of resarrces) ; (b) sprirg sming: 

resistance to Ascu-hyta blight and m i m  w i l t ,  tolerance of 

drought and heat, early mtur i ty ,  medim to large seed size (30% of 

resauoes) ; 

2. M a n  subxmtinmt and East Africa: Resistance to Ascochyta blight 

and/or msarim w i l t ,  heat tolerance, early maturity, d l  to 

d m  se€ai size, responsive to ~upplemental irrigation (15% of 

rescum=) ; 

3. Latin Awrica: Pesistanm to  Fusarium w i l t ,  large seed s ize  (5% of 

resauces); and 

4. High elevation areas: SprinJ minJ, w l d  tolerance a t  seedling 

Stage heat tolerance a t  mtur i ty ,  resistanoe to &cc&yta 

blight, early maturity, and medim seed size (10% of rerxlrces) . 

2.1.1. Use of gsqlasm by m t i d  pcgmus 

2.1.1.1. -ti& nxaeries art t c i a b  

Kuring 1989, mre than 15000 b&inJ lines were furnished to 42 

cramtries (Table 2.1.1. ) . Sixty-f ive percent of the material was 

provided to NAILSS in the WANA region, 7% to other developing countries 

and renminirq 28% to developed countries. Fifty-tm percent material 



Table 2.1.1. Nlrmber of entries furnished in the fonn of internatio~l 
yield trials and nurseries and breeding lines. 

Trials and nurseries 
No. of sets of No. of 

Breeding - 
lines entries 

trials/mnxm3es entries 

Algeria 41 1268 13 1281 
m u  2 46 46 
-1- 2 58 58 
ailgarid 2 122 122 
QMda - - 703 703 
Chile - - 200 200 
Ocsta Rica 1 23 4 27 
'a7Pn= 3 113 113 
4lTJ't 5 125 24 149 
Ethiopia 9 235 235 
Fedeml Republic - - 116 116 
of - 
France 11 493 493 
Greece 2 84 84 
India 6 288 288 
Iran 10 400 400 
I W  3 119 3 122 
I ~ Y  19 825 4 19 1244 
Jordan 12 435 435 
Klwait - - 4 4 
L&Bnm 7 302 302 
Libya 8 308 308 
M o m  21 715 715 
Mexico 11 277 59 336 
Nepal 1 29 29 
New ZBaland - - 40 40 
Qnan 2 46 46 

24 1204 14 1218 
F=tU3al 9 307 307 
Qatar 1 29 29 
Saudi Arabia 7 283 283 
Spain 25 763 28 791 
Sri Ianka 5 119 119 
Sukn 2 52 52 
Swaziland 2 52 52 
Syria 56 1581 1581 
Ihe Netherlands - - 8 8 
Tunisia 35 1168 1168 
n=.w 44 1653 7 1660 
U.K. - - 9 9 
U.S.A. 5 133 70 203 
U.S.S.R. 5 167 167 
Yemen P.D.R. 2 52 52 
Tbtal 400 13874 1721 15595 



furnished to developed cumtries was for the joint research projects 

with I-. !hese mtries were Qnada, Federal F.ep-blic of Germany, 

Italy, 'Ihe Netherlands, and U.S.S.R. W s  are good use of the 

material furnished to them. 

Drs.K.B. S-, R.S.lWh&Ka, M.C. Saxern. 

2.1.1.2. *farm w 
IXlring 1988/89, five newly bred lines, namely FLIP 83-47C, FL;TP 83-48C, 

FXP 83-~IC, m p  83-98c, atxi m p  84-IX, were waluated against the 

two standard checks, Ghab 1 ard Ghab 2, at 16 locations in 

mllabomtion with the D-rate of Scientific Aqric. Research, 

Syria. Fcur trials failed due to extremely low rainfall, belux 200 m. 

T W  lines, FLIP 84-1% and FLIP 83-47C yielding 1456 kg and 1459 kg 

ha-l, were maryinally superior to the best meek Ghab 1 (1422 kg ha-I). 

Bk the 1 0 0 d  weiqht of TUP 84-132 is 45 g against 28 g of Chab 1 

ard FLIP 83-47C has h i m  level of resistance to AsccxAyta bligfit ard 

mld than Ghab 1. In view of the poor perfommce of Ghab 2, it was 

decided to dmp it from the future tests as a check. 

'Ihe program has been involved in the on-fm trial activities with 

nnny NARSs in West Asia ard North Africa t h n q h  the supply of seed of 

the entries and advice to canduct trials. 

NAPS scientists atxi Dr. K.B. Singh. 

2.1.1.3. PEE-- dtipliotim of ai~ti- by natiaml pmgmrs 

Forty-two lines have been identified fran the international nurseries 

by scientists in U mtries for pre-relsase multiplication and/or on- 



farm test- (Table 2.1.2). 'Ihese lines meet the requ' of the 

national plograns for seed size, plant heist and days to maturity. 

Further, all new genotypes are tolerant to ald and Asaclyh blight. 

Table 2.1.2. Chickpea cultivars identified for pre-release 
nultiplication and on-fann testing. 

(--m+TY Cultivar 

Afghanistan FLIP 84-145C, FLIP 81-293C, F13P 81-57W 
Algeria FLIP 81-293C, FLIP 81-57W, III: 190 
'a?~ FLIP 85-10C. 
%%@ IIC 2022, FLIP 80-36'2. 
Jozdan IIC 482, IIC 3279. 
Iraq FLIP 81-26K, FLIP 82-142C, FTXP 82-169C, 

IIC 482, ILC 3279. 
Lebnotl FLIP 85-5, FUP 84-15C. 
Libya IIC 484, FLIP 84-92C. 
MoKcCn3 R;LP 82-150C, FLIP 83-47C, FLIP 84-92C, 

FLIP 84-144C. 
Syria FLIP 82-150C, FLIP 83-47C, FLIP 83-48C1 

FLIP 83-71C, FUP 83-98C, FLIP 84-l5C 
Tunisia FLIP 84-92C, FLIP 83-47C. 
W k e Y  FLIP 85-13C, FLIP 85-14C, FLIP 85-l5C, 

FLIP 85-60C, FLIP 83-31C, FLIP 83-77C. 
87AK 71112, 87 AK 71113, 87 AK 71114, 
87 AK 71115. 

2.1.1.4. Blease of ailti- by n a t i d  pmgmm 

-ers in 13 cumtries have selected 27 lines anb have released 

them as c u l t i ~ n  (Table 2.1.3) : 23 for winter sad- in the 

Mediterranean region, and 2 for winter wing in more sarthernly 

latiMes. Tim varieties were released for spr- wing. 'Ihere is a 

need to g-te more early maturing lines for spr- sawing in the 

Mediterranean region ami for winter s m b q  in  the -y lati-. 

NARS scientists and Dr. K.B. Sir@. 



Table 2.1.3. chickpa ol l t ivars  released by different rational prcgrans. 

Cmntry olltivar Year of 
released Mease 

Algeria I IC  482 1988 
IIC 3279 1988 

Cyprus Yialcusa (IIC 3279) 1984 
Kyrenia (ILC 464) 1987 

France TS1009 ( I=  492) 1988 
E l 5 0 2  (FLIP81-293C) 1988 

Italy Califfo ( I IC  72) 1987 
Sultan0 (ILC 3279) 1987 

Iebnon JKlta 2 ( I=  482) 1989 
Mo- ILC 195 1987 

I I C  482 1987 
Qnm I I C  237 1988 
Portugal Elmo (ILC 5566) 1989 

E l m  (FLIP 85-17C) 1989 
Spain Fardan (1- 72) 1985 

zegri  ( I W  200) 1985 
AlmeM ( I IC 2548) 1985 
Alcazaba ( I K  2555) 1985 
Atalaya (IIC 200) 1985 

Susan shendi (NEC 2491/ILC 1335) 1987 
Syria Ghab 1 (ILC 482) 1986 

Ghab 2 (ILC 3279) 1986 
'IUnisia Qletcui (ILC 3279) 1986 

Kassab (FLIP 83-46C) 1986 
Amdam 1 (BeSel-81-48) 1986 

Wkey ILC 195 1986 
Guney sarisi 482 (ILC 482) 1986 

specific features 

High yield, w i d e  adaptation 
Tall, high yield 
Tall, high yield 
rarse- 
Released by TDP s m m a  
messed by TDP smCE 
Tall, high yield 
Tall, high yield 
High yielding, w i d e  adaptation 
Tall, high yield 
High yield, wide adaptaticm 
High yield, irrigation responsive 
High yield 
High yield 
Tall, high yield 
Mid-tall, hi@ yield 
Tall, high yield 
Tall, high yield 
Mid-tall, high yield 
High yield, irrigation mqamsive 
High yield, w i d e  adaptation 
'RLu, mld-tolerant 
Tall, high yield 
Lwge a, high yield 
L a r g e  seed, m i u m  w i l t  resistant 
Tall, cold tolerant 
High yield, wide aaapatation 

A l l  chickp3s are resistant tn m y t a  bliqht ard released for winter sowing, 
w i t h  the exception of hdcun 1 is resistant to Rlsariurn w i l t  ard released 
for spring smirq, ard S h e d  ard ILC 237 s&icfi are interded for use unier 
irrigation. In 'Turkey, ILC 482 is released for spring scwirg. 

Screening of germplasm lines was initiated in 1978 for Asczhyta 

bliqht ( m v t a  e i ) ,  in 1979 for m l d ,  in 1981 for leaf miner 

(Liriomvza cicerina), in 1982 for seed beetle (Callascbruchus 

chinesis) , in 1986 for cyst nematode (Heterulera -i), and in 1987 

for m i u m  wilt ( m i m  o m r u m ) .  Lines evaluated between 1978 



and 1989 to different stresses have keen shawn in Table 2.1.4. 

Resistant sources have been identified for Ascochyta blight, Fusarium 

wilt, leaf miner, and cold. But no same of resistance was found for 

seed beetle and cyst nematode. Resistant sources have keen freely 

shared with FQPSs. 

Drs.K.B. Singh, S. Weigand, M.C. Sax-, R.S. MaXmtm, 0. Tahhan. 

Table 2.1.4. Smenbg of chickpea getnplasn aaxsions to biotic and 
abiotic stresses at Tel kkdya between 1978 and 1989. 

Scale Asoxhyb Fusarium Leaf Seed Cyst  Cold 
blight wilt m i n e r  beetle nematode 

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

2.1.2.2. w i l d  spxies 

Evaluation of eight annual wild species continued for the secord 

year to identify saxces of resistance to different stresses. Results 

of two years evaluation are sumnarized in Table 2.1.5. Hiqher 

susceptibility rat- fmm the two years evaluation has been taken as 

the actual rating. Saurces of resistance were faurl for all the five 

stress factors, Ascochyta blight, leaf miner, sed  beetle, cyst 
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mtcde, and cold. Wild species were the only - of resistance 
so far to seed beetle and cyst nematode a& they had hi- level of 

resistance than the cultivated species for m y t a  blight, leaf 

miner, and cold. W h m  no - of resistance was faud in 
cultivated species for seed btle, as many as 20 lines of five 

different species were free fmm any beetle attack. 'Ihese lines should 

be used (1) to study the mechanisn of resistance, (2) to study the food 

value as canpared to cultiMted species, and (3) to transfer genes for 

resistance fman the crossable species such as c. retidab to 

cultivated species. 'Ihe most important species for resistance to 

different stress factors was _C. biiucnrm while E. yamshitae was least 

important. There is a wed to evaluate the existing collections to 

other inportant stresses and to collect additional accessions for 

evaluation. 

Drs. K.B. S-, S. Weigand, M.C. Saxena, R.S. Malhatra, 0. Tahhan. 

2.1.2.3. Garb* n z s w  to mid and Ascocfiyta blight 

Winter chidpea must pcssess resistarrt/tolerance to both cold and 

Ascochyta blight. Land races faud resistant to one were susceptible 

to the other stress. We, therefore, initiated a gemplasm enhancanent 

program for mining higher level of resistance to both cold and 

Ascochyta blight. smeenhq is done in the field for cold between 

Octcber and F e b m  and for Asm&yta blight between Mat-& and June by 

inocvlating the cold tolerant plants with plant diseased debris backed 

UP by spray of spore suspension. 

cxlt of 8891 F2 plants, only 1238 plants or 13.9% were tolerant to 



cold. Whereas, pxumtage of blight resistant plants was higher 

(35.9%). Finally, 281 plants wre selected as resistant to both 

stresses. 

Dr. K.B. S W .  

2.1.2.4. Ic%&ificatim of lins res' ' to nultiple m e s  of _A. 

-ei. 

To identify soums of resistance to the six mces of Ascochvta &i 

reported f m  L&anon and Syria, 1,069 germplasm accessions and 

breeding lines were screened against the races in the greenhouse at Tel 

Hadya, Syria during 1985/1986. Preliminary s a e n h g  of the gen~@lam 

was done by imadating lO-day-old seedlings. Lines with little 

infection were re- in the seedling and podding stages. Of the 

total lines, 47, 27, 29, 8, and 13, and 4 wre resistant to races 1, 2, 

3, 4, 5, and 6, respectively. Althaiyh different lines appeared to 

carry g- for resistance to several races, mne was resistant to all. 

?hree lines (ILC-202, IU-3856, a d  ILC-5029) were resistant to five 

races and are being used in b q  programs at ICARIVL, ICXISAT, and 

national prograns of North Africa, western Asia, southem and eastern 

Europe and the Indian suhzmtinent. 

Drs. K.B. Si.rqh ard M.V. Reddy. 

2.1.2.5. nmluatim of gwxplasm for tolemine to hxbicide 

Herbicides are being adopted by many NSSs to control weeds, especially 

during winter w i n g  because of better &-benefit ratio than hard 

yeeding. It was, therefore, decided to develop a saeenhg technique 

to evaluate breeding lines routinely to enable the program to furnish 



only herbicide tolerant lines to NAIFj. A set of 1403 lines were sum 

on 30 September 1988 in single rrx~ plots of 2 m length with 45m 

btma -. A check line ILC 533, pmicusly observed as highly 

susceptible to herbicides, was sown after every 10 test entries. From 

1403 lines, more than 500 lines having a range of reactions fran free 

to killed were selectd and sown during w i n t e r  ard spring. -ions 

were evaluated on a 1-9 scale, where 1 = no damage, 9 = anplete kill. 

Results of autum saeenhq showed that 124 lines were free fman 

damage and 246 lines were highly talerant (Fig. 2.1.1) . all 

lines including resistant and suseptble were free of any herbicide 

damage during winter wing. Wing spring, cxlt of 124 accessions with 

rating 1 in autmm, only 23 lines were rated 1 (Fig. 2.1.1) . Lines 

No. of lines 
350 1 

Rating scale 

Figure 2.1.1. Frequency distribution of germplasm accessions 
tested for tolerance to herbicide during autumn 
and spring, 1988189. 



with rating 9 during autumn rated 9 during spring tao. Althaigh these 

results n e d  confirmation, it is abviars that herbicide application is 

safe during winter. 

Drs. Geletu Bejiga, K.B. Si rqh  and M.C. Saxem. 

2.1.2.6. ~ffect of seasvlr an v i m  of inn deficiency donxis  

A total of 6330 gemplasm aa2esiars were grown at Tel Hadya during 

winter of 1987/88 ard were evaluated for iron deficiency chlorosis 

using a 1-9 scale. Majority of the lines were fomd resistant to iron 

deficien=y chlorcsis, tut 18 lines stared susceptibility (8 to 9 

ratings). These  highly susceptible lines were grown at Te1 Hadya 

during autump7, winter, and spring of 1988/1989 for C~nfiLTdtiOn of 

their susceptibility to iron deficiency chlororsis. Results showed 

that there were siqificant differences between -ns. Mean ratings 

of 18 lines were 5.7, 7.0 and 5.1 during autumn, winter and spring 

saving, respectively. The syn(.ltcm of iron deficiency chlorosis was 

imre p r m a r c d  in winter than the other two seas0t-s. ?he highly 

susceptible lines (I= 2405, IK 5725 and I= 5736) were mnplebly 

yellw ard stunted ard failed to any seed. These can be used 

as M c a t o r s  of iron deficiency and for ~ysiolcgical studies. 

Drs. Geletu Bejiga and K.B. S*. 

2.1.3. @ J gantypeS far to a@.- irrigation 

IXlrhg 1985/86, 1986/87 and 1987/88, the same set of 50 genotypes and 

durhq 1988/89 a ruw set of 72 genotypes were evaluated for w n s e  to 

applemental irrigation. Ihe rainfall during 1985/86, 1986/87, 1987/88 

1988/89 wzre 316, 358, 504, 496, and 2341m1, respectively. 



Irrigation was scheduled based on daily water balance amptations of 

rainfall and pan evaporation and validated by soil moisture 

-ts with the neutron probe. yields of genotypes tested 

with and withcut supplemental irrigation are Shawn in Figure 2.1.2. 

supplemental irrigation gave an average of 80% or 1.34 t ha-l more 

yield tban no irrigation. F&qome to irrigation showed high genetic 

variability. Sane genotypes, such as IL 142, ILC 295, FLIP 82-15oc 

gave highest mspome and other lines, sucb as ILC 652, ILC 1099, ILC 

Seed yield (t/ha) 

85/86 88/87 87/88 88/89 
Year 

Figure 2.1.2. Mean yield of 50 chickpea genotypes 
during the first three years and 72 
genotypes during the fourth year as 
affected by supplemental irrigations. 



955, respoded least. Althcqh tntal bianass was trJo times more with 

supplemental irrigation (SI) wer rainfed (R) , the hatvest index was 

lower (38%) with SI than with R (46%). Average plant height with SI 

was higher (58an) than with R (47m). But the l O O d  weight was 

lower with SI (34g) than with R (37g). N l  irrigation produced 

sliatly 1- yield than the supplemental irrigation suggesting that 

the presently available dtivars do not respM to full irrigation. 

DJS. K.B. S-, E. Fwrier, and M.C. Saxem. 

2.1.4. Dwelcpmt of inprwed gmqlasn for wkat-based fambq 

systaff. 

2.1.4.1. EuW- metfnd for hwz&xq odLd and A s a & y b  blight 

resistant cfiickpas 

U-peaigree methcd for chickpa has been developed and is being 

practiced at ICUU!A for last ten years to breed cold and Asccchyta 

blight resistance lines. This methcd makes use of facilities for the 

offseason advancanent at Terbol (980 m elevation). In brief, it is 

shown in Figure 2.1.3. and described belm. 

Ma!dm cross. Resistant scums to cold and Ascochyta blight 

identified at 1- and confirmed in other mtries thraigh 

international nurseries are used in the crossing program. Each year 

200 crosses, including 100 twbway and 100 three-way, are made during 

the min season at Tel lhdya. 

El aeneration. Each of the 200 crosses are gram flanked by their 

parents on either side under continuw light in the off-season (late 

June to early October) at -1, Lebanon. 'Ibis pattern of planting 

helps in eliminating selfed plants. Continuous light helps in early 



MS Main season 
OS Off-season 

- 
Grown 

with light 

Iron chlorosis 

Ascochyta 

Cold 

Figure 2.1.3. Bulk-pedigree method of breeding cold and Ascochyta 
blight resistant chickpeas. 



flcwerirq and tinrely maturity of all crosses. In order to be certain 

that F1 plants are Qmsed, seed fmn single plants are harvested 

individually to be scrwn in plant-= in F2 generation. 

F2 pxulations. Abcut 2000 seeds are scwn for each cn6.s in early 

Nmenhr at Tel Hadya and evaluated for mld between N o v h  and 

February and for Asm&yta blight betwen March ard June. Generally, 

lkl Hadya eqxxienzs 30 to 40 days of freezing tapmture with 1-t 

m t u r e  rangw between -6% and -10%. Plants that are 

susceptible to oold are uprtwtd ard only tolerant plants remain in the 

nursery by the beginning of March. w i n g  upon the time and 

duration of cold, the percent of susceptible plants have varied fmn 0% 

to 55%. In early March, the nursery is kcalated with m y t a  

blight diseased debris backed up by the spray of -re suspension. 

Mist irrigation is used to raise the relative hmidity to rmre than 

60%. Di- develaprwt has generally keen god and reaches epidemic 

form by middle of April. Qap matures by the beginning of June. 

Resistant plants are selected in each cress ancl h a m a  in bulk. In 

this and suteqent generatiom, plants sha*ing iron deficiency 

chlorsis or infestion by ozobanche q. are d i d e d .  

E j  ameration. Vpto tvo plants fmn each cxss is gmwn in 

the off-season at Pxbl. ?he Fhotoperid sensitive plants do not 

mture and are thus autfmntically rejected. Frun the remaining, single 

plant selection is practioed for maturity, .seed size, and plant height. 

Sesd fmn selected plants are harvested individually. 

E4 u~~eration. Ten thGlsand F4 progenies are gmwn in a single rciu of 

4 m long with plant spaced 45 an and lo an apart between and within 

mvs, respectively in the mld and k a c h y t a  biqht nursery. 



Evaluation for cold tolerance is done between N o v b  and Februay and 

for m y t a  blight between March and June. susceptible pmpnies are 

rejected. 'Ilu-ee plants are selected fmm the pranising progenies and a 

total of 5000 plants are harvested irdividually. 

& -. F5 progenies are qwm in the cold and ?wcdqb 

blight nursery at Tel Hadya. prosenies ftxllri susceptible to cold, 

Asadyta blight, iron deficiency &-is, and Orobanche sp. are 

discarded, and prunising and uniform prcgenies are hillced. While 

bulking, consideration is given to bulk prqenies with a range of 

mturity, plant height, ard seed size to meet all the needs of the 

NARSs. Generally, 500 Fg progenies rn bulked and M a .  

r6 amemtion. Generally, large m a t i o m  of 250 seeds per FG 

progenies are sam in a 4 r a ~ s  x 10m long plot with plants spaced 15 an 

arrl 45 an within and between -, respectively. Lines found 

Fhotaperio-3 sensitive are discarded. Scad, any off-type plants are 

cut and lines are prified. Arrywhere between 220 and 264 lines 

arebulk--. 

E7 ueneration. Each of these 220 to 264 lines are evaluated for yield 

at Uu-ee locatim, viz. -1 Hadya and Jiniiress in Syria and -1 in 

Iebanon during winter and spring. lines are further evaluated 

for their reaction to cold, Ascochyta blight, leaf miner and cyst 

nwatrde. Lines fand susceptible to cold and m y t a  blight and 

hiwy susceptible to leaf miner and cyst nematcde are discanled. 

Each line is also evaluated for protein content and lines with protein 

content less than the check are di-. Rased on yield, resistance 

to the biotic and abiotic stresses and protein content, between 100 to 

125 lines are selected and furnished to NAFlSs in the form of Chickpa 



Intenntional S u e d q  Nurseries (CISN) . 

NARSs have made effective use of the bree~hq lines furnished to 

them. ICARW further assists NPJLSs by sel fxthg pmnising lines frcan 

CISNs an3 pmviding them in the form of yield trials. Success of the 

bredhg procedure can be j m  by releases of a large nurber of 

olltivars in szveral camtries in the last six years. lbaqh there is 

scape to inp,rwe this wthod, the modified bulk peaiq-32 method for 

bredhg cold and Asachyta blight resistant chi- has been found 

satisfactory. 

Dr. K.B. Singh. 

2.1.4.2. Rllk-rpee method f a  d13dw of aid 

blight resistant lines 

A f t e r  a n w h r  of years of res-axh, a bulk-pedigree method of brseding 

for dmuqht and Asnxhyta blight resistant chickpeas has been developd 

(Table 2.1.6) . In this method effective use of off season rnusery for 

advancing three generations (F1, F4, F6) a r d  use of greenhCUSe for 

grnwing F2 generation are made. l%us in far years, dm@t and 

Asccchyta blight resistant, high yiel- chickpas are bred and 

furnished to NAFS for evaluation wa3e.r their coniitions. 

Drs. K.B. S i q h  & Geletu Bejiga. 

2.1.4.3. Straw for breeding f ~ n  -1- 

Ten trials caprising 24 entries each were g-rwm in two replicatims a t  

Tel Ihiya, Jindiress and -1 during 1988/89. Tel Hadya was affected 

by druqht (234 nun rainfall) while the reminiq t m  locations had 



belm n o d  rainfall (350 mn rainfall) kut still sufficient to graw a 

normal chickpa crop. Okemations were collected on days to fla+er, 

Table2.1.6. Generation advance and bulk-pdigree methcd in m t  
and Ascocfyta blight resistance breeding. 

- -- 

Year Season Generation Breeding cperations 

1 MSS Fo QPsses made 
06 F1 Self Fls to produce F2 seeds 
QI F2 Harvest F3 seeds in bulk seeds when 2/3 plants 

have matured. 
2 Em' F3 Select blight resistant plants and bulk 

h ~ e s t  F4 seeds. 
06 F4 Select single early maturity plants and 

harvest Fg Seeds individually. 
W F5 Select plant tolerant to d?mqht with a range 

of seed size and high yield, bulk p d i n g  
and uniform lines. 

QS F6 Large papllatim of each b ~ l k d  lines gmwn 
and if lines faud uniform and early maturity 
then hanrest seed in bulk. 

~ s S  F7 M u a t e  new lines during spring at 
multilocations. C;row single r w  in blight 
nursery to check reaction of new lines. 
Choose high yielding, d?mqht tolerant and 
blight resistant lines and furnish them to 
national prograns for selection unler local 
conditions and possible release as cultivars. 

MSS = main season spring; I S W  = main season winter, 0s = off-; 
GH =greenhouse. 

plant height, days to maturity, biological and seed yields, and 100- 

seed weight. Seed yield and biological yield w e n  fran a plot 

size of 3.6 m2. Analysis of variance was perfow for each variable 

separately. Correlation analysis was run to determine the associations 

between seed yield and other characters. Selection mcdels were set for 

n o d  environwlts (Jirdiress, Telbl) and drulght envilmmmt (la 



liadya). lhe equations set for n o d  mvironmmts were tested for 

their suitability to predict the top high yielding lines for dxugbt 

m h x m m t ,  wfiile the one develqd for Tel Fadya was used to predict 

the tcp high yie1di.q lines for the n o d  envinmrmts. 

Ihe m t s  revealed that 10- might, days to £1-, plant 

height and days to mturity had highly significant (P < 0.1) 

asscciations with seed yield except at Jindiress. ?he equations for 

selection irdex indicated 67% variation in yield to be axrribed by days 

to flcx~er (earliness), 73% by days to fl- ard days to maturity, an3 

75% by days to flmar, days to maturity and 100-seed weight at Tel 

li%dya. H-er, the variations in yield accaunted for by days to 

fl- were 16% and 35% at Jirdiress and Teriml, --tively (Table 

2.1.7), indicating that sans other characters had higher influence on 

seed yield under nonml conditions. 

Zhe prcbability of success of the selection indies f m  drought 

mhmment to normal and v i ~  versa (transferability of mels) was 

maswed as proportion of genotypes recar- by transferred nude1 from 

tap 10% based on the given mcdel. It was clear that selections made 

under n o d  environments are mre adaptable to druqht enviro-t 

than the adaptability of selecticarj made under dxugbt envirmmwt to 

n o d  envimnmnts (Table 2.1.8) . Zherefore, by selecting hi$ 

yielding lines un3.er favorable enviroment high yielding ard adaptable 

lines to dnuqht corditions can be developed. 

Drs. K.B. Sirqh, Geletu Eejiqa, M.C. Saxem, M. Sirqh. 



Table 2.1.7. Selection indies (prediction models) for sea3 yields at 
the three envhnnrmts (Y = seed yields). 

- 

locaticn Model 

Table2.1.8. olances of smxesa (-of- lO%genotypes for 
seed yield in mt envuarnnent rewvemd urder tcp 
10% of gemQpes when selections based on normal 
envhmnmts wen= used to select the material m&x 
draqht conditions). 

Selection nadels of 
normal envirornnents 
transferredtolkl mdya 

Selection llpdels of drmqht 
envircwoerrt transferred fmn 
W I l a c h l a  

Frcm M d d s  Variables % l'b Models Variables % 

J' " JN1 DF 45.8 Jindiress nil DF 8.3 
JN2 DFtH 50.0 'III2 DF,IM 8.3 

l k r b ~ l  TB1 DF 45.8 'lktbl nil DF 29.2 
'I'm DF,SW 20.8 'In2 DF,IM 25.0 

TH3 DF,R.f,SW 29.2 



2.1.4.4. -ti- - hundrd superior and uniform F5 and F6 pngenies were bulked. 

Drs. K.B.  sin#^, G e l d  Bejiga. 

2.1.4.5. Yield perf- of narly hred lines 

'Ihree h m  and fifty-twb newly bred lines - evaluated for yield 

at three locations (-1 Hadya, J- and TWkol) and in two -IIS 

(winter and spring). AlMrrJFPl several lines were superior in yield 

wer check, only a few were significantly better (Table 2.1.9) . ?he 

1988/89 season was the driest in recent years, yet lines scxm 

during winter yielded mm than 2 t ha-l at Jindiress and 'IWbl and 

over 1 t ha-l at -1 Hadya. l?~m yields were lcw during spring 

s4wirq, especially at Tel Hadya, several lines exceeded the sbndanl  

cfieck and 33 at significant level. Because of severe drought, 

coefficient of variation was hi- than in the previous sasnns.  

Drs. K.B. S m ,  Geletu Bejiga. 

2.1.4.6. Winter sa&g 

A canparison of spring versus winter sowing has mac3e wer six 

years (1983/84 to 1988/89) at three sites (Tel Hadya, Jirdiress and 

!tkr%ol), using m n  breeding lines (ranging bebeen 72 and 384 lines) 

in all trials in each m. The winter of 1984/85 kas one of the 

mldest in the last 50 years, and the spring of 1983/84 and 1988/89, 

especially at Tel Hadya, was the driest. 

'Ihe seed yield data in Figure 2.1.4. shmed that winter- 

trials on average produced 1634 kg ha-1 a g a b  1009 kg of spring- 



Figure 2 . 1 . 4 .  Mean seed y ie ld  (kg ha-l) of chickpea, grown i n  two 
seasons (winter and spring) a t  three locations (Tel 
Hadya, Jindiress and Terbo'l) and s i x  years. 
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trials, giving 62% or 625 kg ha-l mre yield. T h e  yield differences 

between winter and spring were  lazger during dry season than the no& 

-. Wing abnomlly mld year (1984/85), yields of winter-spm 

trials were  l m e r  than spring-scam trials. But t h i s  trend was rarersed 

during the 1988/89 season which was also a very cold year. The la t te r  

ocxmrrd because of deliberate selection for better cold tolerance 

since 1984/85. 

Dr. K.B. S-. 

2.1.4.7. Emel- of lazTpseeded, tall, early m&uity and spring 

type- 

National prograns need large-se&ed chi- to satisfy - 
preference, tall type for machine harvesting and early type for spring 

w i n g  and lcw rainfall areas. A nunker of lines m t i n g  these 

specific needs have been bred and a few of them are shown in  Table 

2.1.10. ?here are same lines, for example F'LIP 86-81C, which conbh 

tall stature, l~~ and high yield. Sane of the new lines have 

the same yield potential as the local spring type, but have earlier 

mtur i ty  and resistance t o  Asrxchyta blight. Such lines are 

t o  adapt mrx widely than the local land race. 

M. K.B. Singh and Geletu Bejiga. 

2.1.5. Geretic Shiy 

2.1.5.1. Asscciatim of sane w i t h  see3 yield 

A total of 6170 accessions of kabuli chickpa were evaluated for nine 

meters and biolcgical and seed yields a t  Tel Hadya during the 

1987/88 winter season. Accessions were grouped into seven regions, 



Table 2.1.10. perfomarm of sare pruaisirq lines of chi- at 3 locations 
durbg 1988/89. 

Line 100-seel 
Tel Haaya Jh3hes !r&ml Meall  wight ( g )  

Cays H e i g h t  
to fl- (an) 

FLIP 87-5C 986 
FLIP 87-7C 1003 
FLIP 87-8C 679 
ILC 482 ( C b e C k )  965 
Rial mean 623 
C.V. % 38.6 
S.E. 170 

FLIP 86-81C 568 
FLIP 86-98C 749 
FLIP 86-103C 555 
FLIP 86- l l lC 676 
ILC 3279 (M) 360 
Rial mean 528 
C.V. % 17.6 
S.E. 65 .5  

Earlv maturity 

FKCP 87-56C 624 
FLIP 87-59C 724 
FLIP 87-74C 876 
ILC 482 (m) 833 
Trial mean 656 
C.V. 26.1 
S.E. 1 2 1  

Sorim 

588207 310 
588210 408 
S88233 362 
ILC 1929 (check) 160 
Trial mean 253 
C.V. 26 .1  
S.E. 46.6 



namely Scuth CentrdL Asia (-, Iran, USSR), Sarth Asia ( M i a ,  

Pakistan, Nepal), M e d i m  (Jordan, Syria, Palestine, Iebanon, 

Iraq, Cyprus, ltrkey, Algeria, M o m ,  Tunisia, EWbqal, Spain, 

Fmrxxs, Italy, Greece, Egypt), Americas (Mexico, Culunbia, Ecuador, 

Fern, Chile, USA), East: Africa (Ethiopia, Sudan, Malawi), ICARDA 

(bmedbq lines developed thrcqh hybridizaticm) and other camtries 

(Eiulgaira, Yugcslavia, Czchcslavakia, m a ) .  Correlation and path 

coefficient analyses were carried out s t e l y  for each region to 

aeteZmine relationship5 between yield ard its ozpmmts and to 

iQntify major direct contributors. 

oDrrelation analysis shewed that biological yield, harvest index, 

the rnnober of &/m2, and l ooseed  weight were strongly associated 

w i t h  seed yield (Table 2.1.11) . The biolcgical yield had the strongest 

associaticm w i t h  seed yield, except in the m i c a s  where W e s t  index 

and the m m h r  of h / n ?  had close assccations with seed yield. Days 

to maturity had highly significant and negative relaticmship w i t h  seed 

yield in accessions fma the Awricas. 'Ihe correlation value between 

plant height and seed yield was only high in accessians fmn South 

Asia. 

The  path ccefficient analysis revealed that biological yield and 

harvest index were the major direct amtritutors to seed yield (Table 

2.1.12). Cmtributions fma other dmmzb?~ ware mainly thmqh 

biological yield and harvest index. 'Ihe indirect contributions of 

plant height an3 canopy width thm@~ biological yield were high in 

aaessiom imn sanh Asia (0.670 and 0.625) and other cumtr ies  (0.603 
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0.672). TIE nuntxx of h i m 2  mainly contributed via har~est 

index and to same extent tlurugh biological yield. 'Ihe nmber of 

h / n ?  - very important character in accessions fmm East Africa, 
Americas, and ICARDXf s bre&iq lines. 'Ihe lOO-seed weight was one of 

the major indirect contributo~s thruqh total biological yield and 

harvest irdex. 

. m y s e s  of the total germplasm accessions suggest that biolcgicdl 

yiqrld, harvest index, nw$er of seeds/&, and c a m  width should be 

cohsidersd as selection criteria in the breeding pnqram, although the 

latter two characters mainly contributed via total biological yield and 

harvest inJex. 

Drs. Geletu Bejiga, K.B. Sirqh.  

2.1.5.2. stability analysis for  sol^ dxxadms 

Oli&pa ~~ were conducted at three locations, (Tel Hadya and 

Jindiress in Syria and Terbo1 in Lebanon) over t w ~  seasons (winter and 

spring) for three years (1983/84, 1985/86, 1986/87). Analyses of 

variance were done to s h l y  the genotype-envinxanent interactions and 

analysis of stability was done to determine the p x - f o ~  of lines in 

~ i n g  --- 
Results s h d  significant differences between mean of the 

seasons, locations and lines for days to flower, plant height, 

biological yield, sea3 yield, and 10O-ssd weiqht. Genotype x season 

interactions at each looation were highly significant for all 

chamcters in all years, suggestbg that mst genotypes m e d  



differently to each seafq.  lhe pooled deviations wexe highly 

significant for all the characters for biolwical yield in one 

of the three years confirming that the perfonmnce of these lines can 

not be predicted due to their differential to different 

envimnmmts. Based on the mean seed yield, regression ccefficient and 

deviation frun regression, the top high yielding lines, IIC 482, FZlP 

82-234C, FLD 82-225C, S87220, S87215, I U P  85-8C, and FLIP 84-73C, can 

be mzammkd for good environments. Lines d c h  appeared to have 

relatively better adaptability to varying e n v i r o m  were lndesirable 

except for poor growing -itions since they do not responl to gocd 

environments. In mnclusion, this study shaws that ailtivars have to 

be bred sepamtely for winter and spring s4wh-q and also far favmable 

and unfavorable envimmmts. Stability of seed yield was fand to be 

of the stability of other cham*. 

Drs. K.B. S i r q h  and Geletu Bejiga. 

2.1.5.3. I n k r i m  of cold tol- in 

An understanding of the inheri- of cold tolerance is important to 

breed for cold tolerant cultivars. 'Iherefore, an 8 x 8 diallel ~ . o s s  

involving all parents and their 28 Fls was studied at Tel Hadya, Syria 

f- 1986 to 1988. Data Were recorded On cold tole ran^ when the 

susoeptibl-indicator check was killed. Results of m i n i n g  

ability, (Vr, Wr) graphical, and cxxqmnents of variance analyses 

revealed that cold tolerance was g w v e  by bath additive and non- 

additive gene effects with the preponderance of additive gene effeds. 

lhe cold tolerance in this material was daninant over sumibility 

and was controlled by at least five sets of genes. The heritability in 



the narrwr sense for cold tolerance kms high (87.9%). RLis 

M a t e d  that sel&ion for cold tolerance in early generations should 

be effective. 

Drs. R.S. M d h & t a  and K.B. S-. 

2.1.5.4. Genetics of mistanz to bl* 

Inheribnce of resistace to xace 3 of ?soxhyta blight (AsaxhvQ 

(Pass.) I&.) was studied in far resistant lines at Tel  Hadya 

Syria frcm 1983 to 1986. parents, F~ and F2 mations r*rere 

evaluated for Asx&yta  blight resistance under artificial epiphytotic 

&tias in the greenhnlse during the 1983/84 season. 'Ihe F3 

pmpnies fmm sele-td F2 resistant plants for each of the f a  

capsses involving resistant and susceptible lines were evaluated for 

segregation of blight resistanoe an3 susceptibility in the 

during the season. Results suggested that a single daninant gene 

conditioned resistance to race 3 in the fcur parents, ILC 72, ILC 202, 

I E  2956, and I= 3279. Allelic tests irdicated that the resistance 

gene present in these f a x  resistant lines was the sam. When these 

resistant parents were evaluated against six races of _A. &i, each 

was resistant to races 1 and 3 an3 to at least tw~ other races, but no 

tvo lines &awed the same resistance pattern. --re, the disease 

reaction of these resistant lines differed when tested in 13 countries. 

The variation in reaction of four resistant lines to six  races ard in 

different oxntries appears to be due to the p- of other 

resistant genes in addition to a ccmmn gene. 

Drs. K.B. S m  and Geletu Bejiga. 



2.1.5.5. Gentype x 3 ' t i c n  f o r ~ c c n t g l t  

Five trials mnprising 116 breeding lines were gmwn a t  three locations 

(Tel Iiadya, Jindiress, and -1) and two seasans (winter and spring). 

The f i r s t  f a n  trials consisted of 24 entries each, while the f if th 

trial consisted of only 20 entries. 'Ihese trials were sawn in two 

replicatims a t  each location using a fcur-row plot of 4m x 1.8m. 

Fwcmt protein content was d e t e m h d  by Near-infrared reflectance 

(NIFt) spectmsccpy. mta w e m  then subjected to factorial analysis 

separately for each trial. M t s  that there were  significant 

differences (P = 0.001) amtq the lines in a l l  the trials. 'Ihe f i r s t  

order (location x genotype and seascol x genotype) and second order 

(lacation x season x gemtype) interactions were only significant in 

trial 3 (P = 0.05) and t r i a l  4 (P = 0.01) . There was m significant 

interaction in trial 1 whi&  consisted of only large-see&d lines, 

whereas trial 2 which consisted of a l l  t a l l  lines revealed significant 

season x genotype htemctions. Early maturity lines (Trial 5) had 

only significant interactions of location x season x genatype. lhese 

results indicated that there are lines which do not interact with 

envhmmmts for protein cxmtent and thus stable lines can be 

identified for this  chamcter thragh mul t i - locat id  tests. 

Drs. K.B. Sjngh & Geletu Bejiga.  

2.1.5.6. lQbth mes 

Genetic variability for such important traits as cytoplasmicgenetic 

male sterility, detemhate g& habit, -iod hsersitivity, 

tall ard ered plant type, long pod with 3 to 4 seeds, multiple pods 

per peduncle is rather limited in chidqea. A project w a s  initiated 



duritq 1987 to bxease variability for these traits using dtivars 

ILC 482, ILC 3279 and ILC 6104, seeds of which were expcsd to 40, 50 

and 60 KR of garmra irradiation or treated with 0.1% and 0.2% solution 

of ethylementhane sulphate (m) for two hcurs after one haur 

pmsxkhq in water. 'Ihe MI generation was gmwn in the off-season 

nursery, at Terbl be- June aml October ard M2 generation was gmwn 

at Tel Hadya fran Dszaker 1987 to June 1988. A wide range of viable, 

mrphological nutants affecting amt plant parts, such as leaf, flower, 

plant height, plant type, pod, maturity, and seed, were selected fmn 

M2 generation. All the selected nutants were g-ram in M3 generation at 

!Gel Hactya during winter 1988/89 to confirm their mrtant nature. 

of d c  importame in IIC 482 included one with 50% large 

seed size, amther mhant with nultiseeded pds, ard a third with 15 

days early flawering. In tall parent 3279, a mutant with 20% mre 

plant height was identified. 

Mr. M.A. wand Dr. K.B. Sir@. 

2.1.6. Eval~tim of m l a s m  

S i x  thcmaml two hut%b& twenty- gernp1a.m accmssions, wfiich were 

evaluated during the winter season, were classified into eight 

categories for six major characters, m y  biological yield, seed 

yield, harvest index, mker of d / n ? ,  p x e n t  protein content and 

 camp^ width. Their respective frequencies were estinnted us* the 

mean ( x )  and stanlard deviation (s) of the entire evaluation data 

(Table 2.1.13). ?he class limits of the eight categories we.re 

determined as f o l l ~ :  Class 1: > x + 3s: Class 2: x +2s to x + 3s; 

class 3: x +Is to X + 2s: Class 4: x to x +Is; Class 5: x-1s to x; 



Class 6: x -2s to x -Is; Class 7: x -3s to x - 2s; Class 8: < X - 3s. 

Class 1 is the most desirable, while class 8 is the least 

desirable. lhere - 18, 9, 11, 26, 15 ard 2 accessiars inthe class 

1 for biolcgical yield, seed yield, harvest index, nu&er of seeds/&, 

protein content and cmqy width, m v e l y .  Majority of the 

accessions were in class 4 and 5 (Figure 2.1.5a-f) . Ccnparatively few 

lines were undesirable. lhis type of classification has helpea in 

selecting himy desirable lines for bredhg program. 

Drs. Geletu Bejiga and K.B. shqh. 

Table 2.1.13. N a n  of biological yield, seed yield, harvest indw, 
nunber of &/n?, and prcmt of protein in the seed 
for 6221 accessions evaluated during winter season of 
1987/88 at Tel. Hadya, Syria. 

a~aracter (XI staxlad deviation (6)  

Biolcgical yield (g) 517 
Seed yield (g) 245 
Harvest incEex (%) 48 
~ o f s w i s / m z  999 
Protein Content (%) 22.6 

2.1.7. Wild - species 
2.1.7.1. EvalUathl of 

Cne hundred and thirty-seven accessions of eight annual wild 

species, including G. biiucnrm, E. dwmssniw, c. cuneatum, c. 
-, C. iudaiann, E. pinnatifidun, C. reticula-, am3 E. 

-e, were sown on 2 Dec  1988 along with a line of cultivated 

species as check. The check was sown frequently after every 10 test 



No. accessions 
3000 l (a) 

I Seed yield 

(b) 
Biological yield 

No. accessions 

"0° 1 (c) 
Harvest index No. of seeds/m 

V 
1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8  

No. accessions 
3000 1 

" 
1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8  

Class 

Figure 2.1.5. Frequency distribution for (a) seed yield, 
(b) biological yield, (c) harvest index, 
(d) number of seeds/rn2, (e) protein content; 
and ( f )  canopy width. 



entries. The plot size was one row, 2 m long. Spacings between and 

within row were 0.45m and O.lm, mspectively. The experimental plot 

was irrigated twice during April and May 1989, each tkne with 50 nun 

wa- to avoid drmght stress. Ihe ~ n p  was protected fmm m y t a  

blight by spraying Bravo 500 fungicide five t h ~ ~  betmen February and 

April. Okervation6 were recorded on five plants randamly chosen in 

the field. Data on seed yield, 100-seed might, protein content and 

leaf area were lecorded. 

M t s  of evaluation for 32 dnraders are presented in Tables 

2.1.14. and 2.1.15. Wild species were maqinally superior to 

cultivated species for a few characters. For exanple, early maturity 

(127 days in E. judaiarm IIWC 37/S-2 in canparison with 185 days of the 

check IIC 482); s d s  per pod (E. bear bearseveral seeds and 

2.5 seeds p e r p t w a s  the average recorded inc. iudaicumILWc 19-2); 

pxk per plant (223 in _C. biiucnna ILWC 32-2 and 182 in Ilc 482); and 

prutein Content (23.6% in _C. judaiarm IIWC 33/S-6 and 20.4% in the 

check ILC 482). Cn the amtmry, their main limitation is small seed 

size and p r  seed appearance, d c h  will limite their use as donos of 

genes for desirable traits. 

Dr. K.B. Sir@ and Mr. Bruno Ocampo. 

'fic t q k u h z a  . . 
2.1.7.2. Interspecl ticn 

ming 1987/88, a 9 x 9 diallel ~ p s s  amprising eight annual wild 

species and one cultivate3 species was,made. Sevaty-two cxsses 

inc1ud.b-q reciprocals were attarpted. lbe crossing block was gfcm 

durirq the 1987-88 season both in the field and in plastic house, but 



Table 2.1.14. Hean ark stardad error f o r  gene t i c  v a r i a b i l i t y  of di f ferent  
m ~ a q r c x m i c  in wild Leer species. 

Charader - C. glrietirnrm E. C. cho~as~animm C. ameatum 

m p  to 42 f 0.00 
D B p  to fl-urg 103 f 0.00 
LBp to m t u r i t y  185 f 0.00 
Petal s i z e  9.5 f 0.00 
Spl s i z e  5.5 f 0.00 
Plant height  40 f 1.31 
QnoW width 38 f 1.05 
~ e a f  size d 7.9 _+ 0.00 
u a f  l e t s / l e a f  1 2 2  - 
P r i w r y  b?ancks 3 f 0.08 
Secc?%q branches 12 f 0.46 
Tertiary braKfres 5 f 0.23 
r n / P l k  140 f 6.93 
-/m 1.0 f 0.01 
Biological y i e l d  1559 f 783.50 
Seed y i e l d  920 f 471.4 
Harvgtirdex 59 f 0.66 
1 0 0 s e e d w e i g h t  29.2f  0.30 
Protein$ 16.4 f 0.00 

C. j d a i a n n  E. p i n n a t i f l 6 m  
. . 

E. - - - C. r e t i d a t u m  _C. ymmd-u ' tae 



Table 2.1.15. mqt-mlogical variatim in wild GiGsr species. 

Flower color 
Maturity uniformity 
Gmwth habit 
stem color 

Uf shape 

-f ease 
Stiplle shap 
v 
pod dehiwrence -- 
seed color 

Seed surfaoe 

wte 
+ 

-nisp* 
Green 

mte 
Ovate tria . 

+ - 
Rwn3 
B e i g e  

Lilac - 
spread 

plrple 

centate 
Triangular 
+ 
+ 

&long 
Pale 

very fine 
edlinate 
spines 

Creamy - 
Prcstmte 
-Y 
plrple + 
CanEke 
flagellate 
centate 
Minute 

+ 
+ 

Ovoid 
Lark bmJn 

Bnlised 

Lilac - 
C l ~ ~  
Green 

V e q  fine 
edlilmte 
spines 

Pink Lilac Furp1id-1 Pink Pink Violet - - - - - 
sp- =te Smi-spread spread 
M y p l r p l e  MY  ree en m l y  m e  Gm3-1 

pupla + + + + + 
&long Cuneate @.meate *long Eliptic 
kri'ate Incised Deeplyincised Dentate Incised 
knbte Ovate Flagellate Flagellate hianqualr 

+ + + + + 
+ + + + + 

&long hiangular HBarty bilabate- Oblong Hearty bilabate 
Dark b m  Ermm Dark bram Bmwn G W  

T W ~  
W t i s h  F-Y Creamy 

retids 
Qeamy 

e&iEate velned r e t i d e  
"m"y vex6 

spines 



the sumess in crossing in the plastic-hpuse was negligible. A large 

number of fl- m p l l i n a t d  in each crc6s canbination (Table 

2.1.16) . 'Ihe Pls were grawn in the f ie ld  in the 1988/89 season and 

attarpts were unde to determine the true crc6ses. 

Out of 72 crcss-ambinaticw, eight cmsses were successful and these 

. . 
were E. x l e t l m r m  (IIC 482) x . - (ILK 36) , _C. reticulatun 

(IIWC 36) x _C. arietinum (IIC 482), E. arietinun (IK 482) x _C. 

( I N  35), C. (ILWC 35) x C. arietinum 

(ILC 482), C. ecfiinosFermrm (ILX 35) x C. r e t i d a t u m  (ILWC 36), C. 

(ILK 36) x _C. e&immmm ( I N  35), C. bijugum (ILK 

34) x _C. (ILK 20) ani C. p h t i f i d u m  (ILK 29) x _C. iudaicum 

(ILK 20) (Table 2.1.17) . All these cmss&inatiom were reported 

earlier. But we suoceeded in having Flls setting a large amxlnt of 

seeds i n  the crosses involving _C. which were earlier 

mported t o  be sterile. 

Atmn3 the n f u l  crct;ses, the lrmt interesting were those 

with _C. -. Despite the semisterility of the p l l e n ,  Flls 

involving C. edrinanmrmrm pmkced very large anuunt of seeds ard were 

more v i g o w  than their parent species, c. arietinum, _C. echinoswrmum 

ard E. r e t i da tum.  It w i l l  ke irrterestiq to fo l la r  these crosses an3 

examine whether they can thrnw high y i e l d i q  segregarrts. 

In two cross-a&inations, _C. biiuaum x _C. iudaiaun and _C. 

h t i f i d u n  x C. judaiasn, v e q  few seeds were proiucd.   ere a 

Weal barrier was &en&. The ferti l ization failed because of 

the elmgation of style cut of the keel before the dehiscence of the 



Table 2.1.16. limber of f lu,?ers crosses anJ. (percent success) in annual 
species. 

Male/F&e E. arietinum _C. biiuam - C. ch0mssa-1 _C. cuneatum 

() = timbers in prmthesis are percent of successful hybrids. 

Table 2.1.17. mllen fertility (I) of the a n x s s f u l  crohsdinatim (F1) 



stamen. H a r d  pollination was anployed to prduze F2 seeds. 

An 8 x 4 top  ass k t w e m  eight wild Leer species and fan- 

d t i g a  has k e n  made during the 1988/89 season. 

Dr. K.B. S~IY#I and Mr.  Bruno Ocanpo. 

2.1.7.3. In vitru culture 

Since crosses bebeen many wild spp. and cultivated species were 

unsuccessful, anblyo rescue technique was enployed. An attenpt was 

made to sca?xh for a suitable nutrient medium to enable the developnent 

of the excised parental species anbrycs, as well as their ~zog-is. 

A mixture of F b a d q e  and Skmq agar solidified durn derived by a 

car$irntion of mineral salts, vitamins as in B5 medium, and 

Benzylaaenine (0.1 to 1.0 UM) and IBA (1 UM) aS h0rmOIES Was f& 'XI 

be the most suitable nutrient. Pmblens were enaamterd in d r y 0  

dissection that led to injury of smll anbrycs so altering their 

response to d t u r e  conlitions. Hcwever, scw arS,ryffi were 

succgsfhlly cultured in vitro. In future, effort will be directed to 

find a satisfactory medium for shcot and root regeneration. 

Mr. B. Ocampo and Dr. K.B. Singh. 

2.1.7.4. Cytology 

Cytological analysis aind at sbxiyhq the cytological causes 

unlerlying sterility &senred in the interspecific hybrids, to confirm 

hybridization, and to determine the kayotype  of the annual Leer 

species. 

me meiotic analysis of the Fls fmm the f a x  fertile crcss- 



ccmbinations hvolving _C. echinosDernarm as one parent did not shaw 

appawlt irregularities in hcamlogous pairing, as well as in their 

disjunction. -re, the mimxepre mther cells reqularly 

released f a x  mimxpres. 'Ihe reason for  only partial pollen 

f e r t i l i t y  of the abave Flls mi@t be a t t r M  to genetical 

disharmcolies (Table 1.1.17). But d r a m s a d  s t e r i l i t y  shculd not be 

excluded, since samstimes genic and clmmxmd s t e r i l i t y  are not so 

easily distinguishable. 

By means of root t i p  mitotic analysis of the wild relatives 

the drmcecm number of the accessions and lines was ascertained. 

sClMtic chmaOSaPne number of all the annual Leer species was found 

to be 2n = 16, the same as  i n  the ailtigen, but they are karyotypically 

different. 'Ihe karyotype of _C. echinoswrmrm (ILWC 35/S-1) and _C. 

reticdatum ( I N  21-15) and E. arietinm ('?ZIP 82-150C) have been 

detemhed using the meiotic txbique. 

Mr. Bruno and Dr. K.B. S h $ L  

2.1.8. Fbx#mms efficiemy in dm 

In a joint project between FLIP and the University of Hahenheim, 41 

progenies in F5 and their 8 parental lines were evaluated for @IOS&ate 

uptake, phosphate content, and yield to assess their @usphoms use 

efficiency. 'Ihe t r i a l  was p e r f o m  a t  Te1 Hadya and Jindiress in 

w i n t e r -  and sprirq. Four fe r t i l i ze r  treatments used included 

&inations of 0 and 75 kg P20+ (Po and PI) and 0 and 100 kg N / h a  

(for spring xwn  crop 0 and 60 kg N/ha, No and N1) : PONO, PINO, P$Jl 

and PIN1. ?he soil had 3 p n  Olsen P and 4 ppa total N i n  the upper 20 



F i g u r e  2 .1 .6 .  E f f e c t  o f  d i f f e r e n t  f e r t i l i z e r  t r e a t m e n t s  on t h e  
mean y i e l d  of d i f f e r e n t  ch ickpea  l i n e s  i n  w i n t e r  
(w) and s p r i n g  ( s )  sown t r ia ls  a t  T e l  Hadya and 
J i n d i r e s s ,  1989. 

t/ha 

Seed yield/P-uptake (100g/mgP) 
- 

1 S.E. 0.13 

1 

S.E. 0 

P-N- ' S.E. 0.017 

TeI Hadya W Tel Hsdya 9 

S.E. 0.006 

I P - N -  I 
S.E. 0.14 p-N. , 

Jindiress W Jindiress S 

F i g u r e  2 .1 .7 .  E f f e c t  of N and P f e r t i l i z a t i o n  on t h e  mean 
P-use e f f i c i e n c y  (100 g seed  y i e l d i m g  P  up take)  
of  s e v e r a l  l i n e s  of c h i c k p e a s  s o w n i n w i n t e r  and 
s p r i n g  a t  T e l  Hadya and J i n d i r e s s .  



an soil layer. Because of the drmght, yield was severely restricted 

at Tel Hadya and only the winter sawn trial at Jinrliress gave an yield 

of about 2 t/ha. 

Highly significant differenzs (at P = 0.01) were obtained for 

~lGenatypesql as well as for I1Fertilizer Trea-l1 for all inportant 

traits, while interactions between I1Genatypes" and I1Fertilizer 

mtments" only appeared for PGontent of the seeds ard .se& yield per 

unit Pyield at the Jindiress in the winter trial. l'his is in 

agreement with the results of the 1987/88 season, wfien at T e l  Hadya in 

only the winter sawn txial with an average yield of about 2 yha 

significant interactions were obtained. 

All genotyps respnded well to the treatments, but under the 

generally restricted growth conditions genetic differences got very 

mich m e d  d m .  In the winter sawn trials, response to @mqhorus 

was higher than to nitrogen, while in spring sum trials the nitrogen 

respnse was relatively hiqher (Fig. 2.1.6). Although phoqhorus 

utilization efficiency was raised by the fertilizer inputs, the most 

efficient use of phosphorus was made at the zero input lwel (Fig. 

2.1.7). 

Dipl. Ing. Agr. A. Gross, Prof. Dr. P. FUckerhuer, Dr. K.B. Shqh. 

2.2. AFpLiOtiion of ~ l q y  in &&pa Breeding 

2.2.1. ~ c t i c m  lerKJul polymqhkm (RFLP) 

This project is amhcted in cooperation with the Department of Botany, 



University of Frankfurt, F%. RFLP is a imldar marker bzhnique to 

inp,me gern@lasm enhancement. ?he use of RFLP all- to expedite the 

-cry of phenotypically undetectable genetic traits of desirable, 

recurrent parent alleles in the F-2 generation, thus reducing the 

length of breeding prcqrams ard increasing their efficiency. 

Espcially in wide- and backcrossing prograns, as for exanple in case 

of breeding for resistance to Ascochvta bliqht in chi-, RFLP 

represents a Valuable tool. 

To initiate the use of RFLP in breeding programs plant material of 

15 genotypes of chickpa and 2 each of lentil and barley were jointly 

amlysed at the University of Frankfurt. The analysis was conducted by 

using a non-radioactive tNA-marker test (mehrirger kit). Ther&y a r- 

tNA spacer length probe was used, wfiich originated fmn wfieat (Chinese 

Spring). Cepending upn the enzymes used and respective enzymatic CNA 

digestion, varying degrees of fraqment length polymo@sm were 

obtained. All 15 chickpea genotypes as well as the 2 genotypes of 

lentil and barley could be disthyished amding to their inclividual 

DNA electn@ioresis pattern. 'Ihis type of RFLP test is suitable 

especially for demonstrations and intrcducing training in the area of 

marker based breeding techniques. Rr , . ' lg inrmediate practical 

application this technique could be used for the identification of 

varieties and genetic relationships. 

In f%rther experiments 15 genotypes each of chi- and barley 

were a~lysed using an innovative probe developed by the Max Plank 

Institute, Munich. This probe is a synthetic oligo - nuclentid 



-. Such pIobes are already being frequently used in h m  

medicine to identify genetic relationships and single gene caused 

diseases. It was for the first time that this type of plpbe has been 

used Successfully in plants. ?he analysis of the 13 genotypes revealed 

that chickpa has a high degree of polymrphism making it especially 

suitable for RFLP analysis using oligo-nucleotids (Fig. 2.2.1). It has 

now to be clarified whether these fragmmts are inherit&& in a 

merdelian fashion ard the eldxc@oretic patterns (fingexprints) are 

con-elated with such agronoric traits as Ascc&yta blight resistance. 

DNA molecular weight markers (kllo base pair) 

FLlP 84-16 

FLlP 83-48 

FLlP 82-160 

FLlP 81-233 

ILC 3279 

ILC 1929 

ILC 1272 

ILC 613 

ILC 482  

ILC 464 

ILC 263  

ILC 196 

ILC 72 

~ - - 
Electrophoresis 

Figure 2.2.1. Genotypic differentiation of 13 chickpea 
accessions after hybridization to the synthetic 
oligonucleotide probe (GATA)4. DNA of individual 
plants were digested with Tag I. 



RFLP can also be used to distiquish betheen isolates of 

pathogens. lbe six existing isolates of ?,suz=hvta e i  were 

prifid, freeze-dried a d  are being analyzed at present. 

(Dr. Franz Wigand, ICARW, Prof. Gunter Xahl, University of Frankfurt, 

FTG, J.T. Qplem et a, W-Planck Institute, Martinsried, FIG) . 

chickpea suffers fmn several diseases. In the ICARW region, 

Asaxhyta blight is the most inportant disease, and additionally due to 
. . its role in determvung the - of winter- chickpea it receives 

a him priority in chi- pathology research at ICARDA. Major 

enphasis is laid on identify- cturable ad stable smces of 

resistance to m y t a  blight in gennplasn for use in the 

hybridization program. Fusarium wilt and other soil-borne diseases are 

camrm in North Africa. Srreening for wilt-resistance is carried out 

in moperation with national prograns in Tunisia and Spain. Stunt 

(bean leaf roll) virus is present Uxai@mk the region. 

T h e  objectives of the chickpea pathology research at ICARlX are 

to: 1, - chickpea gerrrplasn to identify sowces of resistance to 

m y t a  blight by using field screening M q u e ,  2, cabine 

efforts wiM chidcgei breeder towards develqmmt of high yielding and 

cold ad Asoxhyta blight resistant chickpa cultivars, 3, share the 

resistant mterial with rational program t h r aqh  cooperative research 

nurseries, 4, &tor the pmserce of pathcgenic variability in 

&i, 5 ,  study the epi~ology of Asmchyta blight, anl 



6, collect information on other chidpa diseases in the W84A region 

thrmgh field surveys and develop ccqerative work with national 

Prograrrs- 

2.3.1. scmenhq for A s x d i y b  blight resistarre 

2.3.1.1. Field screening 

Six races of A. have been identified fman Syria and Lebanca. 

Since only a few lines were found resistant to race 5 and race 6, 

~arlier screening of gemplasn and breeding lines was carried cut 

against a mixture of four races, race 1 to 4. Breeding prcgram made 

use of the lines which were resistant to raoe 5 and race 6 in crossing 

prograrrs. Also it was observed that many lines may not be resistant to 

race 5 and 6 individually, but they were resistant against a mixture of 

1 to 6 race. Therefore, it was decided to evaluate the germplasn 

lines, wild species and breeding material against a mkbxe of 6 races 

(Table 2.3.1) . -re supmion prepared by mixing equal amount of 

Table 2.3.1. Chickpea material screened in the M y t a  blight 
nursery at Tel Hadya, 1988/89. 

Material No. of entries 

FZ populations 
F3 bulks 
F4 progenies 
F5 pweni -  
F6 progenies 
New germplarm lines 
CAN entries 
IYr, AYT, PYT lines 
ID2 482 selections 
Wild species accessions 



qwres of six races was sprayed in the f ie ld  f ive  times during the 

-. D i s e a s e  started developing well, but the season being dry and 

w a r m  did not permit disease develqment i n  epiphytotic fom uniformly 

thmqhc& the 8.5 ha field. 'RE susceptible sown after every 

ten test rows took a rating fmn 7 to 9 on a 1-9 scale with an average 

rating of 8. 

Cernplasu sxeenirg: F a r  hundred anl sixty-five lines were 

evaluated. Only one line was found mderately resistant (rating 4) and 

the  mining 464 lines had ratings between 6 and 9. This moderately 

resistant line w i l l  he reevaluated next season. 

Breeding Lines: Results of meening of breeding lines are sham in 

Table 2.3.2. A total of 1064 lines usre screened. u one of the lines 

Table 2.3.2. Reaction of the chickpea bI*?eding lines f m  different 
t r i a l s  in m y t a  blight nursery a t  Tel Hadya, 
1988/89. - No. of No. of lines with a disease ratim* of 

lines entries 1 2 3 4 5 

CAN 2 19 
CIYT 144 
A m  142 
PYT 331 
S a e e n i q  nurseries 96 
FLIP desi lines 20 
IU3 482 ~eleCtions 24 
I E  3279 selections 28 
Total 1064 

CAN = chickpa Nursery, CIABN = chickpa International Asuxhyta Blight 
Nursery, CIYT = Olickpa International Yield Trial. 



had 1 or 2 ratings, tut 72 lines had 3, 463 lines had 4 and 378 lines 

had 5 rating. Lines w i t h  3 ratings have been identified rarely i n  the 

past. 'I~us, b7resU.q effort has helped i n  generating higher l w e l  of 

resisbnce in the mterial. 

S f z e m i q  of Fq to Fs pmgdes: of the 14431 p m e s  including 6147 

Fq, 6351 Fg and 1933 F6 nane had 1 or 2 ratings, but 449 progenies were 

tat& 3 ard 4096 were  rated 4 (Table 2.3.3). 

Table 2.3.3. Reaction of F4 to F6 pmqenies to m y t a  blight a t  
Tel m, 1988/89. 

Generation Reaction on 1-9 scale 
1 2  3 4 5 6 7 8 9 Total 

of F2 and Fj tulks: Reactian of 321 F2 e a t i c n s  to 

~ ~ ~ & y t a  blight was very variable. Same popllaticm had many 

resistant plants, while a few had none. ?here was a clear influaxe of 

degree of resistance in parents involved in the cmssing prcgram. In 

23 F3 bulks, sum in early Feb- and geminated in mid March due to 

w l d ,  disease develqmmt was mild. As a result, majority of the 

plants m i n e d  resistant a d  need re-scredng in  the following 

seascol. 



2.3.1.2. 

Zhree hun3rd and fifteen gemplasm and bmedhg lines facurl resistant 

against a mixhrre of f a x  races during the 1987/88 screening in the 

field were Wvidually screened against race 3, race 6 and a mjxture 

of 1 to 4 nus (Table 2.3.4) . I t  is clear that saeenhg of lines 

until adult plant stage is more reliable than at  d i n g  stage alone 

ard the scmenbg is harsher than the field screening. None 

of lines was resistant against raoe 6, whereas 33 lines were resistant 

against race 3 and eight lines against a m i x t u r e  of f a r  races. The 

maction of individual lines to race 3 and mixture of four races was 

d i f f d .  Only me selection, 587110, was resistant to race 3 and 

mixtune of f a x  races. 

2.3.1.3. Screening of w i l d  -es 

Cme hur&d and thirty-- accessions of eight annual wild 

species were in the field agairst a mixture of six races, 110 

a-ions in the against a mixture of f a r  races and 99 

aaxs ions  in the growth chanJw against a mixture of six races. 

Screening in  the field and was done both a t  seedling and 

adult plant stages, kR in gmwth cfiamber, it was done only a t  seedling 

stage. Results are presented in Table 2.3.5. Seventy-two, 33 and 8 

lines were faad resistant i n  field, gmdxuse and gmwth chamber 

suemitq, respectively. Clearly gmwth chamber screening was more 

severe. 

Results of the scmenhg unler three conditions were very 

variable. Hence, it is suggested to repeat this v i m e n t .  Further 



Table 2.3.4. Reaction of pmnising lines in greenhouse at  Tel Hadya, 
1988/89. 

Race 
Reactim on 1-9 scale 

1 2 3 4  5 6 7 8  9 T a t a l  

Race - 3 0 6 41 101 105 42 17 3 0 315 
Race - 6. 0 0 1 12 33 139 97 24 9 315 
M i x t u r e o f l - 4 w c e s  0 1 2 21 91  52 25 8 2 202 

Adult Plant Staae 

Table 2.3.5. Result of sxeenbq wild - species in the f i e ld ,  
and growth chanJxr a t  Tel Hadya, 1988/89. 

Reaction on Field Greer~hcuse Growth charrS3er 
on 1-9 scale No. species* NO. Species No. Species 

Total 132 110 99 

* species code: 1 = _C. biiuaum, 2 = E. c h o k c u m ,  
3 = _C. areatun, 4 = c. edlinmmmm, 
5 = _C. iudaicum, 6 = 6. pinnat i f idm,  
7 = _C. -, R = E. -be. 



none of the accessions was resistant un3er all the thmz sueenbg 

methods. At species level, sane accessions fmm three species, _C. 

b i i q ,  _C. judaiarm and _C. pinnatifidum, were resistant under field, 

greenhause andgrowth- screenings. 

Drs. K.B. S W  and Dr. M.P. Ha-. 

2.3.2. Pathogenic variability in Ascocfivta rabiei and host plant 

resistarne 

2.3.2.1. Rnificaticn of Asmdwb rabiei isolates 

'Ihe existing stock cultures of the 6 isolates of _A. -i were single- 

spored. Under micnscope an individual spore was identified and 

separated using a itulti razor blade dting device. Using this 

b3rdque it can be guaranteed that the resulting cultures originated 

fruu single spores. TYx establishrent of plre isolates is a 

prerequisite for any further resistance breeding work. 'Ihe 

differentiation and identification of the different isolates will be 

further inpved by using a host differential set and RFLP marker 

ted-miques. 

2.3.2.2. plant differenthl set 

A set of 9 c h i c k p a  genatypes (ILC 1929, 201, 482, 249, 190, 215, 2956, 

3279 and 5964) was tested against the 6 purified, singlespored a. 
e i  isolates to characterize the isolates for their agressiveness 

and hast plant reaction. The expr- was carried out under 

amtmlled environmental conditions in a walk-in qraJth chamber. 

Readings for disease severity were taken of single plants f m  the 3rd  

to 14th  day after inoculation on the following 1 to 9 scale: 1 = no 



symptcns, 2 = mall tissue depression or spot, 3 = elongating 

spat, 4 = coalescent spots, 5 = stem girdling, 6 = Stern breaking, 7 = 

lesion growth dwmmd fran breaking point, 8 = nearly whole plant 

dead, 9 = plant dead. Symptars evaluation was restricted to stem 

lesions, because only up to 5 unfolded leaves were present at the time 

of inoculation. kaves prnduced d u r i q  the follawing 12 day period 

cbviously are not attacked by the pathcgen and a scoring of these 

a d  thus give misleading results. 

?he exprhient revealed that the 6 isolates clearly differ in 

their agressiveness. Isolate 3 was the weakest, followed by isolates 5 

and 1. ?he differenass E e t w e n  these 3 isolates bere cnly enall and 

non significant. Isolate 2 was mderately aggressive and exceed& by 

isolates 4 and 6. ?he d aggressive isolate 6 differed significantly 

(P = 0.01) frwn all other isolates. T h e  host plant reaction of all 9 

genotypes rwealed no reversal in ranking when the isolates are 

ananged accordirq to immasing aggressiveness. T h e  genotypg a x l d  

be divided into 3 grarps acmrdirrg to their reaction to the diffewlt 

isolates. Ihe first grarp consisting of IIC 1929 and 201 was highly 

susceptible to all 6 isolates, even the weakest isolate 3 (Fig. 2.3.1). 

The second gmup was formed by ILC 482, 249, 190 and 215 w h i c h  

had a g o d  level of resistance to the weak isolates 3, 5 and 1, a 

mcdexate level of resistance to isolate 2, lmt were highly susceptible 

to the mre aggressive isolates 4 and 6. hese genotypeS can be used 

to differentiate between isolates of lesser and higher aggressiveness. 

'Ihe t h i d  qrarp, ILC 2956, 3279 and 5928 had a good level of resistance 



Disease severity 

Figure 2.3.1. Host-pathogen interaction between 9 chickpea genotypes 
and 6 single spored isolates of Ascochyta rabiei. 
Disease severity was recorded on a single plant basis 
9 days after inoculation on a 1-9 scale. Values are 
means of 4 replicates. 

to all isolates. These results indicate that the host plants reaction 

in terms of disease develcpwrt is of less qualitative but strongly 

quantitative rnture. Using only 9 genatypes a 6 isolates almmt all 

levels of disease severity were m r d e d .  Taking into consideration 

the missing of reversal in ranking and strong quantitative nature of 

disease severity developaent it has to be mncluded that the 

identification of different resistance genes, the nunhr of wfiicb would 

be limited theoretically by the rarmber of pathogen races, and 

sukeqxnt ambination of these in one genotype is not possible. For an 

efficient breeding straw aiming at a him level of Ascahyta bliqht 

resistance, screening should be corrducted against the rmst aggressive 



isolate 6 which was f a  also to be the aDst prevalent (40 cut of 50 

collected isolates) in Syria (REWY 1985). Genotypes with resistance 

against this isolate will also be resistant against the other isolates. 

2.3.2.3. hael of resistam= in Chab 1 and &ab 2 

Gh& 1 and Ghab 2 are two chickpa arltivars released in Syria, which 

were selectad fnm ICARIYLs gernplasm collection and recaamenled for 

winter wing because of their tolerance/resistance to m y t a  

blight. An expziment was  condLacted to check whether the level of 

resistance has chaqed in the d t iva r s  in canparison to the original 

a-ions in our germplasn collection. In Figure 2.3.2. the isolates 

are arranged according to increasing aggressiveness. ILC 482 and Qlab 

Disease severity 

S.E. 0.29 

Isolate number 

Figure 2.3 .2 .  Comparison of Ghab 1 and Ghab 2 with ILC 482 
and ILC 3279 with respect to their  interaction 
with 6 i s o l a t e s  of Ascochyta rabiei .  The values 
are means of 4 repl icates .  



1 shawed a good level of resistance to the weaker isolates 3, 5 ard 1, 

kut were susceptible and highly susceptible to the more aggressive 

isolates 2, 4 ard 6. In contrary ILC 3279 am3 Ghab 2 almost had the 

same degree of resistance to the reaker ard the aggressive isolates. 

In both cases no significant differences were found between the 

released cultivars anl the germplasm collection material. 

Dr. Franz Weigand. 

Wzpzature during the initial period of infection has a strvng effect 

on the host- pathcgen jnteraction anl disease developnent. If minirmrm 

and maXimrm W t u r e s  mined within the previously described 

limits of 6O C and 30% in a walk-in graJth chamber the disease 

developed well in both I E  1929 and 3279 (Fig. 2.3.3). When the 

tenperature exceeded 300 c ard reached up to 42O c because of an 

accidental failure in the cooling system disease developnent was hiwy 

s u p d  in both gem- (Fig. 2.3.3) . W s  indicated that wen 

when tenperatmes exceed the limits only for a short time, disease 

developnent is stmrgly affe5zd. Thus it is to 

amtinuously m r d  the tenperatwe in all eqerinwts to be able to 

detect wen short failures in the cooliqheating system which x u l d  

affect the results. 

2.3.3.2. D- dRRZqmmt nodelling 

Inxrporatirq environmental factors such as duration of leaf wetness 

cbyhq the infection pricd, t a p m t u r e  and occurrence of rainfall 



Diseale severity 

-&- ILC 3279 

* Temp. rnin. 
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Figure 2 . 3 . 3 .  Effect of 2 different temperature regimes on disease 
development. Dotted lines in the lower parts of both 
graphics represent critical temperature thresholdes 
for disease development. Values are means of 5 
replicates. 



w h i c h  q e n s  the pyaidia releasing new spores for a new attack - in 
experiments w d d  provide information needd for Asaxhyta blight 

disease develqment Imdellirg. Such a mrbl w d d  give the possibility 

to predict the perfornnnce of chi- genotypes unier different 

climatic corditions. In a first experiment c o m h c t d  un3er oontrolled 

envirosrmerrtdl mnditicms yrae genotypes x envirmrment interactions were 

similated. T h e  initial infection of the 3 genotypes IU: 1929, 482 and 

3279, using a kek isolate, was obtained according to the s t a d a d  

hxaiiation procedures. After a period of 19 days when the pathogen 

had bgxme established in the host plant tissue, a new leaf wetness 

period of 48 h m  was created, sindating rainfall. Both in ILC 482 

and ILC 3279 dckpea disease severity did I-& increase follawhg this 

booster infection, whereas in Iu: 1929 a further hmease in the 

disease was noticed a c h  led to the ccnplete killing of this line 

(Fig. 2.3.4). More genotypes, isolates, enviromenbl audition 

ambinations will be studied for longer perids in future studies. 

Dr. F'ranz Weigan3. 

2.3.4. -ted antrul of AEocfrvta mbiei in Efiidpea 

2.3.4.1. Phyl lcqhn?  mi- for biological rmtrol of A. 

-ei. 

'Ihis &Ay was carried mt to evaluate the inhibitory effects of 

certain micro-oqankm, that tax naturally in the @yllosphere of 

the chickpea lines, I W  482, ILC 3279 and the Syrian local susceptible 

d t i v a r  (ILC 1929) against _A. a i .  

Isolation of bacteria, filamentcxls fungi and yeasts were made 

frua 100 leaflets, harvestd fmn plants grown naturally in the field. 



Direase severity 

- ILC 1929 ILC 9278 - - - -  ILC 482 

lno~ulation with Spray of 
irolate 3 
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Days after inoculation 

Figure 2.3.4. Influence of a second leaf wetness period (water) 
on disease development in three chickpea genotypes. 
For initial inoculation the weak isolate 3 was used. 
Values represent means of 10 replicates. 

The surface of leaflets was lvtbed while skaerged in 300 ml of sterile 

distilled water, using a gentle brush. Isolation fmn leaflets washing 

were made on nutrient - agar (NA), acidified pota-agar 

(m) , and yeast-malt-extmct-agar (YMFA) , using the dilution plate 

technique. A total of 50 M t u r e s  of corrmon bacteria, fungi, and 

yeasts were purified and maintained to test their antagonistic effects 

against A. rabiei. ?he contents of ten petri dishes (2 wks-old) of 

each of the 50 micrcmqanisns were suspcded separately in 500 m l  of 

distilled sterilized water, and vacuum-filtered. A spore suspension 

containing 300,000 spars of r a p 6  of _A. rabiei per ml of each of these 

vacuum filtrates was prepared. A -re suspension containing the same 

nunbr of spores of _A. &i was prepared in a chlomthalonile 



solution (50 q a.i. per 100 m l  of distilled sterilized water) for 

carparison. Another spore suspension containing the same number of 

spo~s of A. e i  in sterilized distilled water served as a mtrol. 

'Ihese spore suspensions were then plated sepmtely on FIX, W t e d  

at 20% _+ 2%, then percent germination, germtube length, and -dial 

fomticm were measured under the micmscope. 

Chlorothalonil inhibited carpletely spore germinatian, germtube 

growth and midial formation of _A. &. Bacterial filtrate-1, and 

furgal filtrates 1 am3 2, were effective, but to a lesser extent (Table 

2.3.6). 

Table 2.3.6. 'Ihe inhibitory effects of cultural filterat9 of certain 
m i m . t p n h t r s  fmm the @yllasp%re of chickpea 
leaflets on spore germination and germtube developnent of 
$sw&Ra m i  on pots- agar. 

Spore Lfwm of pr'cnidial 
geminatid germtubec fomticmd 

(%I (U) 
(after 2 hrs. ) (after 12 hrs. ) (after one week) 

Ullomthalonil * * * 
Bacterial f ilterate-la * * ** 
Fungal filterate-la **** t *** 
Furgal filterate-2a ***** ** *** 
water only **t*** ** **** 
a. Bacteria-1, ?3qi 1 and 2 have sent to ammmealth Institute 

of Mycology, UK for identification. 

c. * 0-lU, ** = 1.1-5u length of germtube. 

d. * = No pycnidia, *** = Poor pymidia formation, no spores, *** = 
m t e  pycnidial formtion, few spores, **** = abundant -a 
arrl spores. 



2.3.4.2. =fed of tfp bacterial fil-1 an3 chl-lcnil an 

Asa&yta bl* in field 

Zhe effects of the bacterial cultural filtratel, chlomthaldl and 

their ambination wre tested for their ability to control Asmchy te  

blight on the tolerant (ILC 482) and susceptible (ILC 1929) chickpea 

lines in the field. l'h bacterial cultural filtrate1 was prepared as 

described earlier. 'Ihe fungicide chlomthaldl, which is recannrended 

for the control of a wide mmge of Asuxhyta-diseases, was used in this 

test at the rate of 100 ng a.i. per 100 m l  of water, for camparison. 

plants here inoculated artificially at the 5% flawing 

stage with a spore suspension containing 250,000 spores of A. -i 

race 6 per m l  of water, then inadiately sprayed with different 

bacterial and chemical treatments. chickpea plants were then sprayed 

with water three tiws per day (8Am, 1FM, and 5 R4) for one weelt, 

enplaying 25 m l  of water per plant per spray. chickpea plants reoeived 

two additional bacterial and chemical t r e a m .  'Ihe first trea-t 

was mde at the 100% flawering stage and the second at the 100% podding 

stage. A split plot design with chickpa lines in the main plot, and 

bacterial and chanical treabmts in the sub plot was employed, with 

three replications. Disease madings were made three weeks after the 

second treahmt using 1-9 scoring scale. 

T h e  d t s  of this study (Fig. 2.3.5) shawed a significant (P = 

0.01) irw;rease in disease severity fmm a 1m level on the tolerant 

line I E  482, to a high level on the susceptible line ILC 1929 across 

all treatments. On I E  482, the &ination of bacterial filtrate-1 



Diaeaae aeverlty (% leaf area necrotic) 
0 20 40 60 80  100 

i L.S.D. (0.6) I 
Bacterial filtrate-1 
+ Chlorothalonil 

Chlorothalonil 

Bacterial filtrate-1 I 1 c 

Water only Yd 
Figure 2.3.5. Effect of bacterial filterate-1 and chlorothalonil 

on the development of Ascochyta blight (mean of 
ILC 482 and ILC 1929 chickpea cultivars) in field. 
Columns with different letters are significantly 
different at P = 0.01 according to nuncan's Multiple 
Range Test. 

and &lorothanil, su~pmssei significantly (P = 0.01) disease 

dwelopm'k, rxqxze3 to cfilorothalonil, bacterial filtrate 1 or water 

alcme. Al tha@~ disease reactions were greatex on ILC 1929, similar 

trerdswe~ d3tainedwith respect to treatnwt effebs. 

Pdditional wrk is needed to determine the chemical basis of 

inhibitory subtams in bacterial filtrates-1. Mre work is also 

required to stu3y the popllation dyrmics of bacteria-1 in the 

plyllcqhere of chickpea leaves. 

Dr. S.B. Iianadk. 



2.3.5. S\nvey of vhxses aff- 

Cne mudrsd and forty far samples showing either yell* or 

yellawing in addition to stuntiq hem collected frun Syria and 

Lebanon. Samples were tested against beet westetn yell- virus 

(EWYV), bean leaf ml1 virus (BIRV) and chickpea stunt virus (CpW) 

antisem. Forty-one samples gave a positive reacticm with &JYV 

antisennn, 39 positive with CpW antiserum and none reacted with PUZV 

anti-. meSe preliminary results indicated Me magnib% of 

variability that exists in what we carmrmly d l  chickpea stunt. 

Whether we have 2 or 3 distinct Strains or different viruses rquires 

further rhncterization, which is in progress. 

Dr. -led Makkouk. 

Studies on different contml me- of the d d p a  leafminer, 

Liriomvza cicerina were continued. Since pcdbrers often are a major 

pest in -ern Syria, exprinwts on the effect of cultural methods 

and different times of insecticide applications on pcdbrer 

infestations were corducted at Izraa Station. With regard to 

storage pests a m e y  was carried out in Jordan ard the screening for 

resistance, especially of the wild species aontinued. 

2.4.1. chickpea 1- 

2.4.1.1. Yield loss assgsllent 

mfminer damage and yield losses were measured in spritq-smn chickpea 



at three on-farm locations (Alkamiye, AlChab ard Sheik Ycusef) and at 

Tel Hadya. Because of the dry season the yields in general m lcw, 

especially at Tel Hadya ard Sheik.h Y d .  C m  spray of Wcdan 35 

(1.5 ma/l) at flcr~ering or two sprays at pre-flaeriJ'q and flowering 

stages significantly reducel the p e w  at Tel Hadya 

(Fig.2.4.1), brt yield hmeses wxe not significant. Al- at 

A m y e  no differenaes klere f d  in the mining the yield was 

significantly h i m  in Ule tw insecticide sprays aver Control. In 

Al-Ghab and Sheikh Y c u s e f  the insecticide reduced the pxcent mining 

but yield bzmased significantly only at Sheikh Y-f. At all 

locations M differences existed in the percent mining between one or 

tm sprays of the insecticide indicating that one spray at the right 

the is sufficient. Zhe exp=riment also rwealed that leafminer could 

cause significant yield 1- in farmers fields in springsown 

cfrickpas. 

Dr. S. Weigani. 

2.4.1.2. weal crntrol of leafminer 

As an alternative to the conventional insecticides the effectiveness of 

neem extract amlicaticas for leafminer control was W e d .  At early 

flcwring 3 sprays (500 g nean seeds/lO 1 water; 500 l/ha) were made at 

weekly intervdls. Check plots were sprayed with water. In the neem 

sprayed plots the percent mi.nbq was lmer at berth sanplirg dates kut 

the yield hcrease was not significant (Table 2.4.1). lhis stucty will 

be continued to further test the efficiency of neem for leafruiner 

alntIo1. 



Alkamiye 
S.E. 14 S.E. 0.02 

No spray 

1 spray 

2 spray 

Al-Ghab 
S.E. 3.7 S.E. 0.08 

Sheikh Yousef 
S.E. 4.0 S.E. 0.04 - -  - -  

No spray 

1 spray 

2 spray 

Tel Hadya 
S.E. 1.3 S.E. 0.07 

No spray 

2 spray 

60 46 30 15 0 0.3 0.6 0.9 1.2 
% mining Seed yield (t/ha) 

Figure 2.4.1. Effect of insecticide application 
(Thiodan 35 1.5ccmIl) on leafminer 
infestation and seed yield in chickpea 
at Tel Hadya and farmers fields, 1988189. 



W l e  2.4.1. Effect of 3 a~plicaticms of mem extxact on leafminer 
infestation on 15 an3 27 May 1989 ard see3 yield in 
chickpa, Tel Hadya. 

Treabwnt % m i n i n g  %mining Seed yield 
15/5 27/5 )og/ha 

Nean 29.7 45.8 477.2 
Water 37.3 50.1 284.4 

E D  (5%) 5.83 6.8 206.7 
S.E. 1.83 2.1 80.4 

2.4.1.3. Host plant  re^' -' to leahimK 

A nmSxr of chi- germplasm lines  we^ evaluated in a l~ss smenhq 

in the field mder mtural conditions, but no new resistant lines were 

identified. Only previously selected prcdsing lines s h a d  

ansisterrlly low leafminer damage. To £urther relate the degree of 

resistance to the extent of damage an3 mspxe to chemical control 8 

resistant lines an3 local vere q w n  w i t h c u t  and with the protection of 

1 and 2 insecticide aplicaticms. Because of the dry season haever, 

yields we?x so l m  ard inccrrjisterh that no r e l i a b l e  data could be 

&taw. 

Drs. S. W e i m  and K.B. S-. 

2.4.2. chidpea podbarer (Heliooverpa azmiqr?m ani Wiothis spp . )  

A1tkaqI-1 chickpa led* is the main insect pest a x w r i n g  in high 

densities every year, podborer can also cause mjor damage in sane 

years. In Syria chi- is attacked by 3 species of pahrer, 

armiuera (Huebner), Heliothis viri~laca (-gel) & 



Heliothis celtiaera (Denis and S d - d f f e d l e r ) ,  of which the last 

axr~rs only sporadically and is of minor importance. Observations 

durhq the l a s t  years showed that H, anniuera anA Heliothis spp. do not 

cause major Qmage in chi* in northern Syria in mcst years: in 

smthem Syria hcrwwer, infestaticols often are high. ming a survey in 

April 1989, a seasan with high infestations, man pod infestations in 

fanners fields in mrthem Syria ranged between 6 and 13 peroent as 

carpared to 20  to 40  percent in the sarth (Table 2.4.2). 

Table 2.4.2. Kern percent pod infestation of H e l i c w -  armiaera and 
Heliothis v i r i ~ l a c a  in 2 chi- d t i v a r s  in Syria in 
Apr i l  1989. - Qlab 2 

m i n c e  No. of %pod NO. of 
samples infestation 

%pod 
samples infestation 

Kamishly 
Aleppo 
Idleb 
Hinna 
Hans 
Tartw 
m a  
Suweida 

Pcdhrer m a t i o n  develqment ard density was monitored by 

traps wer 4 years (1986 to 1989) in scuthem Syria. Both _H. 

armiaem and y. &i~1aca emxyed in -April. 8. v i r i ~ l a c a  had 

only ane peak or generation and disappeared after 4 weeks, whereas B. 

armiaera had 3 peaks and was present thraqh harvest (Fig. 2.4 .2 ) .  

Tmpmture and rainfall had a great effect on the m a t i o n .  In 



87 

Heliothis viriplaca 

No. moth/trap 

250 i 
Heliothis armigera 

March April May June 

Figure 2.4.2. Pheromone trap catches of Heliothis viriplaca and 
Helicoverpa armigera during 4 seasons in southern 
Syria. 

1986 and 1989 trap catches were high pmbably ctue to hi* 

teqeratmes and law rainfall during MarchjApril. Icw texgemtun2.s 

during &ir& 1987 and high rainfall in spring 1988 resulted in IOd 

pzcRorer m a t i o n  densities. Interestingly, only B. viri~laca was 

found in the W n e  traps as well as on the chickpea plants in 1989. 

me reason is not knmn and needs to be studied. 



At Izraa Rgearch Station in sarthern Syria eqer- on scme 

aspects of int.qmted control of podborer were axduct&. 

Winter mhq of adpea might give an  portu unity for an earlier 

build-up of popllations of Y. anniaera and 8. v i r i ~ u  resultirg in 

higher infestations in the chickpea czcp itself as well as in the 

following sumoer cmps. M o r e  the effect of 5 S Q W ~ ~  dates (25 

-, 18 January, 13 Februaxy, 9 March, 6 April) on podborer 

infestations in two chickpea cultivars- -2 and Lacal was studied. 

IXle to the extmnely low and badly distrilxkl rainfall this season 

(181 nun toal rainfall with 81 % during Nwaber to January) the 

chickpeas of the last 2 sawing dates did not produce any sed yield. 

The pod infestaticm urns a k a l t  50 and 45 pment in the Dece&m and 

Jamwy scwn crop, respedively, carpared to significantly 1- 

infestation of only 28 percent in the chic)rpeas sam in February (Table 

2.4.3) . No dif ferenzs viere f a r d  between the 2 cultivars. Inspite of 

the higher pod damage the yield of kith varieties was hi- in the 

first m i n g  date, because only the early sum chickpa cculd make full 

use of the limited rainfall. At all sewing dates yields of local 

cultivar were him than those of olab 2 mainly due to the late 

maturity of the latter. 

Eqerimnt on effect of plant density in three cultivars of 

chidpea (Chab 1, Chab 2 and IPcal) shared that averaged overall the 

cultivam pcd Qmage was lcuest at the lcuest plant density of 20 

~lants/m~ (Table 2.4.4) . ?he highest pod infestaticm was faml in the 

highest plant density of 50 plants/$ in Ghab 1 and 2 and at the plant 

density of 25 plants/$ in the Lacal. 



Table 2.4.3. Effect of 3 sowing dates on pdbrer infestation and 
grain yield of 2 chickpa cultim, Izraa 1988/89. -- - Grain yield fkaihal 

date O l a b 2  LPcal Mean - 2  Ipcal Mean 

25 Dec. 51.3 49.4 50.5 108.3 246.8 177.5 
18 Jan. 45.7 44.5 45 .1  85.5 199.0 142.3 
13 Feb. 28.5 27.2 27.8 39.8 190.3 115.0 

Mean 41.8 40.5 77.0 212.0 

LSD 5% for  dates 5.72 
dti- n.s. 
2 dates a t  different 
niltivars n.s. 

Table 2.4.4. Effect of plant dersity on infestation in 3 
chidpea d t i v a r s ,  Izraa 1988/89. 

Plant density 
(plants& ) 

% r x d  infestation 
Qlab2 b3.l Mean 

Mean 39.4 46.0 48.8 

LSD 5% for plant density 3.52 
cultivars 3.31 
2 plant densities a t  
different d t i v a r  6 . 2 1  

m i m e n t  on &tembig the critical periods of application of 

?hiodan 35 (6 an/l) to control pcdborer was  conducted w i t h  tm chickpea 



ailtivars (Ghab 2 and Local). 'Ihe nmber of larvae per plant, which 

was extremly hi* this season, d the respective stage of the crop 

at the t h  of insecticide application a n  given in Table 2.4.5. In 

Chab 2 the insecticide application at flowering (13 April) resulted in 

the 1- pcd infestation of 10.8% and highest yield of 210 kg/ha as 

aqatd to a 60% pcd damage anl 48 l q h a  yield in the untreated check. 

In the rocal the larest pod infestation (10.7%) am3 hi* yield (356 

kWha) were  faud in the earlier applicatim date (10 April) which 

CO~-mspom%~4 with flower- of the crop. IXe to the high teqemtures 

the podborer larval density increased so fast that the time intenmls 

betwen the different dates of application had to be very short. 

Therefore no general recgrmendations for the ecoMRic threshold and 

best time of application can be concluded frcm this years results. All 

exprimerh will be repeated the next season. 

Table 2.4.5. Fdborer larval density and phenolqical stage of 2 
chickpea cultivars at the time of insecticide 
application, Izraa 1988/89. 

Date of No. of l-e/~lant 
application - 2  local 

15 Hamh 0 0 
5 April 1.6 1.1 
7 Pgril 5.4 4.0 
10 April 9.2 7.8 

13 April 10.1 10.2 
15 April 14.6 12.6 

Phenolwical staae 
Qlab2 L a d  

Vegetative Vegetative 
Vegetative Early flow. 
Vegetative  lowering 
Early flow. Fl~./earl~ 

pcdsetting 
Flmeri.ng -ing 
FlUM./early Pndsetting 
-ins 

In the screening of 30 chickpa lines i n c l w l b q  11 ICRISAT lines 

prwiously selected for resistance to @borer, the nWxr of larvae 



per 5 plants ranged f n  54 to 2, with the ICRISAT lines hav- the 

lowest infestations. The best ICARIM lines were FIJP 83-48, '?LIP 83-98, 

ard FLIP 84-15 with 17 larvae per 5 plants. 

Mr. A. El-Sad, Dr. F. Samra, Damscus University, Drs. S. Weigand and 

0. Tahhan. 

2.4.3. 

craccivora is the min aphid species feeding on chickpa and 

serving as an important vector of the pea leaf roll virus that causes 

chidpa stunt disease. Early in the season _A. craccivora feed on 

chidpa only for a short tiw which is sufficient, h-er, for virus 

transmission. High m i d  densities usually cxxw later in the season. 

Since this season differences in aphid infestations of different 

chidpa lines were observed, three chickpea lines with very law and 

one with high aphid infestation were selected to study a pssible 

mechanism of resistance by measuring the pl of leaf washings. S i x  young 

ard 6 middle aged leaves per plant were suhnersed in 40 m l  de-ionized 

water and shaken for 10 sec to get leaf washings. 'Ihe pH of leaf 

washings frw the susceptible chickpa line ILC 1929 was higher than 

the values for the three resistant lines (Fig. 2.4.3) . A higher pH 

correlated with a higher rarmber of @d colonies per plant. In all 

fam chickpa lines the pH of the leaf washings of older leaves was 

hi* than that of ywnq leaves, indicating that the production of 

leaf emdates and mlic acid might be decreasing with the aging of the 

leaves. Further studies under controlled conlitions are underway to 

elucidate this mechanism. 

Drs. S. and F. Weigand. 



pH of leaf washings No. aphid colonies/plant 

YOULO 1.aV.s * 
5 5 madlum old l e a ~ .  ............................... 

5 . 5 

* 
2.5 0 

ILC 1929 ILC 316 ILC 855 ILC 1216 

Figure 2.4.3. The pH of leaf washings and number of 
aphid colonies on 4 chickpea lineswith 
different degrees of susceptibility to 
& craccivora. 

2.4.4.1. HDst plant ESkblue 

Resistance Screening to CallO6ObIUdlllS chjnmsis was continued in the 

laborat?zy with 2700 IIL: aacessicns in 1989 and 250 lines of land Laces 

mllected fran Syria and Jam. lbe percent infeted seeds and rnrmber 

of progeny per female were remrded. S ' g of a total of 6804 ILC 

accessions so far did not reveal any resistant lines, whereas 6 

accessions of lanl races were fund &sing and will be retest&. 

In a replicated trial for the retxnfirmation of 61 acoessions of 8 



annual wild species of w, 51 resistant accessions were identified 

w i t h  seed infestatiors ra rq iq  fmm 0-20% as cnpared to 100% for the 

susceptible check (Wle 2.4.6) . 

W l e  2.4.6. Evaluation of wild species for resistance to _C. 
cfiinerrsk, 1989. 

species No. of No. of lines Mean % seed inf.* 
lines tested mistant Susceptible Wsistant Susceptible 

c. biiuscPn - 20 20 0 0.4 - 
c. g i m m  - 'cum 1 1 0 20 - 
E. G!q&!m 3 3 0 3 - 
E. ectunosDermrm 3 3 0 0 - 

19 l2 7 15 53 
E. 3 0 3 - 62 

12 l2 0 12 - 
* Susceptible check as 100% 

From the 51 resistant accessions 39 were selected for further 

m e s  in a replimted q i m e r r t .  Based on the results d7tained in 

the so far a rating scale for three min characters of E. 

-s infestation was developed (Wle 2.4.7). T h e  three 

characters are: eggs/f&e, prqmy/f&e ani % se& infestation with 

adults. 

Table 2.4.7. Rating scale for three dmmcters of E. chinensis 
infestation of chi-. 

Scale -/fde % seed infestation 
& ~ - / f m e  with adults 

Highly resistant <5 < 10 
Resistant 5-10 10-30 
Intermediate 11-30 31-60 
Susceptible 31-40 61-80 
Highly susceptible >40 >80 



'. 
0 

I.. ' 
r I I------1 

0 5 10 15 20 
Progeny/fernale 

Figure 2.4.4. Reaction of 39 accessions of wild Cicer species 
to C. chinencis infestation in terms of eggs/ 
female and progeny/female. 

Figure 2.4.4 sumoarizes the d t s  of the screening of 39 

aocessians of &&pea wild species, which showed that most accessions 

(61%) belonged to 2 9 ~ ~ ~ l p j :  a) 12 accessions are highly resistant for 

bath -/female and progeny/female b) 12 aazessions are highly 

resistant for prqeny/feaale and htermdhte for -/female. ?tro 

accessions of _C. ameatm, ILWC 40 and ILK 37/7 gave interesting 

Wts, as they were susceptible to e g g s / f d e  but highly resistant 

to prqq/f&e, which mi@t be due to antibiosis. Further 

imrestigaticn of these two and the 24 accessions in group a and b will 

be -. Some of the hiwy resistant accessions have spiny seed 

coats, therefore, artificial seeds were prepared fmn f low to test 

their resistance a the abare special morphological d-aracter has 

been excluded. 

Dm. 0. Tahhan, S. Weigand and K.B. Sitqh.  



2.4.4.2. S u m q  of ctrickpea stcnrage pests in Jordan 

Tvm weeks survey was conducted to identify the importare aid 

d i s t r i h t i o n  of actual ard potmtial storage pests. F'run 53 villages 

in 7 prarinces 66 seed q l e s  were collected fmn farxers and 

mxhants, of w h i c h  24% ware infestad. % highest infestaticm of 100% 

was f a m i  in Irbed. Among 1700 d t s  collected and identified, only 3 

b d d  species (_C. chinesis, _C. -, and sp) - fwd. 

In addition 5 other storage pests were fclnd which are minly cereal 

pests such as S .  mriceum and SitmMlus sranarius. T?ie l~st 

carroon method of seed storage is to f i l l  the seeds in jute sacks which 

are usually placed inside cement stores. R~ostoxin is the most 

cmmwnly used fumigant. When fanners and mrchants asked for 

factors affecting the selling price of chickpa accozdiry to their  

importance, they named first the presence of insects followed by seed 

size, cleanliness, color and cooking abili ty.  ?he average price 

reduction due to insect presence was 27% when infestation was below 10% 

and 60% when it was more than 70%. Infested seeds are used for animal 

f e d ,  s ~ w i n g  ard poultry. None of the fanwm interviewed treat their 

seeds before sawing while 64% of the farmers and merchants treat their 

stores and 40% apply fol iar  insecticides against Heliothis spp. and 

other fol iar  insects. 

Drs. 0. Tahhan, S . Weigard and NCAKlT (Jam) . 

2.4.4.3. Effect of Oillas&mdms -is m seed gennirnticn 

As the farmers in Syria and Jordan umnmnly use infest& chiclprea seeds 

for  sowing, the effect of different levels of seed infestations by _C. 

chinensis on seed gembation was studied. Since 1 to 5 mts develop 



in one seed, each leaving one hole, chickpea seeds w i t h  0, 1, 2, 3, 4 

an3 5 holes were tested. -tion of ILC 482 which  urns tested 

decreased f r a ~  99% for dnfested,  to 97, 94, 86, 72, an3 56% for seeds 

w i t h  1, 2, 3, 4 and 5 holes, respectively. 

Drs. 0. Tahhan and S. Weigand. 

2.5.1. Alkmate hcahnt carriers evaluaticn 

use of pat as a carrier for Qhizobium M a n t s  i n  nary 

amtries is hindered by its mva i l ab i l i t y  o r  hi* cost. The 

capability of so i l  to v r t  w i v a l  of hizobia  inplies that 

mineral soi ls ,  p a r t i d a r l y  i f  h e d  w i t h  carbon, muld substitute 

for  peat. Investigations bere crmducted to detedne the abi l i ty  of 

two soils containing >lo% organic matter fmn the Qlab valley in Syria, 

with and w i t h o u t  -ts of wood charual, to support rfiizobial 

gmwth over time as cxqw& to  high quality Australian peat. In a 

series of W experimnts, soil amended w i t h  charcoal pmved equally 

effective to peat in maintaining hi@ (>lo9 g-l) m a t i o n s  of 

rhizobia ncdulating chi- over pericds of 105-126 days. After a 

h g e  pericd of 280 days, two chickpa Rhizobim strains differing in 

graJUl rate mintair& viable nmbers i n  the soil-charcoal nixtun? 

above lo8 g-l (Table 2.5.1), indicating the sui tabi l i ty  of this 

material as an incculant carrier. The d t s  inply that quality 

Rhizobium inoculants may be pmduce3 w i t h  sane mineral soils and 

locally obtained materials where peat is not available. 



Table 2.5.1.  Grarth of 2 rhizcbia strains ncdulating chi* in t w ~  
carrier mterials a t  27% wer a 3O-wsek pericd. 

phizcbium m a t i o n  CN g-I 
Cdrrier strain initial 15 weeks 30 w€dzs 

Australian 8 31 2.0X108 4 . W o 9  2 . 7 ~ 1 0 ~  

Ein Jmin so i l  8 31 1 . 6 ~ 1 0 ~  2 . ~ 0 ~  3 . 0 ~ 1 0 '  
+dnruxd 

8 39 3 . 0 ~ 1 0 ~  5 . W o 9  2 .5~10'  

%im strain 

With nwv& of w i n t e r s o w n  chidpa into drier areas of the 

Meditenaman region, it is eqectd that  locations prwiously not sown 

w i t h  chi- w i l l  be utilized. Introduction of cold-tolerant, 

ascc&yta blic$t resistant lines into new, drier production areas has 

been accapnied by ncdulation deficiency in sane areas. Soils in 

these new p m o n  areas are less likely than traditional chickpea 

areas to contain m a t i a s  of the w i f i c  rhizobia, and may 

sbcw chamtic yield haeases when plants are imculated or  nitmgen 

ferti l ized. ?he highly specific f i z c b i a l  -ts of chic)cpea has 

been faud to e x t d  to strain-xltivar specificity for N2 fixation, 

inplying the possibility that limited effectiveness of naturalized 

rfiizcbial m a t i o n s  with newly htmhcd cultivars may yestrict 

genetic potential for dinitrogen fixation. Necessity for inoculation 

may therefore also exist where int?nducd cultivars, selected for hi* 

yields by plant breeders, cannot express their fu l l  capability for N2 



fixation in syxhiosis with native rhizcbial populations which have 

developea in &ptation with local landraces. 

In trials comlwtd over two seasms (1987/88 and 1988/89) in Tel 

Hadya, variations in N2 fixation and yield of a range of chickpea 

culti- inoculated with selected Wlizcbium strains were evaluated 

with a view to establish base-line values for %Ndfa in mzamended 

culti- so inpmmmmts thmuFpl rhizobial strain seledion and legume 

breeding can be quantified. 15 N results have only been obtained fmn 

the 1987/88 trial, and are reported here. 

Eight chickpea cultivars were chosen for the exprhnents based on 

their regional use and characteristics such as cold tolerance, tall- 

type plant amhitecbre, ascnd~yta blight resistanoe and l q e  seed 

size. mtivars tested included ILC 195, ILC 482, ILC 3279, mp 83- 

98, FIJP 84-28, FLIP 84-46, FLIP 85-82 and FTJP 85-105. 

lket pmbable nu&er (MW) -ts of M g m  chickpea 

rhizo$ia pcpxllations in the soil were law with 2.3 x lo2 and 9.1 x lo1 

rtrizobia g-l soil  respectively, for fields utilized in 1987/8 and 

1988/89, due to absence of chickpea cultivation for several years. IXle 

to extmdy law rainfall during 1988/9 seascol (281 nnn, p r l y  

. . 
dmk&utd) two supplementary sprinkler irrigatims of 30 nun each were 

given. Rhizcbia treatments canprised unhomlated anl +xu strain 

t r e a m ;  the 1987/8 expriment inclu3e.l two single-strain inoculants 

(strains 31 and 39) while in the 1988/9 expriment a single-strain 

imalant (strain 39) and a 3-strain m b k u m  (strains 31, 39 and 61) 



were utilized. Strains were selected based on prior N2-fixing 

perfonmnce on the c a c a r d  cultivars in aseptic hydrcpnic culture in 

gnenkme trials. Seeds u=re inoculated at sming using liquid 

application mthcd, at a rate to prwide qroximtely lo6 viable cells 

per seed. A nitrogen treatnwt of 120 kg N/ha applied as split dose of 

60 )aFl/ha broadcast preplant and 60 kgpm sidedress application at mid- 

anthesis was included in both aperimlts. 

'Itro replicates of treabnent plots (excluding N-fertilized 

treabwnts) containd a central mi~oplot to which was applied 20 kg 

N/ha as 5%  enriched ammnium sulfate spread evenly in solution over 

the entire microplot area 15 days after sming. A non-mating Desi 

chickpea line as reference crop was s m n  in plots containirg a central 

mimuplot of 1 x 1.5 m to which 100 kg N/ha as 1%  enriched anmnnium 

sulfate was applied evenly in solution after sawing. 

Significant increases arross dti- in shoot dry mass an3. shoot 

N from inoculation treatments at mid-anthesis (Table 2.5.2) were 

translated into significant yield increases across &ti- both for 

sea2 and biological yield (Table 2.5.3). IXlring 1987/88 strain 39 

increased biological yield by 15% or 840 &/ha ard seed yield by 13% or 

250 kg/ha wer the uninoculaw treatment. l'be strain mixture gave the 

largest response during the 1988/89 season, with a biological 

yield increase of 12% (250 kg/ha) and seed yield increase of 20% (100 

kg/ha) wer unhomlated treatment. Reqmnse to N fertilizer was 

oteemed bath seasons for biological yield and for seed yield in 

1987/88. 



Table 2.5.2. Mid-anthesis sanpling data averages of treaimmts f o r  8 
cultivars, during two years. 

M d z y -  S h m t N  Ncdule dry mass 
WPl W P l  W P l  

~~t 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 

120 ki&iN/ha 9.70a* 6.73a 252a 197a 116c 63c 
Strain 39 9.71a 6.42a 251a 159bc 414a 34% 
Strain 31/ 8.93a 6.39a 229a 166b 44- 411a 

-1 
Uninaxlated 7.21b 5.3% 188b 13% 212b 166b 

CV % 19 26 25 28 38 50 
S.E. 0.57 0.41 15 U 38 37 

LSD .05 1.12 0.81 29 22 75 73 

* Values w i t h  d i f fe rent  letters indicate s igni f icant  difference a t  Pc0.05 
y i n g  IXncans lnrl t iple  range test. 

1)slngle strain imcvlant misting of m l y  strain used during 1987/88: 
inocvlant dxtum of strains 31, 39, 61 during 1988/89. 

Table 2.5.3. Hamest data averages for strain treatments over 8 
cultivars during two years. 

B i o l q i c a l  y ie ld  Seed yie ld  TotdlN 

Treab3-k  
m JKVha Jw= 

1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 

120 kg N/ha 6.01ab* 2.54a 208% 4963, 97a 
Strain 39 6.18a 2.16bc 212% 432b 94ab 
strain 3l/mixl 5.8233 2.34ab 208Q 585a 90b 
Uninoculated 5 . 3 4 ~  2 . 0 9 ~  185% 489b 80c 

CV % 21 17 24 26 36 
S.E. 0.136 0.10 44 33 2.2 
LSD -05 0.271 0.201 88 65 4.4 

* Values with d i f ferent  letters indicate s igni f icant  differenoe a t  P 
<0.05. 



Individual &ti- resgwdd differently t o  different strains. 

When inoculated w i t h  strain 39 dur* 1987/88, d t i v a r s  ILC 482 an2 

3279 gave 909 kg/ha (47%) and 1248 (73%) increases, respectively, 

in seed yield, M bmeased seed yield in other cultivars by only 100 

to 250 Iqc/ha wer the unimculated am. IXlrirq 1988/89, no 

significant seed yield increases due to inoculation within culti~ar" 

were m e d ,  with low general yields (ciue to low available misture) . 
Increases fmm inoculatim with the best strain treabnent (strain 

-), w, f m  0 to 34% (0-180 k g p )  for the 8 

cultivars. 

'Ihe measuranent of CXCQ nitmgen was an additional parameter 

uti l ized to evaluate the effects of inoculation, and significant 

increases across all &ti- - for inoculant and nitrogen 

treabumts during 1987/88 season (results for 1988/89 not available). 

Immases an individwd &ti- due to b a a t i o n  w i t h  strain 39 

ram# fmn  38 kg N/ha (IIC 482) to 4 kg N/ha (ILC195), w i t h  an average 

increase of 14 kg N/ha wer all cultivars. 

D i f f enaes  in total c r q ~  nitrogen were hcklwer fcurd to be 

sa~~&& misleadhg when prqortions of crop N derived fmn  dinitrogen 

fixation were mnsidered (15N data for 1988/89 not available). Over 

all cultivars, strain 39 irrcreased N fixed by an average 15 kcp'ha while 

strain 31 increased N fixed by 19 kg/lm wer the u n i n d a t e d  

treatment. In Figure 2.5.1 prcportions of crop N derived fmn fixation 

a d  fmn  soil for lmollated (strain 39) and uninoarlatd trea- 

for six ailti- are shown. Qlltivars ILC 482 and 3279 clearly showed 



Crop nitrogen kg/ha 

1noc/30 N 11x.d 

0 So11 derived N 

ILC ILC ILC FLIP FLIP FLIP 
195 482 3279 84-48 85-105 84-28 

Figure 2 .5 .1 .  Proportions of crop N derived from f ixat ion  and 
from s o i l  under inoculation with  Rhizobium strain 
39 and no inoculation i n  s i x  cult ivars  of chickpea. 
Tel Hadya, 1987188. 

response to inoculation in terns of total crop N, while the other four 

dtim shmn did not. H a e v e r ,  d t i v a r s  FLIP 85-105 an3 84-28 

berth had very l m  levels of fixation with the native soil bacteria, ard 

responded significantly to inoculation with strain 39 by fixing more 

nitrogen. Nitrogen f h t i o n  in dt ivars  FLJP 84-28 and 85-105 

increases by 49 and 46 kg N/ha, respectively, w h m  inoculated, more 

than dcublirq quantities of N derived fma fixation. 'Ihis effect of 

inoculation is nut obsenrable unless dinitmgen fixation is measured 

directly (as with 1% dilution technique). 

'Ihe three &ti- shcwn i n  Figure 2 .5 .2  gave no total crop N 

response to inoculation, but demon&3te the degree of syrr33iotic 



efficiency between cultivars and the native ard inoculant strains. 

Cultivar FUP 83-98 was shorn to be a poor N - f i x e r  both with native 

strains and strain 39. ?his cultivar did M e r  resprd to strain 31, 

i l lustrating the large degree of cultivar-strain specif icity found 

within the experiments. cultivar FLIP 85-105 fixed only appmximately 

40% of total N with native strains, but responled significantly t o  

hcmlat ion,  with strains 31 and 39 hpzwing the miasis to 

a p m x k a t e l y  80% efficiency (Figure 2.5.2) . Cultivar FLIP 85-82 

prcduced a highly ef f ic ient  synkicsis with native rkizobia and strain 

39, but fixation was depressxi by strain 31. 

Total N yield kg/ha 

1 

FLIP 83-88 ' FLIP 86-106 ' FLIP 86-82 ' 

Cultivars 

Z Soil derived N 

Ca-39 fixed N 

Ca-31 fixed N 

Unlnoc fixed N 

F i g u r e  2 . 5 . 2 .  i h i z o b i u m  s c r a i n  x h o s t  g e n o t y p e  i n t e r a c t i o n  
a f f e c t i n g  t o t a l  S y i e l d  and p r o p o r t i o n s  o f  
n i t r o g e n  d e r i v e d  Eron  s o i l  and f rom f i x a t i o n  
i n  c h i c k p e a .  T e l  Hadya,  1987/88. 



Ihe range of symbiotic mspmw to incaiiation is best sham in 

Figure 2.5 .3 .  IE 482 pmduced an effective qmbiosis with inaigencus 

rhizcbia (>SO% N derived fmm fixation), kut responded with increased N 

fixed an3 tntal N when imczllated. FLJP 83-98 produced high total ~ o p  

N, but at  the eqmse of soil nitrogen, frrm khich a ~ p ~ t e l y  60% of 

cmp N was derived in both W a t e d  and minaulated treabmnts. 

synbiotic efficiency of FLIP 84-28 with native rfLizabia was law, but 

increased dramatically with incaiiation tharrpl withart an aampnying 

increase in total amp N. Ihe two latter aaltivars the 

ability of the plant to -te for poor fiwtian by uptake of soil 

N, mas- symbiotic efficiency. 

Crop nitrogen kp/ha 

"O 1 Soil N inoculated 

Flxed N Inoculated 

Soil N unlnoculated 

0 Fixed N unlnooulated 

ILC 402 FLlP 03-98 . FLlP 84-20 

Chickpea cultivars 

Figure 2.5.3. Response of three cultivars of chickpea to 
inoculation in terms of total crop nitrogen 
yield and the proportions derived from soil 
and from fixation. Tel Hadya, 1987188. 



N i t m q e n  fiwtion data fnm 1988/89 experiment (a dry year) and 

international trials will further indicate the capability of chi- 

cultivars to fix N un%r varying agrrmnvironnents, ard quantitatively 

indicate the effects of M a t i o n  with selected superior strains. 

Ihe large degree of strain-cultivar interaction Wcated in these 

apeziwnts detmslmte that strain selection experimnts, ccoducted in 

soil, are an essential prerequisite to an M a t i o n  pmgratn. 

Dr. D. Beck. 

2.5.3. (hiclrpea V A ~  a e s  

Research on vesicular-arbiscular mycorrhiza (VAM) in focd legumes 

cmcentmt.4 in 1988/89 season on a field trial, which was set up to 

investigate, if- under field dtions- a mycorrhizal crop differs in 

Pupta)ce, graJth and yield fmm a -zal cmp; mdel crop was 

chickpa as in previous experhnts. 

In general, all arable soils are m a t e d  by VA-mycorLi-Lizal 

fungi. 'Iherefore this indigenrrus @ation in the field first had to 

be elimimted (by soil sterilization with WZCMET) to g r c x ~  a mycorrhiza 

- free cmp - the respective mycorrhizal cmp ms established by 

m a t i n g  the plants grnwn on sterilized soil with iniigencus X4- 

mycorrhizal fungi. 

A t  flawerh~ stage the sprirq scwn chickpa cmp gzrx~n on 1-P 

soil s h a d  a strong m e n c e  on VAM; P-uptake and shoot bia~ss of 

plants as VA-mycorrhizal root le@h hcmased - unaffected 
by the total rcot length/plmt (Fig. 2.5.4) .  



Phoaphorua 
uptake/plant 

rootlength (rn) 

14 20 25 28 

Total rootlength (m) 

Phosphorus uptake as a function of total vs. 

Plants fertilized with P (60 kg P/ha) shuce3 no significant 

depemhm an either W z a l  or total root length. Unfertilized 

(and VAM-Mated) plants with an extensive mycomhizal mot  system 

had a Puptake and shoot biamass similar to Pfertilized plants. But 

increased P-qtdke or bianass at flcwerirg did not reflect in higher 

seed yield. 'Ihe spring xkm cxq suffered fran severe dra3Fpt during 

pod filling - it was follnd that variation in seed yield therefore 
depxkd mDstly on the root dmsity in the subsoil. One should expect 

that winteracrWn cmp can utilize an early advantage in gmwth better 

as it is less affect& by terminal dmight. 



It is concluded that a chi- crcp can benefit significantly 

form VAM, when the P-availability i n  the so i l  is l ini t ing crop gra;rth. 

Mr. W i n  Weber, and Dr. M.C. Saxern. 

2.6.1. JWaluati.cn of spring sma'~ chickpa far bxqht tdL- 

In the Mediterranean basin (North Africa, West Asia and South Europe) 

ra infal l  is during the w i n t e r  mnths; but &&pa is normally sawn in 

spring bemuse the traditional varieties are susceptible both to 

asccchyta blight ard cold. 'Ihe cnp therefore depends mainly on the 

ccmsemed misture which is prcgressively depleted with cmp growth. 

Fmn l a t e  vegetative stage u n t i l  maturity the crop experiences ever 

increasing evaporative &nard because of develapnent of high leaf areas 

and high tenpemtures. 'Ihe spring sum chickpa crop, therefore, 

aperiences considerable d?mi@t stress am3 prcduces low yield. A 

sh3y was init iated to identify i n  spring sum chickpea attributes that 

colrtrihte mst to high aTd stable yield urder d m q h t .  The a t t r i tx tes  

identified s h d d  pennit further inpweuent i n  yield i f  misture 

supply is +roved. As in  the previaus seasons, a l inesource 

sprinkler system was used to create a so i l  moisture gradient which 

permitted evaluation of genotrpic response to variable misture supply. 

?tfenty d i m  chi- cultivars differing in origin, phenolcqy, seed 

size,  gmwth habit, height and yield were used. ?he ai l t ivars  included 

both desi and k a b d i  types, ard landrdoes and rrosses made a t  ICARDA. 

lhe season was drier than normal and the rainfed cnp exprienced 

greater drmght stress than would be e p r i e n c e d  in normal years. 



-1cqy: ?he nuu&r of days f m n  sawing t o  d i f ferent  @emlogical 

stages varied m r g  genotypes. ICC 82001 flawered earliest, followed 

by ICC 4958, Annigeri, IIC 1272, IIC 262, ILC 1929 and 102 10991. FLIP 

84-80C, FLIP 83-4C, FTZP 85-49C and FLIP 83-2C were the last to fl-. 

m s  c lea r ly  indicates that a m a q  the lines tested material hrm India 

are ~ a r l y  fl-ing and the land races fma the Medi- basin 

intemdiate and ICWX crosses a m  late fld~ering. In the driest 

treatmnt, there were  less variatims i n  time to maturity amcng the 

geno typeSfmtheMed i t emanembas inandc ros se smadea t I~bu t  

the material fman M i a  were w l y  (Wle 2.6.1) . Irrigation delayed 

maturity. 

Table 2.6.1. Number of days f m n  sawing to di f ferent  stages of 
developnent of &&pea s a ~ n  on 26 February, 1989 a t  Te l  
Haaya. 

ram f m  Sowincr to 
Maturitv 

Genotype F1- Rainf ed Irrigated 

IIC 100 12 57 80 96 
IIC 262 12 52 77 95 
IIC 464 12 56 80 96 
IIC 623 12 56 83 96 
IIC 624 12 56 81  96 
IIC 1919 11 54 81 92 
IIC 1272 11 51 77 95 
IIC 1929 12 52 75 89 
IIC 1930 12 56 80 92 
K - 850 12 58 83 92 
FXIP 82-73C 12 57 80 96 
FLIP 83-2C 12 63 79 92 
FLIP 84-80C 11 59 84 97 
FLIP 85-4C 12 62 80 97 
FLIP 85-49C 11 62 85 99 
ICC 4958 12 48 76 92 
ICC 10448 12 56 79 89 
ICC 10991 12 53 79 92 
Ia3L 82011 11 44 67 84 
Annigeri 12 51 76 92 



Effect of water deficit an yield: The yields in the driest treatment 

(280 ma moisture w l y )  wre very 1m brt varied s igni f icant ly  

(P < 0.05) amxq the cultivars, w i t h  seed yie ld  q i q  fmn 0 kg/ha in 

FLIP 83-2C, FLIP 84-8CC ani FLIP 85-4C to 635 kgpm i n  ICC 4958 and 658 

kg/ha in Annigeri (Table 2.6.2) . For straw yie ld  t h e  range was f m n  

630 lcg/ha in Annigeri to 1885 kg/ha in FLIP 84-80C. B i o l q i c a l  y ie ld  

ranged fmn 781 kg/ha in IcC 10448 to 1885 kg/ha in m;rP 84-8OC (Table 

2.6.2). 

A l l  variables measured were correlated with seed yie ld  and the 

inpOr+ant correlat ions are shm in Table 2.6.3. In the driest 

trea-, a r l y  @w~~lcgy to be the nnst important a t t r i b u t e  

for high seed yield. l'tte results also Mate  that cniltivars that 

give high seed yield in the dry treatrent are also respnsive to 

increased moisture supply (Tables 2.6.2 and 2.6.3). 

The methoaolcay of Bidinger & a (1987) f o r  terminal stress i n  

pear l  millet was follcwed fo r  further quantification of respnse of 

genotypes to dnxght stress. T h e  apprcach takes into a c a u n t  the t h  

of flawerirq (F) and potential  yield (Y1, non stress yield)  to predict 

the yie ld  wt3e.r stress (Yo) as s h m  by the fo l lming  equation: 

Fmn the aknre the druqht rcqxmse irdex can be calculated as f o l l m :  

respm h l =  
- - yo - yo 

(standazd residual) Stan;lard error of Yo 

where Yo = stress yie ld  
yo = rqression estinmte of stress yield 
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Table 2.6.3. Correlations between seed yield in the driest treatnwt 
and sane traits in spr- sawn chickpa, Tel I-ladya, 
1988/89. 

!l?am 
Days to fla~er -0.61*** 

Days to mature, driest treataent 

Straw yield (w) driest trea- 

S e d  yield (kg/ha) wettest trea- 

l he  results shwd that time to fl-iq' and yield potential 

aammted for 66.5% of the variation in grain yield. 'Lhe drought 

reqcnse index (EN) was designed to provide an estimate of ge~typic 

response to draqht stress. For the identification of susceptible and 

tolerant genotypes, a threshold value (standard residual = CWI) of 1.3 

was CIIOSM, as it seleds genotypes in the upper and lawer 10% of the 

mnml distribution of the stress yield. A genotype is considered to 

have m (zero) respmse to stress if the mcted yield value in the 

dmught stress treatment is within the limits of 1.3 DRI; and has a 

real (non-zero) response if the value is > 1.3. A positive sign 

irdicates that a genotype performed better than apzted  and a negative 

sign inlicates that a genotype performed prer than apztd  (Table 

2.6.4). The results shm that the measured yields in stress of 17 

dtivars were adequately estimated by their time to flawering and 

yield ptential (non stress yield) (Table 2.6.4) . 'Lhe remaining 

aiLti~arS (ICC 4958, ANligeri and ILC 1272) had a different mspnse to 

stress. 



Table 2.6.4. Ennqht respanse index (tRI) for see3 yield of spr- 
SXTI chi - .  T d  Hadya, 1989. 

Genotype WI G=w'2Pe CRI 

ILC 100 
ILC 262 
IIC 464 
ILC 623 
IIC 629 
111: 1272 
IIC 1929 
ILC 1930 
FLIP 83-2C 
FLIP 84-80C 

FI;IP 85-4C 
FIJP 854% 
ICC 4958* 
ICC 10448* 
102 10991* 
ICCL 82001 
?maGEm* 
K-850 
II1: 1919 
FLZP 82-73C 

* D e s i  type. 

Seed yield W i n e d  fran the driest treatment was regressed on 

seed yield potential (mn- yield), time to flawerbq am3 LRI 

for evaluating the rmtrjkutions of each of the three factors i n  

explaining grain yield under stress. Time to flowering was the major 

factor, explaining 67% of the variation in  yield in the stress 

treatment and pcrtentia.1 yield explained 35% of the variation. DRI 

e ~ p l a n e d  26% of the variatim in stress yield, despite the fact that 

17 cut of 20 genotypes had DRI values less than 1.3. 

Same of the capmnts of yield measurc?d were correlated with m, 

so as to determine whether they are advantdgec~s under stress than 

others (Table 2.6.5) . '&ere  we^ significant correlations beheen LXU 

and pods/n? and d / n ?  on the other. ?his irdicates that the ability 

to produce a large rnrmber of seeds or pods@ under stress was a gocd 

d c t o r  of a law sensitivity to Wt. 



Table 2.6.5. Correlation of drc#$~t resporrse index and yield 
amponats m a s u r d  in the stress. 

P r h I y  branches/plant 
Straw ield/rr? S -/ 
-/pod 
-h+ 
100 seed weight 

E f M v e  nxkiq depth, c r q  vater arxl mter me effi-: 

Spring as menticned earlier depends on stored water. 'Ihe 

availability of the s t n r d  misture depends on the ability of the mot 

system to explore the soil profile d extzact it. In this study 

changes in the mxhm depth of wter extraction, sanetimes referred to 

as effective moting depth were ewmined in all genotypes in the driest 

ard wettest trea- ard results of sans of the genotypes are given 

in Figure 2.6.1. The general pattern was similar, as the season 

pmgmsd, water urns extmcted further dua-~ the soil profile. l?~ 

maxinum depth of water SRract icm, hmzver, varied emq the genotypes. 

In both the driest am3 wettest treabmts, IIC 1919, ICC 4958 ard 

ANligeri extracted water at greatest depth than other genotypes. 'Ihe 

latter two gawtyps  were shown earlier to have rsal respcaw to 

drcllght other than thmogh @emlogy ard yield potential Table (2.6.4) . 

Table 2.6.2 shms total mter use (Q) ard water use efficiency of 

14 ailtivazs. In the dry treabmmt tatal water use ranged fmn 133.2 

mn in ICCL 82001 to 162.9 mn in Annigeri. For seed yield, the 

follawing early f1-hq lines had high water use efficiency (W) : 



Eitectlve rooting depth (cm) 

Mar h r  May Mar Apr May 

Irrigated 

\ 

, 1 1 :: z 
'05 -1 ;k- ILC I919 

1 +& FLIP 85-4C 
120 _) 

I - ICC 4958 
I 

Figure 2.6.1. Effective rooting depth of five cultivars of chickpea under 
rainfed and irrigated conditions; Tel Hadya, 1988189. 

ICC 4958, ICCL 82001 and Annigeri (Table 2.6.2). It may be recalled 

that berth ICC 4958 anl Annigeri had high drw@t respolw index. 

OmAusicn: me d t s  of the last three -rs of the s b l y  shm 

that in rainfed sprim~sawn chickpea, one of the major detemhants of 

high yield is early flcwering, associated w i t h  phenological 

plasticity; the latter p n n i t s  the crop to e n d  positively when 

moisture supply -is hmeased. The results also in addition shawed that 

other than earliness and potential yield, xme cultivars e.g.  ICC 4958 

had different reqmnse to dmqht. These cultivars had deep root 

system, which possibly peldtted the rrop to continue exb3ding water 

late in the season. Genatypes that different response t o  



e t  w i l l  be investigated further dwing the 1989/90 season to 

determine the mechanism of their resistance to  druqht. 

2.6.2. yield respc~se to increase in mistme su~ply 

aE 1- sprinkler systw, by *lying misture gradient, 

pnni t ted  scmenbg genotypes for their response t o  increase i n  

misture supply. Seed yield of all 20 cfiim d t i v a r s  showed a 

linear increase w i t h  the incnase in mistme received (Figure 2.6.2). 

'Ihere were,  hawever, significant differences ammg the genotypes in 

their response. lhe lrpst v i v e  cultivars were ILC 1272 (9.57 

kg/h/mn), K 850 (9.38 W l m l ) ,  ILC 1929 (9.27 kg/h/lml), 102 4958 

(9.24 kg/ha/m) , I K  1930 (9.19 kg/h/mn) ard IU: 262 (9.09 kg/ha/mn) ; 

and the follcwirq were least responsive to increase in moisture supply: 

FLIP 85-4C (3.10 kg/ha/mn), FLIP 85-49C (3.31 kg/ha/mm) ard ICCL 82001 

(5.01 kg/ha/mn). 

S t r a w  yield in all the dtivars also exhibited a linear 

relationship with the amxlnt of misture received. The genotypic 

differerrces were again significant. m P  85-4C (a l a te  fl-iq line, 

w i t h  very lcu response in seed yield to increased misture supply) w a s  

mDst responsive to irrigation (19.94 kg/ha/n) (Figure 2.6.2) . 'Ihe 

d t i v a r s  with high seed yield response to increase i n  moisture supply 

exhibited medium to lcw respnse in s t r a w  yield. 'Ihese included I E  

1272 (9.24 kg/ha/mn , K 850 (6.66 kg/ha/m) , ILC 1929 (8.22 kg/ha/nun) , 
IIC 1930 (7.93 kg/ha/nnn), ICC 4958 (8.42 kg/ha/mn). 

Drs. S.N. Silim, M.C. Sax-, and K.B. S-. 
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Figure 2.6.2. Relationship between moisture supply and seed and 
straw yields of chickpea. Tel Hadya, 1988189. 
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2.7. P Feasibility of Winter Saring 

A survey of 31 farmers in Syria dy, had s m n  Ctridqea during winter d 

spr~cmmprethancnehectareplotwasccnducted. W h t e P s m n Q l a b l  

ard olab 2 was present an 23 arrl 14 sites, rspectively.  ~~c 

return for 1988/89 based an the infonraticn collected during the Survey 

i sdmcninTable2 .7 .1 .  Ihegmssre+a~n~fran-Olablard 

Qlab 2 exlceeded the spring- local. Ihe cost of pmductim of 

wirttersown c f L i w  was higher than that  of spring- ~ - c p  because 

of exprx3ib.m cn weed cdzo1, but the expm3iture on other itens was 

nearly the same. After deduct- the mst, the net returns hrm Chab 1 

Table 2.7.1. 1988/89 cfiickpa bujgets based on yield data fmn 
f- cm-farm trials w i t h  large (>1 ha) plots 
and gxxlcmic swey of fanaers p m d ~ i n g  both spring 
d inprwed winter cmps in Syria. 

Spring Winter 
local (habl chab2 

NO. O f  fazmers 

seed yield (m) 
Sale price (S-) 
sale !dJE ~~) - [s-) 
Tillage 
s e e d a n d d i n g  
Ferti l izer 
weed control 
Imecticides 
Harvest -tiom 
?btal variable costs 

Profit 
Profit/cost ra t io  



a d  Chab 2 were 65% and 20% higher than spring-sum l d ,  

respectively. Because of dry weather the prductivity of Qlab 2 was 

very lw. 

Survey of w i n t e r  chickpea has been c a d x t d  for three years. 'Ihe 

margin of profit was rmch higher during the f i r s t  tm years. In 

general, it can be concluded fmn these surveys that winteracxYn 

chickpa not only pmduces 60 to  70% mre yield over sprinq-smn 

dckpa, but it is also 60 to 70% mre profitable to m. 
Drs. K.B. S-, T. NordblC8~1 and M.C. Saxera. 

!&e objectives of the chickpea quality project are (1) to screen world 

senplasm for protein C Q D ~  and awk.irq the, (2 )  to find out v a r i a ~ l ~  

usage of chickpa thmugh survey of the regim, and (3) to provide 

assistanoe to the breeding program to develop genotypes with imprwed 

seed quality. 

2.8.1. Protein antent in navly M c p 3  1- 

All new lines g n n m  during winter and spring were  evaluated for protein 

amtent .  ?here was little effect of season of sowinq (Table 2.8.1), 

protein content was 22.82% during w i n t e r  and 21.55% during spring. 

But, whereas only five lines had less than 20% protein a m t e n t  during 

w i n t e r ,  70 lines had less than 20% protein amtent during spring. 

Further, there were five lines havinq mre than 26% p-in content 

when the matieral was grown during winter as against during 



spring. Majority of the lines had protein amtent between 20 and 24%. 

Lineshwinglessthan2O%prrrteinamtmtarerejecrted. 

Table 2.8.1. Frequency dis t r ih t ion  of protein content in lines s c x ~ n  
in w i n t e r  and spring at Tel Hadya, 1988/89. 

Class Winter S r i n a  
No. % No. % 

a/ Diffezrnce in rarmber of entries tested during winter and sprirq is 
because many lines did not prcduce any seed in spring stun crop. 

2.8.2. of season cn prawn acntent 

-i.sons were made betwen protein amtent of the entries gmwn 

during w i n t e r  ard sprirq in two years. me 1987/88 the season was wet 

(504 mn of anwal  precipitation) and the 1988/89 season was dry (only 

234 mn precipitation) . ?he results are sham in Table (2.8.2) . In 

general, there was m cliff- between the protein content in the 

material gmwn e i n g  winter or  spring, tut the seasonal supply of 

moisture had an infl- on protein content. 'Ihe amnunt of protein 

m R e n t w a s h i g h i n t h e d r y s e a s o n t h a n i n t h e ~ t s e a s o n .  

Dr. K.B. S h g h , M r . H .  Nakkod, andDr. P. W i l l i a m s .  



Table 2.8.2. Mean protein a m t e n t  of the entries grnwn in two 
seasons (w in te r  an3 sqrirq) and two years (1987/88 
Ma 1988/89) at Tel Hadya. 

Y e a r  NO. of 
entriea 

Season 
winter -ins 



Average lentil yields are low because of poor cmp mrngenmt and the 

lm yield potential of laxkaces. In Scuth Asia and East Africa 

diseases are also a major constraint to production. A c o J ~ l y  an 

htegmted approach to lentil i n p r w a m t  is be- pursued at 1- 

covering the developwrt of bath h p m e d  praluction technology and 

genetic stocks. A him priority has keen placed on researd on lentil 

harvest mechanization system to reduce the high cost of harvesting by 

h a d  in the West Asia and North Africa region. Aqmnanic research to 

dwelop inproved production practices is axductel in coodination with 

the Farm Resource Managemnt Program, and is extended to the region via 

the International Testing Network. Increasing the biologically-fixed 

nitngen in the wheat-based wirq system is the aim of activities in 

Fhizabiun re=ard~ and a weevil control. 

3.1. Lentil Breeding 

Lentil breeding at ICARDA fcmses on three contrasting agrc-emlogical 

regions. 'me importance of the regions in terns of lentil production 

and the allmation of rsamxs in b- are sumnarized together 

with the respsctive breeding aim in Table 3.1.1. 

3.1.1. Base p.tqm~~ 

3.1.1.1. scheme 

The bred- program is divided intn streams diredd toward the three 



taryet agrwcolcqical zones menti& above. A description of the 

sdwm of bmediq was given in the ICXUIA Annual Report 1985. 

1 3.11 Major wet agro-ecological regions of pmduction of 
lentil tqether with the allocation of rexxuws in 
b m d h g  andkey breeding aim. 

Region % of lentil area % of Key * c b r s  
in developing resamxs for recanbination 
cavltries 

Mdibzaman 24 
lay to meaim 
elevation 

S. Asia and 
E. Africa 

Him elevation 14 

75 Biawass (sead + straw), 
attrikutes for 
mechanical harvest, 
wilt resistance, 
dmught tolera~z 

20 Seed yield, early 
maturity, resistance to 
rust, ascochyb and 
wilt 

5 Biomass, winter 
hardiness, attributes 
for mechanization 

pgpmximately 300 sinple crosses are made annually and hardled in 

a bulk-@gee system using off-season generation advaxamt. 

Segregating populations +iuqeted for the diffewlt regions are 

distributed with -is placed cm relevant m i n t s ,  providing 

bme3i.q material for rational prograns for selection and cultivar 

developmt a. In the M e d i m  area selection for rspllse 

to varied misture supply is cmk&d at ICARIlA stations in lebanon 

and Syria. Lines and segregatiq m a t i o m  with specific c3mrackx-s 

are supplied tlraqh the International Testhg Network (3.1.1.3. and 

7.2). 



3.1.1.2. Yield trials 

Selecticms f m  the b w  program for W e s t  Asia ard North Africa are 

tested in pMiminary ard advanced yield trials a t  three locations 

varying in their annual average rainfall ,  d y  Breda ( a ~ m ~ a l  average 

rainfall  total 281 n) and Tel Hadya (328 mn) i n  Syria and Terbl (545 

mn) in Lebamn. the 1988/89 season the rainfall  was 

ccnsiderably helm the lor~~-term average a t  all sites with 174.6, 229, 

an3 343.6 mn received up t o  harvest a t  Breda, Tel ard -1, 

respectively. Y i e l d s  followed the rainfall  gradient with mean yields 

of biamass a t  lkrbl, Tel Hadyaand Ereda of 4.4, 1.5, ard 1.2 t/ha, 

respectively. A similar pattern was &served for seed yield with mean 

yields of 1236, 270 ard 161 kgfha realized a t  the saw= sites. 

A ,summy of the results of the yield trials is given in Table 

3.1.2. For seed yield the percentage of lines significantly 

artyieldirq the best check was 5, 10 ard 18% a t  lkrbl, Tel Hadya and 

Breda, respectively. A him percentage of test lines m l y  ranked 

abare the best &eck for  seed yield, d y  21,  28 an3 29% a t  Texbol, 

Tel Hadya an3 Em%, respectively. The season 1988/89 was partiollarly 

dry an3 mld  ard & 'Aese extreme conditions it is of inkrest that 

a Iwmmable pmporticm of lines a t  least ranked above the best check 

a t  all sites. 

Drs. R.S. Halhixa and W. Erskine. 



Table 3.1.2.Rsults of the lentil yield trials for seed (S) and 
bic~nass (B) yields (kg/ha) a t  three contrasting rainfed 
locations; Wxbol (Lebanon), lkl Hadya and Blreda (Syria) 
during the 1988/89 season. 

Number of trials 14 14 15 15 12 12 
Mrmber of test entries* 302 302 347 347 264 2 64 
% of entries sig. (Pc0.05) 5 10.3 10 11 17.8 2.7 
exceeding best check** 
% of entries ranking abave 21 31.8 28 28.5 28.8 23.5 
best checJc (excluding above) 
Yield of top entry (kg/ha) 1666 6000 538 1933 401.5 1853 
Check man yield (@/ha) *** 1387 4422 321 1590 192.7 1277.5 
kcation mean (kg/ha) 1236 4442 270 1511 160.9 1211.5 
Faye in C.V. (%) 5-12 5-12 6-23 6-18 15-30 7-16 
Mean acivantage of lat t ice 121 118 105 108 124 125 

design wer RBD 

* Entries ccmnn over lccations. 
** Iargeseded checks: ILL 4400 long-term, Idleb 1 inp,roved; 

Small-seeded checks: ILL 4401 long-term, 78S26013 hpmv63. 
*** Improved checks. 

3.1.1.3. rurseries 

The len t i l  international breeding nurseries have evolved fmn the stage 

of provision of yield t r i a l s  t o  the supply of a wide range of crossing 

blocks/resisbnt mures ,  segregating m a t i o n s  and yield trials for 

each of the three major target agro-ecological regions of prcdudion 

(Table 3.1.3). 

C u r  strategy is to enaxlrage national breeding prograns t o  

u x h t a k e  mre selection locally within segregating populations. 

Accordirqly we have launched three new targeted F3 museries capris ing 

segregating popylations fman cnsses w i t h  prents with the specific 

traits listed in Section 2.1. Ihese new nurseries are - 1, d l -  



seeded and 2, large-sedd for the Msditenamm environment and 3, 

winter hardy for the highland environment for a winter sawing. In 

addition a FWariun wilt nursery was also initiated this season. 

Table 3.1.3. Lentil international brea3irq m r s y  prcgram shawing target 
regions ard type of material for dlstrjlxlticm. 

lype of nursery 
Medi- Lower High 

lm-msd. elevaticm latitudes elevation 

Qossing blocks/ Tall nursery Ascahyta blight Cold tolerant 
Resistma? saurzs m e  seeded nursery nursery nurSery 

Small seeded nursery Early rolrjery 
Wilt nursery 

Sesresating ~3 nursery- ~3 nursery- * ~3 nursery 
m a t i o n s  large seeded early cold tolerant 

* q nursery- 
smallseeded 

Yield trials Smallseeded trial Early trial 
Large-sedd trial 

A s ~ p ~ l y  of the d i s t r i h t i o n  of the nurseries of lentil and 

hiwi*ts f r m  their results my be f d  in Section 7.2 of the 

International Testing Program. 

Drs. W. Erskine, R.S. Malhotra and M.C. Saxena. 

3.1.1.4. Sxxnhq far  vascular w i l t  res' ,' 

'Zhe mjor  fungal disease of lentil in the Mediterranean area is 

vascular wilt. S a e e n b g  for resistance to vascvlar wilt caused by 

Fusarium oxvsmrum f .  sp. w s  continued in the plastic house using 

the method developed in the 1987/88 season (FLJP Annual Report 1988). 

A total of 130 lines were xceemd for their wilt reaction in the 



1988/89 season. ll-~ lines were rated cn a 1-9 s a l e  w i t h  rating 1 = 

resistant and rating 9 = al l  plants killed. Four lines shawed ratings 

< 3 .  Ihemostresistantlinesinthisseedlingtestwillbemsreemd 

in an adult-stage screening trial next -. 

The most resistant lines in the seedling test of the 1987/88 

season were screened this year in pots a t  the adult stage to evaluate 

resisbme a t  differwt stages of growth. Sane lines were resistant a t  

both the seedling and the adult stages. These resistant lines have been 

shared with national pmgranrs in the form of a newly launched Lentil 

International M i u m  W i l t  M u s a y .  Hcwever, there were indications 

that sane l h  w i t h  seedling resistance were susceptible as adult 

plants. The  differential rac t ion  to vascular w i l t  a t  various stages 

of gru+th w i l l  be examhd in mre detail in the f- season. 

It has been possible to start r e l a t h  w i l t  incidence t o  crnp 

losses in the field using data f m  field t r i a l s  with a high incidence 

of vascular w i l t  damge berth in the re sea^& station and on farmers' 

fields. In one trial a t  Te l  Hadya in the 1987/88 s=ason the w i l t  

incidence ranged fnan 0-100% over 180 plots. The  maximum grain yield 

in the trial was over while in heavily diseased plots the grain 

yield was belm 100 kg/ha. lhere was a s t n q  correlation (~0.704) 

between w i l t  incidence (%) an3 grain yield (kg/ha). Straw yield was 

reduced by w i l t  incidence t o  a lower extent than grain yield (Fig. 

3.1.1). The regression of grain yield onto w i l t  incidence indicated 

that every 10% increase in w i l t  incidence led to a loss in grain yield 

of 112 kq/ha. In this trial of 30 lines 49.6% of the variation in 
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Figure 3.1.1. Relationship between wilt incidence and grain and 
straw yield of lentil. 

grain y i e l d  was due to w i l t  incidence. Fxpressing the result in te?n~ 

of cmp loss every 10% increase in w i l t  incidence gave a cmp loss of 

8.77%. T h i s  served as the basis of a lrndel of cmp losses fm 

vascular w i l t  which we test& with data fran t r i a l s  on farmers' f i e l d s .  

'Ihe first test of the rmdel was m data fm n  an on-farm trial at  

Efes, Syria in the 1985/86 season, where the w i l t  incidence over 4 

lines was f m n  2-70%. ?he mdel was tested by the relationship between 

the adual crop loss (%) and the crop loss (%) predicted by the model. 

'Ihe correlation between dxemed and predicted crop losses was ~ 0 . 9 8 3  

w i t h  a slope of b = 0.78 + 0.10. 



?he second test involved data fmn an on-farm trial in Syria smn 

at Taitanaz in the 1987/88 season with 5 lines showing a range in wilt 

incidemx of 0-40%. Pgain the relationship kbeen the ckeexed and 

the predicted crap losses was highly significant with a correlation of 

~ 0 . 8 7 8  and a regression slope of b = 0.89 + 0.24. 

Both tests of the model shawed the predicted yield losses f m  

vascular wilt incidence to be very close to the ckeexed losses 

indicating clearly the predictive value of the a. It now remains 
to test the wdel mre widely on other data sets for a wider validation 

and to test the limits of the &el. It will also be of interest to 

relate wilt incidence and nop losses to field inmulum density to 

extend the model. 

Drs. W. Erskine, B. Bayaa*, H. Ibrahim, R.S. Kdhotra, A. Fares*, and 

Hrs G. Hanati*. (* Alep University) 

3.1.1.5. Screening for Ascodqh blight ' ' 

A s c a h y b  blight on lentil is a major problem in farmers' fields in the 

M i a n  sub-continent and in Canada. Screening for resistance to the 

disease was initiated at ICARIIA (Tel Hadya) , whereas previous screening 

had always keen done in association with national prqrans, 

particularly in Pakistan. 

?he smeenhg was conducted in the plastic house with artificial 

idation on a total of 101 lines using a score of 1 - 9 with 1 = 

highly resistant and 9 = canplete kill. 'Ihe highest score over two 

replications was used to indicate disease reaction. 



The lodest saxe was 4 on a swle line ILL 6824, which was also 

fanr]. resistant i n  Pakistan this year. 'Item vere an additional 20 

lines rated 5, mxkmtely resistant. T h e  most resistant lines w i l l  be 

incluQa in the International kmchyta Blight Nursexy. 

Next season the mmker of lines to be screened w i l l  be increased 

considerably to embma all breeding lines w i t h  early maturity mted 

for scuthem l a t i M e s .  

M l e  the rntiornl program in Pakistan has continued to screen 

1- nuuh.rs of entries a t  Islamabad in the f ie ld  w i t h  a r t i f i c ia l  

inoculation. 

Drs.S.Hammik,R.S.MalhotraandW.Erskine. 

3.1.1.6. Variability in lentil gmvth habit 

lhe growth habit of l en t i l  is a key trait in  the selection of 

CUltivars for a mechanized harvest. mqAological analyses w e r e  made 

on 2 5  diverse lentil genotypes £run 11 countries sain a t  normal cmp 

density in tw~ seasons (1985-86 and 1986-87) in N. Syria to determine 

the pmenance of grain yield amxrgst branches and mdes and to assess 

the variation i n  plant Wtecture over seasons and genaDlpes. 

GraJth habit in lentil is stzongly affected by both growing 

environment, including cmp managemmt and genotype, an3 season. The 

seascns produced similar vegetative frames for the crop as a result of 

parallel grrwth up to flowering tine in April (Figure 3.1.2). 

Haever, there was a marked difference between the seasons in final 





yield with biological and grain yield varyirg fmn 3.7 - 2.8 t/ha and 
1339 -801 kg/ha, respectively. low yield resulted fran stress 

dur- the period of rep-ive growth due to the low rainfall in 

April an3 May 1987. The rainfall totals for April and May, 1987 were 

13 and 3 ma, whi& rep- cmly 39% an3 17% of the equivalent 

lay-term average data for the statirm. 

Despite the sesmal variability there was considerable genetic 

variation in plant axrhitecture. ' l ike variation w continuous for 

all &am&ers studied with the qamtyps exhibit* an irdetennhate 

brawhirq g r w t h  habit with a slender poorly-defined main stem ard 

little apical daninanm. T h e  plant dbgnms  (Fig. 3.1.3) illustrate 

saneextraoecontrastsamongstthegenotypes. lheyrangefmvery 

short (ILL 4605) to tall (ILL 922). TIE bm-&ing may consist 

P mdanhmUy of primary branches (ILL 468) or of secondary branches 

(IIL 922), althaugh usually the mmber of bran&es on primazy and 

seccadary systems is a~pruxhately equal. 'ihe early flmering and 

short genotypes (ILL 4605) had their pods -ted at lower nojal 

positions than tall and late lines (ILL 468 and 922). 'he tallest 

lines varied with resped to both node number and intemcde length. 

'lhus ILL 922 ard 4349 were the tallest lines with main stem lengths 

of 35 and 34 an respedively; however, ILL 4349 had developed 18 ncdes 

on the main stan with an average intermde length of 1.9 an in 

amtrast to 23 mdes with an average internode length of 1.5 an on 

ILL 922. The study shawed that there is sufficient heritable 

variability for plant architecture in lentil to allow the selection of 

types suited for harvest mdkmization. 



Figure 3 .1 .3 .  Diagram of average lentil plant of four lentil 
genotypes (A. ILL 468, B. I L L  922, C.  I L L  4 3 5 4 ,  
D. I L L  4 6 0 5 )  in the 1985186 season. Legend to 
the diagram is as Figure 3.1 .2 .  

The distribution of pods between the min stem, the primary 

branch system, and the seo>ndary and tertiary branches in lentil was 

d e d  for the first time and found to be unaffected by either season 

or genotype. 'Ibis arggestS that the distribution of pods - 17.5% on 



the main stem, 52.4% on primary b- and 30.2% on and 

tertiary branches - m y  be relatively constant at crop density despite 
large fluctuations in the total maher of pods. Half of the overall 

yield (49.5%) was held on the main stem and the basal two primary 

branches. It is clear fmn the lack of genetic variation for pod 

distribution that seledion for this trait will be ineffective. 

Dr. W. Erxikhe Mr W.J. Goodrih. 

3.1.1.7. Variation in l d  strmJ quality 

In the Middle East, lentil is cultivated both for grain and straw. In 

Syria, a farmer's revenue fram straw is -times greater than that 

fmm the grain. Straw enters both national and international trade as 

a livestock feed, particularly for sheep, m i b u t i n g  up to 20% of the 

diet of ewes fmn Nov- to February each year. lentil straw ca~nes 

fmn the traditional threshing p- and includes broken branci-~es, 

pod walls, leaflets and parts of the m t  system. We run an extensive 

breeding program to inrrease lentil seed yield. In view of the 

importance of lentil straw, the pmsible indired effects of selection 

for seed yield on straw quantity and quality need clarification. 

'me relaticorship between straw and seed yields has been examin& 

with the ojnclusion that continued seledion for a high pl yield 

would not adversely affect straw yields because of the pmitive 

correlation between the two traits. It remained to quantify genetic 

and seaxmal variation in straw quality and its variability amongst 

plant parts in order to fornudate an approach to straw quality in the 

breeding Program. 



Seasonal and genetic variation in the patential feeding value of 

lentil straw was measured in two seasons on eleven diverse 

lentil selections mr%r rainfed d t i c m s  in N. Syria. Digestible 

dry matter (CEM) was 46% in the 1981-82 season anl 43% in the 1982-83 

season. 'RLe -year interaction - squares for all straw 
quality pametem w e n  greater than their -ive genatypic mean 

squares indicating low genetic variation, as judged by laboratory 

wthods of assessing straw value, and a poor response to 

selection for ixpmed straw quality. 

In anather experiment, the partition of dry matter within the 

straw of s ix  selections was measured in one enviranwrt. Prqortions 

of leaf, branch, pod and root tissue within straw were 38, 34, 23 and 

5%, respedively (Fig. 3.1.4). 'Iheir mean values were 62, 36, 44 

an2 22%, respectively. The d t s  irdicated that variation in straw 

quality is largely &e to differences in the partition of dry ratter 

between plant parts. 

Leaf 
38% 

Leaf 
02 

Branch 

Branch 
Root 36 
5% 

34% Root 
22 

Pod 
23% Pod 

44 

Distribution of dry matter Diw~tible dry matter 

(%) (gfiOOg DM) 

Figure 3.1.4. Distribution of dry matter (%) and digestible dry 
matter (g/100g DM) in six lentil lines at Tel Hadya, 
Syria. 



The hplication for lentil b r e d n g  in view of the l m  genetic 

variation for straw quality is that a positive rsponse to selection 

for straw quality will be difficult to W i n  using laborntory methods 

of m i n g  straw quality. is still a need, hawwer, to test 

the fee3.i.g quality of lentil straw fmn different genotypes in vivo 

before entirely dhamking the possibility of inproving lentil straw 

th.K=@ b e .  -is may nm be placed on defining 

emrimrmental/ cultural factors influencing straw quality in preference 

to work on genetic variation. 

Dr. W. Erskine, Mr S. Rihawi, Mr H. Nakkail and Dr B.S. Qpper. 

3.1.1.8. Single plant selection for yield in lentil 

% &di- lentil has M i l s  which cause inter-plant 

entaqlement within the crop c a n q y  at no& plant density (2200 

see%&). Plant selection for yield in this environment is 

problantic because the hi@ plant density and canopy entanglement 

make an asessm& of the yield capacity of individual plants 

difficult and their harvest frequently results in broken branches. 

Pmblems asscciated with single plant selection for yield at crop 

density in lentil led us to investigate the respcolse to plant selection 

urdertaken at a rarqe of plant densities and selection methods to 

provide guidelines for the bresdhq progmm. 

Visual plant selection for yield was axpared with randm 

selection in the F5 at three plant densities Dl, D2 ard D3 (66, 133 and 

200 seeds/$ respectively) by an evaluation of F7 progeny yields over 



two seasons in two  poplatiom of lentil. Randam plant sampling was as 

effective as visual plant selection in isolating high-yielding F7 lines 

(Table 3.1.4). The plant density of the selection env- did not 

affect the response to selection. T h e  correlaticms between the seed 

nrmber of seleded F5 plants and the man yield of their F7 progenies 

were r = -0.26 and -0.06 in two pqulations, indicating the lack of 

positive response to plant selecticm for seed mmber. 

The results clearly shaw that randan plant sampling for seed yield 

in the Fg was as effective as visual plant selection and counting the 

seed after harvest in prducing high-yielditq F7 prqeny lines. This 

disnisses the 'art' in plant selection for yield in lentil. Random 

plant sapling is less t- anl mre econcmic than the other 

methads of selection. Consquently, it is m a l  for lentil. 

Additidly, as the plant density of the selection envimrnnent did 

not affect the efficiency of the selection, so segregating popvlations 

for plant selection should be grim at a plant density that avoids 

inter-plant entanglement by tendrils. In this selection environment it 

is then possible to focus plant selection cm cham* other than 

yield with importance to the breeding program with a higher 

heritability than yield such as seed and phenolqical traits and 

attrikrtes such as plant height and lcksest pod height which are 

i np r t an t  in harvest mechanization. 

Dr. W. Erskine, Mr J. Isawi & the late Dr. K. Mascud (Aleppo 

University). 
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3.1.1.9. in lentFZ 

The successful use of hybrid &ti- depn3s upcn the existence of 

an economically significant level of heterosis, sufficient 

crrrss-pollination to lMke hybrid seed pmdwtion cost m t i v e  and 

an efficient and reliable system of prod~~irq the female parent of the 

hybrid. 

H e m i s  in lentil was masum3 over tm seasom at czop density 

on 50 hybrids involving 34 parents frcm 15 ccuntries. This level of 

diversity maximized the possibility of heterosis a high 

probability of the existence of different -1-, m-allelic 

loci conferring fitness. However, overall there was no significant 

heterasis for grain yield above the better parent. 

'Ihere was, haever, variation wer hybrids in hetenxis and 10 

cmsses out of 50 showed significant hetenxis for grain yield wer 

the better pan& read-~ing a lMximum of 74% in one hybrid. The ten 

hi* yielding hybrids gave 22% heterosis over their better parents. 

With mked variation in heterosis it would be possible to select 

parents for gocd ccmbining ability for yield. Hawarer, the 

correlation of heterosis above the better pan& with better parent 

yield was negative and siqnificant (r = -0.437). Clearly, averaged 

over all cmsses, hetensis was greatest for hybrids with low yielding 

parents and least for those with high yielding parents (Fig. 3.1.5). 

The -loitation of hetenxis requires a suitable system for the 

p?xiu%ion of the female parent. Lentil has a perfect flclwer that is 



Yield of better parent (g/plant) 

V.V 

-50 0 50 
Heteroaia (b.p.) (%) 

Figure 3 . 1 . 5 .  Heteros is  ( X )  above the b e t t e r  parent (b .p . )  of 50 
l e n t i l  hybrids shown with  the  y i e l d  of t h e i r  b e t t e r  
parent averaged over two seasons a t  T e l  Hadya, Syria .  

small and fragile. Male sterility has not been leported in lentil, 

is unler investigation (Mwhlbuer,pers. aamn.) . Another 

possibility is the use of chenical hybridizing agents (CHA). Ihe 

successful use of such agents is, lnwaver, o m ~ t  upon 

synduoncus fla~er develqment in the uq and as lentil has an 

indeterminate fl-ing habit CHA may be difficult to use 

effectively. The lentil flower is cleistogamous with 

self-pollination usually -ing prior to fl- opening. ?he 

h i m  recorded lwel of cross-pollination is belaw 1%, but the 

method of transfer of this pollen between fl- is not k m .  lhis 

law maximrm value of crc6.s-pllinaticm is prcbably insufficient to 

produce hybrid seed, even if the f d e  parent were available. For 



these reasans, despite the demonstration of significant heterosis for 

yield in sane cmssg, it is unlikely that hybrid lentil cultivars 

will be exmanic t o w  in the fomseeable future. 

Dr. W. Erskine,MessrsA.S.  Gil1,A. OzfianardC. mstrana. 

3.1.1.10. (Mcrossing estimate and vanatxn . . far qualitative 

d n m c b z z  in lentil germplasP fnn I\nkey 

A major -is has been laid at ICAWYL cm &-dying the variation in 

the germplasm of the cultigen as a key to future asp hpuvement. A 

shxly of qualitative variability was undertaken to ccmplenmk previous 

resead~ on quantitative traits with the aim of 1) estimating 

outcrossing using a mltiloms nodel; and 2) quantifying variation in 

isoymes ard mqhological traits to allm modelling of the effect of 

varicus ways of developing 'core collections' of gemplasm. A core 

collection is a representative Mrnple of a larger gemplasm collection, 

made to facilitate the use of the collection. 

Gernplasm accessions fran three amtries - Chile, Greece and 
Turkey - were studied. But the results fran mrkish lentils alone are 

described herein. 

'Ihree nuzphological hits were w e y e d  together with 18 isozyme 

system making a total of 21 loci surveyed. Overall 71.4% of loci were 

polymorphic with a mean of 2.1 alleles per locus. Allelic frequencies 

ard genetic diversity indices are given in Table 3.1.5 for ea& low. 

Ihe genetic diversity index (Gj) was calculated as 1 - R pi2 in which 

pi is the frequency of the ith genotype for the jth l-. Values for 



Table 3.1.5. Swmary of genetic variaticm a t  13 p ly l rn rph ic  loci in 50 lentil 
germplasn aooessicxn f r m  I\lr)cey. 

Genetic 
Allele d i v e r s i t y  

Gene nam Gene symbol A l l e l e s  f r q u e n c y  index (Gj) 

Momholwical  traits 

C o t y l ~  colour Yc Yc 0.626 0.468 
Yc 0.374 

seed oDat pa'Ct3SL-n SCp 0.794 0.337 3 0.179 
d 0.014 
ssJ" 0.014 

S M  w ~ X  G5 F 0.962 0.0735 
gS 0.038 

IS0ZVmeS 
6-Ft1c@xql-te d e h w  Eqd-1 a 0.466 0.498 

b 0.534 
PnosFhogl-2 -2 a 0.427 0.490 

b 0.573 
~s~arhte  amimtrarrc;f-2 Rat* a 0.376 0.478 

b 0.624 
Leucine aminopep t idase l  lap1 a 0.706 0.424 

b 0.274 
C 0.020 

Malic enzyme-2 

Gj ranged frcm 0.498 for 6-PhcsFhogl~~~~te deb- dawn to z e m  

for the nommoqhic loci. 

Isozyms are Fnheritd codcminantly and heternzygotes are 

directly identifiable allwing estimates of cutcrossing. A total of 10 



cut of 498 plants were heteroqyotes for one or m ~ r e  loci, giving the 

percentage outmcssirq of 2.0%. Using a -ti-locus the 

probability of directly observing mkmsses (la) was estimated as 

0.942, an3 a nultilocus estimate of -ing mte in which 

a q m s a t i c m  is made for  n o n ~ l e  was 2.1%. 

Drs. W. Erskine and F. J. Wuehlbauer, Washh$m State University, USA. 

3.1.2. Use of gemplasm by NAR% 

3.1.2.1. Advanzh; for the Malitsmamm rqkn 

?he ICARIlA base program provides segkgating poplat icas  an3 breeding 

lines to ~ t i o n a l  pmgrams in North Africa an3 West Asia for 

elevations belaw lOOOm around the Mediterranean Sea. To date, more use 

has k e n  made of lines than segregating p p l a t i o m  and very few 

crc6ses are made in the region outside 1C;AROA. 

Table 3.1.6. lists lentil lines released as azlt ivars or selectee? 

for prerelease  nniitiplication by NAFSs. 

In Syria the line 78S26013 (ILL 16) w i l l  be d t t d  to the 

Variety Release camittee on the basis of its hpmved grain yield of 

16% wer the local check (Table 3.1.7), superior resistance to 

Fusariun w i l t  and its starding abili ty,  an important attribute in  

harvest mechanization. This w i l l  be the first red-cotyledon l en t i l  

registered i n  the cmmtzy. 



W l e  3.1.6. Ientil lines released as cultivars (mderlined) or in 
prerelease nultilplicaticm by NARSs. 

Mediterranean x w i w  

Algeria 

Iras 

Jordan 

lebanon 

Morocco 

Syria 

W i a  

&ch elevation area 

n=-kw 

S. Latitudes 

EsYPt 

Ethiopia 

Nepal 

Q!&?s 

Australia 

QMda 

Chile 

olina 

Ecuador 

Jordan 2 and 3 

JJL 4605, ILL 6002, ILL 6209, 
ILL 62U 

IIL 4605 

ILL 358 

IIL 2578, Im 4402, ILL 4404 

ILL 2573, ILL 4605 

84-8OL 

m a n  head 

Cerrtinela-INIA 

FLIP 87-53L 

INIAP 406 



Table 3.1 .7 .  Mean seed yield (w) in on-farm trials waded with 
ARC (IBm) fmn 1982/83 to 1988/89 in Syria. 

Seasan 
Esltrr 

Huranil 78526013 Advantaw over No. of 
(m -1 chess ($1 sites 

In Lebanon the - dl-seeded, red cotyledon line 78826013 was 

released to  farmer^ as 'Tdlya 2' during 1989. 

In Jordan two lines are in pre-release rmltiplication - 'Jam 2 

ard 3'; the latter k 78826002, previously released in Syria. 

Increasing government focus on the pmductim of food legumes in 

Iraq has resulted in the identification of 78826002 and 78526013 for 

pre-release nultiplicatim. 

prosress by NAPSs in North Africa is detailed in Section 7.2,  W 

brief refereme to highli@ts is given herein. In Tunis two lines, 

mP84-103L and 78S26002, have hen identified by the national pzrgzain 

for pre-release nniitiplication as a suppl-t to 'Neirl and 'Nefza' 

already released. In Algeria the natioml p~~gram register& 'Balkan 

755' and 'I= 4400' during 1989 and both I= 468 and FLIP86-2OL Were 

selected for pre-release mltiplication. 



Lentils in MCJ- suffered a severe attack of rust for the secord 

sucoessive seam and nu& of the cmp was cbtmyed on farmers' 

fields. ILL 4605 was r e l d  in 1989 on the basis of its resistance 

to rust. It yielded 1380 kg/ha in oontrast to 100 k@a w i t h  the 

local a t  Sidi Law, where there was a severe rust epidanic. 

Follarirg the s c r e s h g  of breedirq nnterial urder n a M  epimytotic 

d t i o l l s ,  seveml lines (R;fP86-16L, m 7 - 1 9 L  and FIJP87-22L) were 

identified by the n a t i d  ~3l.ogrmn for pm-release rmltiplication with 

resistance to rust. 

National -culture W s a r h  Systens. 

3.1.2.2. khrarrms for sarthern latitude regicn 

mis region carprises the sub-continent of Irdia and Ethiqia %bere an 

early fl-irg habit is 1.- together with resistaxe to rust, 

m y t a  blight and w i l t .  The inportance of foliar pathogens 

ccPltrasts with other mjor areas of lentil production. 

In Pakistan AAFZL344 (ILL 2573) is being considered for release 

for the mrth of the Funjab fo1lowir-q several years of on-farm t r i a l s  

rim fmn Ayub Agricultural Feseamh Institute (AARI) a t  Wisalabad. 

Seed of ILL 4605 is hirq distributed to farmers in the National 

Qpital  m i t o r y  arami  Islambad. The following lines with 

rsistance to A s w c h y b  blight and Botrytis over the last few years a t  

the National Agriculture kseamh Centre (NARC) a t  Islamabad are be* 

evaluated further for yield p tent ia l  in Major and Adaptation Wials : 

ILL 1645, ILL 1677, ILL 1684, ILL 3614, ILL 5748, ILL 6005, ILL 6024, 

ILL 6025, ILL 6037, ILL 6458 and ILL 6472. 



The breeders at NARC, Islambxl and AARI, Faisalabad are both 

undertaking hybridization in lentil and mny pranking pzqeniies are in 

test. Additional material with a good potential mnes frcm crosses 

made at ICARW and supplied in the F3-F5 generation. 

Nepal more than 100,~O ha of lentil spread between the 

Tezai area adjacent to Udia and the Mid-Hills. The lines ILL 2578 

and ILL 4404 are bath in on-farm trials with ILL 4402 and also in pre- 

release multiplication. 

In EUliopia 'ILL 358' is under increase for distrikrtion to 

farmers as part of the Nile Valley Regional Prclgram. Several other 

lines have been identified by the Natid Program with resistance to 

rustandagwdseedtype. 

National Agriarlture Resear& Systens. 

3.1.2.3. for high alti- regian 

The hi* altitude region primarily consists of thcse regions of Im 

and Turkey where lentil is m l l y  .y as a ~ r b g  spring because of 

the severe winter cold. The national program of Turkey has clearly 

damstrated that winbr-scm lentil has a him yield patential than 

the springsown crop p r w i ~  there is sufficient w~~ in 

the mltivar. The line 1066-1, a single plant selebion made at 

Eskisehir fran ILL 854, is a largeseeded, red-cotyledon line that is 

being considered for release for winter sming. W e  launched a new 

nursery of F3 segregatirq popllations during the last season (see 

3.1.1.3). 

National Agricultural Sys- 



3.1.2.4. in othes arees 

In Australia the line -4-80L is be* &eased in the state of 

scuth Australia. 'Indian head1 ( ~ m  481) has been released in 

Saskatxxm, Canada as green manure cmp. The breeder at Sa)Qtoon is 

using ILL 5588 anl ILL 5684 in crc6ses as SOLUCS of resistance t o  

k a c h y b  blight, the key pathogen of lentil in Canada. Ihe mtional 

prupam of Chile has recently qistered rCentinela-INIAr (74TA470) as 

a new dtivar on the basis of its rust resistance. 

Another saxce of r u s t  resistaKz was  released in Ecuador in 1988 

'INULP-406' ( I n  4605). 

National ?qriculture Systaas. 

3.2.1. -tian of lentil to dmqht stress 

In the 1- to m i m e  elevation of West Asia and North Africa (WAN?+) 

lentil is smn between Deoen3ser and ~amaty in the 300-400 rmn d y e t s  

and hanrested in May. ll~ early stages of its vegetative gnmth is 

restricted by lw radiation and teuprature. Zhis W e r ,  is the 

period of increasing rainfall, lcw q r a t i v e  demml and increase in 

soil water cmtmt. With the onset of spring, the lentil crop 

experiences stronger sunshine and rapid rise in maxinum temperatures. 

Ihe rise in tenperature all- for the Welcprent of high leaf areas 

and amsquently high evapotranspiration. ?his period of high 

evaprative c k m x d ,  which in lentil cccurs at flower- stage, 

coincides with annual termination of rainfall. Despite there being 



sane reserve of soi l  moisture, it is rarely adequate to meet the crop 

needs, especially urder high prevailing tenpra-. 'Ihe l en t i l  crop, 

therefore, expriences considerable drought Stress, particularly during 

reprcductive phase, and produces law yield. 

The objectives of the present study are to identify in the crop 

thc6e attrikutes ( t rai ts)  that wntrikute mDst to high and stable yield 

UnderthedmUFpltstress. 

A f ie ld exprimnt was  co- a t  Bm3a (281 mn mean annual 

rainfall) under linesourCe sprinkler using 25 diverse lentil cultivars 

differing in origin, phenolcqy, yield and seed size. Ihe cultivars 

included both land races and cmsses made a t  IICARDA. In the rainfed 

treah-mt, repeated obsenmtions on vigour (-rded on 1 to 5 scale; 

where 1 was xst and 5 least vigo-, and as dry matter@), leaf 

c o l a  (recorded on 1 to 5 scale: w i t h  1 darkgreenand 5 light green), 

peroerrtage graxd m, plant height, cmp water use and m l c q y  

were collected: and a t  m a t u r i t y  biological yield and seed yields were 

measured. 

In a -rd expriment scwe lentil CVltivars (ILL 2126, ILL 4349, 

ILL 4400, ILL 4401, ILL 5582, ILL 5604, IIL 5782 and ILL 6004), w h i c h  

in 1987/88 season shwd differences i n  early vigour, phenolcgy and 

yield, were evaluated for variation in rooting pattern in the 

plastickuse. 

Total misture supply received was 179.6 mn in the dr ies t  



t reatmmt and 376.6 mn in the wettest treabwnt. ~t maturity h a ~ e s t s  

Were at 8 l w d s  of moisture supply, in each plot, namely: 179.6 m, 

209.6 mn, 239.6 mn, 269.6 mn, 299.6 mn, 329.6 mn, 359.6 mn and 376.6 

mn. 

Ibe m m b r  of days fmm sawing to different ghemlcgical stages 

varied a m q  gerrotypes. IIL 6035, ILL 6024 and ILL 5586 were the 

earliest to fl-, follcrwed by IIL 6004, ILL 5989, ILL 5991, ILL 4403, 

ILL 5782, ILL 5582 and ILL 4354 (Table 3.2.1) . ILC 5715 and ILL 481 

were last to flawer. ILL 6004, IIL 6024, ILL 6035 and ILL 4403 were 

the first in ?sa&dq pysiological maturity and ILL 481, ILL 2126 and 

ILL 4349 were last. Irrigation delayed maturity. T h e  genotypes that 

u n w  earliest in the rainfed treatmmt were also early in the 

irrigated treatment (Table 3.2.1) . Similarly, the late maturing 

ailti~~s were last to mature urder irrigation. 

Dying early vegetative stage, there were variations in leaf 

c o l a  fraa light to dark green. For exanple, ILL 6004, ILL 6011 and 

I U  6035 here l i m  green and ILL 4400, ILL 4401 and 1I.L 6049 were dark 

green. With the rise in bpxature in March, most of the genotypes 

Mch  were dark green gradually ctmqd colour to light green, the 

excepticrs were ILL 4400 and IIL 2126 which maintained dark green 

Wlcur during nnst of the growth period. ?he cultivars that were light 

green dur* early vegetative -it& w l y  vigm (r = -0.59 

to -0.741, had high percentage caver (r = 0.24 to 0.64) and were 

in general early fl-ing (r = -0.38 to -0.39) (Tables 3.2.1 and 

3.2.2). 



Table 3.2.1. Nuobr  of days fmm mhg to different stages of 
developnent in lentil scrwn cn 28 Novaber 1988 at EQ-eda, 
Syria. 

Maturitv 
cxrJTVm men- Fl- Rainfed Irrigated 

ILL 5754 
ILL 5989 
ILL 5991 
ILL 5994 
ILL 6011 
ILL 1939 
ILL 5715 
ILL 5775 
ILL 5860 
ILL 5863 
ILL 6049 
ILL 6004 
ILL 6024 
ILL 6035 
ILL 4403 
ILL 5782 
ILL 2126 
ILL 5604 
ILL 481 
ILL 5582 
ILL 5586 
IIL 4349 
ILC 4354 
ILI. 4400 
ILC 4401 

Yields in the driest treatrrent (rainfed) were very law krt varied 

significantly (P< 0.05) amrq the dt ivars ,  with seed yield whg 

fran 56 kg/ha in ILL 481 to 319 )oFE/ha in ILL 6035; and for biological 

yield the range was f r a n  494 kg/ha in ILL 6024 to 898 kg/ha in ILL 6035 

Wle 3.2.3). 
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All the variables measured correlated with yield and 

inportant correlations are shmn in Table 3.2.4. In the rainfed 

(driest) treatment, early phenolcgy, light green leaf colcur 

(particularly during early vegetative growth), early v i m ,  high 

pemmtage grand cover (start- fmn early grarth stage) and high 

s t r a w  ard biological yields were attr* for high seed 

yield. Seed and biological yields in irrigated treatnrents bere also 

associated with high seed yield in W e  rainfed treatmmt (Table 3.2.4) . 

Table 3.2.4. Correlatica~s between yields i n  rainfed treatment ard sane 
important traits in rainfed mtnwt in lentil. Br&a, 
1988/89. 

Traits 
Rainfed 

Seed yield Biological yield 

Leaf colour 
7.2.1989 
2.3.1989 

Seed yield irrigated 
Biological yield irrigated 
Biological yield rainfed 
Straw yield rainfed 
Days to flower 
Days to mature 

Leaf colour sa~re: 1-5, 1 = list green, 5 = dark green 
Vigour a r e :  1-5, 1 = mzst vigo-, 5 = least vigo-. 



Similarly, the attributes associated with hi@ seed yield were also 

associated with high biological yield. 

For further quantificaticm of respcow of genotypes to dmqht  

stress, the a p p ~ ~ a c h  of Bidinger &t a. (1987) for terminal stress in 

pearl millet was follawed as alrczdy described in section 2.6.1 for 

~ ~ b y ~ i n g d = w h t ~ = -  (m). 

The results shmd that time to  flowering and yield potential (non 

stress yield) a- for 62% of the variation in seed yield and the 

remainder was due to internal drought respcaw. Total dry m a t t e r  was 

haever less sensitive t o  time of flawering and potential yield, bath 

aaxunting for only 14% of the variation in total dry matter yield. 

For both seed and biological yields, ILL 6035 was tolerant and for seed 

yield, ILC 4400 was susceptible to drovght (Table 3.2.5). For 

biological yield ILL 6011 was tolerant and ILL 6024, ILL 4403 and ILL 

44001 were fllsceptible to drouqht (Table 3.2.5) . 

Differences i n  rooting patterns change the a t  and timing of 

water availability to the crop. The traditional view is that a large 

vigo- root system, throqh avoidaxe of plant water deficits, is 

one of the m j o r  mchnims of drought resistance. Rooting pattern was 

studied a t  Tel Hadya in the plastichouse. ILL 4400 had high and fast 

tuild-up in rcot dry weight, and lomg and dense root system, IIL 4401 

had long roots that developed fast,  and the vigo- d t i v a r  ILL 6004 

invested 1-t in the rOat system (Figure 3.2.1). 



Table 3.2.5. Imxqht respcme irdex (CRI) for seed ard biological 
yields of lentil gemtypes, Breda 1988/89. 

-nO'XJe Seed yield Biological yield 

ILC 5754 
ILC 5989 
ILL 5991 
ILC 5994 
ILL 6011 
ILL 1939 
ILL 5715 
ILL 5775 
ILC 5860 
ILL 5863 
ILL 6049 
ILL 6004 
ILL 6024 
ILL 6035 
ILL 4403 
ILL 5782 
ILL 2126 
ILL 5604 
ILL 481 
ILL 5582 
ILL 5586 
ILC 4349 
ILL 4354 
ILL 4400 
ILL 4401 

* = significant at -10% 

The d a t i v e  empkmspiraticn (Et) of the csop were ampted 

for the driest (rainfed) ard the wettest (high irrigation) mter 

trea- regimes for all the genotypes. T h e  data presented in Figure 

3.2.2 are for those lines that shclwed variation either in early vigour, 

@ienology, response to irrigation or Et. The Et of different cultivars 

in the driest treatraent were similar. The differences in Et in the 

wettest treatment for the 25 genotypes were small until the erd 



Rod b v  ndght (WW)  Root bmth ion) 
260 - 0 - 

;It ILL 4400 

Jan Feb Mar 

Figure 3.2.1. Root dry weight and root lengthof  four lent i lgenotypes  
a t  various stages  of growth. 

of the season when medium to late maturing cultivars (e.g. ILL 5989 and 

ILL 5860) surpassed the early maturing cultivars (Figure 3.2.2 and 

Table 3.2.3). 

A significant fed- of the presx& study was the large 

difference between gemQpes in seed and biological yields, and 

variatia in water use (Table 3.2.3) . In the driest (rainfed) 

treatment, eMpotranspiration mnged fmn 86.7 mn to 96.0 nun; and ILL 

6035, ILL 6004, ILL 6011, IIL 5994 and ILL 5991 had high water use 

efficiencies (Table 3.2.3). 



Cumulallw Et (mm) 

350 1 

++ ILL 4354 

Doc Jan Fob Mar Apr Doc Jan Fob Mar Apr May 

Figure3.2.2.Cumulative evapotranspiration in four lentil genotypes as 
affected by moisture supply. Breda, 1988189. 

3.2.2. Yield to kcmase inmishne +y 

'Itie 1- sprinkler system by a p l y i n g  moisture along the 

gradient permitted screening gemQpzs for to inuease in 

nuisture supply. Seed y i e l d  of a l l  the lentil genotypes showed a 

linear increase with the a m m t  of water %lied. 'Ihere were 

significant diffexences a r a q  genotypes in  their mspmse to herease 

in moisture w l y .  ILL 5860 was most responsive (8.91 kq/ha/w), 

roll- by ILL 4354 (7.87 )aFl/ha/nm) ILL 5586 (7.66 kg/ha/m) (Fig. 

3 .2 .3 ) .  'Ihere were lines which were mlemtely respowive to increase 

in misture w l y  and xm lines which were not m i v e  e.g. ILL 

2126 (4.75 )og/ha/mo) and ILL 481 (4.84 kg/ha/nm) (Fig. 3 .2 .3) .  



Seed yield (t/ha) 

2.0 1 
I ' ILL 5860 1. y - 0 .0089~  - 1.644 

f ILL 5586 2. y 0.0077~ - 1.377 

ILL 6004 4. y - 0 .0055~  - 0.814 

x ILL 2126 5. y = 0.0047~ - 0.819 

0 ILL 481 6. y = 0 . 0 0 4 8 ~  - 0.Q 

Moisture (mm) 

Biological yield (t/ha) 

Figure 3 . 2 . 3 .  Relat ionship between moisture supply and seed and 
t o t a l  b i o l o g i c a l  y i e l d s  o f  l e n t i l  genotypes,Bre& 
1988/89. 
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. 1. 
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3 - 

4. y = 0.0108~ - 1.318 

x 5. y 0 .0093~  - 1.123 

0 6. y 1 0.0105~ - 1.471 
2 - 

1 - 



Totdl biological yield of all the gMotypes similarly a i t e d  a 

linear relationship with irawse in rmisture supply. Similar to seed 

yield, there were significant variaticns in response to hcrease in 

total water received. Again ILL 5860 was the m x t  responsive (18.48 

kqM/m) follwed by ILL 5586 (16.67 W m ) ,  ILL 5991 (16.05 

kg/ha/m) and ILL 5754 (16.02 )aVha/mn) (Fig. 3.2.3). lines- 

mderately responsive (e.g. ILL 5989, 14.30 W m n ;  ILL 5782, 13.90 

kg/ha/m); and others %em least responsive (e.g. ILL 481, 10.45 

lq/ha/ma; ILL 2126, 9.26 w m n ;  ILL 6004, 10.79 kg/ha/m). 

Drs. S.N. Silim, M.C. S a x e n a d  W. &skire. 

3.2.3. Stages of develqrpent of tb? lentil plant 

T h e  life cycle of the lentil plant is continuous and starts with seed 

germination and ends with anplete seed maturation. It is vital that a 

cuumn terminology for the different stages of gmwth is used for 

uMnS3iguaus ammmication betwen grcwers, researchers an3 others. 

'Ibis will allm, for ewrrple, the precise timing of d t u r a l  practices 

sucfi as herbicide application, and the dcamentation of the grwrth 

stage where damage took place as a result of vagaries of weather such 

as hail, wind, late frost or fmn attack by insects or other pests. 

'Ihe lentil is gram urder widely differing ecological conditions 

fran the tropical highlands of Ethiopia to the Canadian prairies. At 

a single location, the growth of the crop is strongly influenced by 

facton such as the date of sowing, weather an3 cultivar. ?his report 

gives a uniform system for the description of the develcpnmtal stages 

of lentil. 



Both tsapemture and -id profamily affect the timing of 

flawer initiation in lentil. The cmset of repzPductive gra&h limits 

kh does n d  halt vegetative gmwth. In view of the diversity of 

e n v ~  caditioars by the crcp, it is necessary to 

uxcuple the Uptioars of vegetative and rep-ve grarth stages 

and to describe them -y. 

'Ihe lentil is a much-branched, softly plbescent, light green, 

annual hez+moeu~~ plant with a slerder stem and branches. The 

branding habit of lentil cakmsts with the better developed min 

a axis of other food legumes sud~ as pa, -bean and oa*lpea. 

&scription of vegetative grrxrlth stages in lentil, therefore, 

nezessitates the use the primazy branches. Both vegetative and 

reproductive growth masumwb in lentil foais on the basal primary 

braxh. 

Determination of vegetative and repn=ductive gra&h stages dies 

CPI l d e  identification. The ncde remains a leaf scar when the leaf 

drops off and hence mde camts are mffected by leaf loss. Staging 

of lentils for vegetative grawth is accanplished by camting the 

rannber of visible nodes on the main stem up to the nade subtending the 

b a s a l ~ i n E u y b ~ a n l t h e n ~ t h e m d e c a u r t u p t h e b a s a l  

prjm?uy branch to include the highest fully doreloped leaf. 'Ihe 

cotyledonary node is designated as 0 .  The first two leaves are 

s-le, -like and largely fused with two lateral scdle-like 

stiples. The follawing two or m~1-e  leaves are bifoliate and 

subsequent leaves miltifoliate. Y a q  leaves have leaflets resembling 



cylinders. A s  dnrelcpnent progressg the leaflets unroll ard flatten. 

To determine when the leaf is fully develqxl leaf developwrt a t  the 

n=& imaediately above is &served. In lentil ,  a leaf is considered 

fully develcped (node is caarted) when the leaf a t  the mde above has 

-1ld sufficiently so that the two edges of ea& leaflet a n  not 

tcu&irg.   there ism re than one branch ham then ode^ 

the basal primary branch, the thickest of the bmxhes can be used for 

the node mt. ?he basal primary branch usudlly develops between 

nodes 1 to 5. Occasionally, the basal prinwy branch either develop 

late a t  mdes abave 5 or mt a t  all; in these cases the main stem may 

be used for the mde a t .  For exauple, a plant with 4 nodes is in 

vegetative stage V4 and a plant with 16 ncdes is in stage V16. 

Flowering in lentil  is hbtembate - -ing fmn axillary 

bds on the main stan and branches. It pmeeds acmpetally fmn 

lawer t o  hi* nodes. A single plant may have open f l a m s  a t  hi@ 

nales ard ful l  pals in 1- nodal piti- a t  the sam time. Many 

of the early f l w x s  abort. 

'Ihe choice of which part of the plant to be used for repnductive 

staging is influenced by ax lowwledge of the fruiting pattern. 

A l t h c u # ~ t h e m a i n s t e m a r d b a s a l p r i m a r y b r a n c h c a r z y t h e s a m e ~  

of pods on average, podding on the prhwy bmxhes is concentrated 

w i t h i n  fewer nodes per branch than on the main stem. Tlw nodes on the 

plant which are most ccmmnnly poddsd are ncdes 11 ard 12 on the basal 

primaq bramh. AS a ref- point spannh~ the most ccmumnly 

pcdded nodes, the rmst advanced r e p d c t i v e  within nodes 



10-13 on the basal primary bmmh w i l l  determine mpmluctive stage. 

Nodes on the basal primary b e  are cant& for the pupose of 

sbqirq repmdwtive growth fmm the t%de on the main Stern (node = 0 )  

mbtmdhq the basal primary bmmh. 

The develcpmbl stages of rqmductive growth are given in Table 

3.2.6. The  R1 stage hiicates anthesis and R2 represents f u l l  blom 

with the spread of fl~wering fma the f i r s t  flcuering node acmpetally 

Table 3.2.6. m v e  stage of devel- descriptiors for 
lentil. 

Stage t i t l e  Lkscripticm of grcwth stage 

First bla, One apen flower a t  any node 

Full bloan Plawer open or has cpened on ncdes 10-13 of the 
basal primary branch. 

Early pod Fod on ncdes 10-13 of the basal. primary branch 
is visible. 

Flat pod Fod on na%s 10-13 of the basal primary branch 
has mched its full  length anl is lacgely f lat .  
Seeds f i l l  less than half of the pod area k u t  
can be fe l t  as a lxmp between the fingers. 

Full seed Seed in arw sirale pcd on nodes 10-13 of the 
basal p r h a q  branch are swollen and canpletely 
f i l l  the pod cavity. 

Full pcd - All ~mrmalpcdsonnodes 10-13 of thebasdL 
cavities primary branche are swollen d ccnpletely f i l l  

the pod cavity. 

Physiological Tne leaves start yellcwing ard 50% of the pods 
maturity have turned yellm. 

Full maturity Ninety per& of pods on the pant are 
golden-brawn 



to nodes 10-13 on the basal pr- b h .  Stages R3 to R6 cover pod 

and seed develqment with stage R3 r e f e r r i g  t o  f i r s t  pcd aFpearance 

on ncdes 10-13 cm the basal priimry bmnrh, with stage R4 to the 

mrpletion of pod grarth, anJ. with stage R5 to the capletion of seed 

expansion within any single pod b e h e m  ncdes 10-13 on the basal 

primary branch. Stage R6 refers to the ampletian of seed expansion 

in all mnnal pods a t  nodes 10-13 on the basal primary brarn=h. Stages 

R7 and R8 designate Fhysiolcqical and ful l  maturity respectively. 

The stage demipticns  ply to iniividual plants directly. To 

describe the stage of developoerrt of a cumunity of plants, the stage 

designated sharld represent the average of plants shdied.  Tbe 

average stage of a field is w h a  50 percent of the plants are a t  or 

beyard a particular stage of dwelqment. m t l y ,  the 

developtlental stage R1 ' f i rs t  blma' co-nds to that amnronly used 

in the field to estimate time to 50% of plants in f l u e r .  Cktaining a 

representative sample of plants requires inspection of plants f m  

severdl locatiors in a field. A t  least one lo-plant sarrple for every 5 

ha sharld be used to obtain an acbquate determination of average stage 

of develapnent . 

It is ar &lief that th i s  uniform system for the description of 

developnental stages i n  lentil is u n i v d l y  applicable to all growing 

envircPrments (field or greenhouse) and to divergent cultivars. 

Pdditiondlly, the descriptions my be wed for sirgle plants or 

ammmities of plants. ?he stage descriptions are precise and 

cbjective so that variation a m ~ g  perscrns using the systw w i l l  be 



. . 
rmrumal, thereby aiding omnnmicaticn between those interested in the 

ancient lentil .  

m. W. Erskine, a n d F . J .  t W h l b ~ e r a n d M r .  R.W. Short (Washington 

State University, USA). 

3.2.4. E E f e c t o f ~ ~ m g r w t h a n d y i e l d o f ~ l h  

rannerS in West Asia usually saw l en t i l  in la te  w i n t e r  fma late  

&c#mber to early February. v y  the repreproductive phase of 

gmvUl coincides w i t h  increasing water deficit  and high tenpratures 

fmm A p r i l  onwards, resulting i n  law yields. We SMied the effect of 

an aAmce of saw- date fmn l a t e  winter (early Febmary) t o  early 

w i n t e r  (November) on the growth and yield of a range of lentil  lines 

1982 and 1985 to provide i n f m t i c n  that might be useful for 

breeding program. 

The  st1.16~ sbwd clearly the advantage of early over l a te  winter 

a c w i q  w i t h  the wan see3 and straw yields fmn an early winter saw* 

of 838 and 2476 kqha mrcpared to 679 and 1470 w, respectively, 

fmm a la te  sawn cmp (Table 3.2.7) . T h e  overall advanhge in gross 

revenue fmn both seed and straw was between 35 and 41% deperding on 

the d a t i v e  prices of the mrpnodities. 

'Ihere t+iere seamnal differences in the advantage in seed yield of 

early sawing because of the infestation by orohmhe spp. (1983/84 

season) a key factor limiting the use of early sawing (Table 3.2.7) . A 
sg.md cause of limited admnhge in seed yield fmm early swing is 

atwnmlly cold winter conditions as was the case in 1982/83. 



Table 3.2.7. Seed and straw yields ( k g p )  frm early (Novenber) and 
late (early February) winter suing of lentil frm 1982 to 
1985. 

.Swim date 
Febrllan' 

Seed s t r a w  sed Straw 

Means 838 2442 679 1470 

Three largeseeded and three snall-seeded lines were used in the 

stu3y but there was no cliff- in the growth pattern of rhe two 

grpups. Howwer them was clear widence of genetic variation in 

gnwth rate. A high rate of dry mtter acemulation was associated 

w i t h  a high final biological yield as shown by the strPng correlations 

between the dry matter at varia~s stages and the total biomass at 

maturity (Table 3.2.8) . Clearly, early vigcur was strongly related to 

bi- at harvest. Ihe potential of the trait early vigcur as a 

selection criterion is beirq investigated. 

Drs. S. Silim, M.C. SaxenaandW. Erskine. 

3.2.5. Effect of terminal b t  drxqht shess in lentil 

In the Medi- basin, the repnxbztive @mse of winter sum 

lentil coincides with the termination of winter rainfall ard the 



Table 3.2.8. Correlations between dry mtter (&) at different grcwth 
stages and bicamss at maturity for early winter and late 
winter dates of sawing in twrJ seasons at T e l  Hadya, Syria. 

1982/831984/85 
sEurpling date r Sanpling date r 

DIY matter/& - early sowing 
~ r y  matter/& - early saw* 
Dry matter/$ - early sowlng 
Dry matter/$ - early Scwu-g 
tuy matter@ - late scwing 
Dry matter@ - late scwing 
~ r y  matter/$ - late sowing 
~ r y  matter/$ - late sowing 

period of rapid rise in air tenprature. Ihe reprochtctive @mse of 

lentil is as a result curtailed. Earlier studies at 1- had shckm 

that yield advantqe fmm advancing date of sou- to early winter was 

largely due to the extended vegetative gmwth, and to a lesser extent 

to the slightly hxeased seed filling period. It is hcuever, not 

l a w n  whether the inability to extend reprcductive grmth to later part 

of May by lentil is &e to drmght or bet stress. Ihe present stufy 

conducted during 1988/89 aimed at determining vkthe~? 1. drmght or 

heat stress is the major factor respmsible for amelerating mturity 

in the lentil crop, 2. the accelerated (forced) maturity is a 

beneficial adaptive trait for the Medi- envimxnumt, and 3. 

there is genetic variation m n g  cultivars for to t e n n h l  

heat and drcqht stress. 



Fcur lentil cultivars; ILL 4400, ILL 4401 (landraces), ILL 5582 

ard ILL 5604, were gram in the f ie ld  w i t h  and without supplemental 

irrigation. Wimg reproductive @as, knpmture treatment was 

superiqxsed by either permitting the cmp to grew urder the prevailing 

air teqerature or  w i t h  bxeased W t u r e  obtained by putting a 

plas t ic  tunnel. The -irwltal design was s p l i t  plot with cultivars 

as subplots and misture supply ard tmpnture treatments factorially 

amarged in the main plots. 

In this dry year, the mist inportant factor was mis ture  supply. 

In the irrigated treatment, mm&r of days f m  fl-ing to maturity 

was h x e a s d  (Table 3.2.9). Conpared to  the rainfed treatment, 

increases due to irrigation were 147% for biological yield, 353% for 

s e d  yield, 161% for pod mm&r, 183% for seed nwnber and 13% for 1000- 

seed weight, ard in addition harvest index was also imeased (Tables 

3.2.10). 

Table 3.2.9. ?he effect of misture  supply and taprature on sane 
@enolcyical stages of len t i l .  

f 
RaFnfed 

Daysto N o d  I m ~ a ~ e d  Normal increased 
Wtivar fl- k p x a t u r e  teqerature t e n p r a t u r e  tenprature 

ILL 5582 113 148 149 168 168 
IIL 4400 117 150 148 17 1 172 
ILL 4401 118 148 150 168 168 
ILL 6504 120 149 148 172 173 

?he plast ic  tunnel on the average, hxeasd  teiqxzature by about 

10'C abave the n o d  a i r  tenperam. 'Ihis increase in temperature 



Table 3.2.10. Effect of variation in tmpaature and moisture supply on 
tatdl biological yield, seed yield, harvest index, no of 
pods@ and seeds& and 1000-seed weight of fcur lentil 
genotypes, Tel Hadya, 1988/89. 

Rainfed 
ILL 5582 1750 
ILL 4400 1615 
ILL 4401 1453 
ILL 5604 1679 

Mean La4 
Irrigated 

I T L  5582 3840 
ILL 4400 3900 
ITL 4401 3878 
ILL 5604 4606 

MBan 4056 
Gen. mean -1 

ILL 5582 
ILL 4400 
ILL 4401 
ILL 5604 

Mean 
Irrigated 
ILL 5582 
I U  4400 
ILL 4401 
ILL 5604 

Mean 
Gen. mean 
S.E. T 

M 
C 

C.V. (%) 

Harvest 
index 

No. of se&/n? 1000- 
poa~& sxsl weight 

(9) 

did mt have significant influence on phem11ogy, biological yield, sed  

yield, nuubr  of pods/unit area or m&er of seeds/unit area; but it 

reduced significantly harvest index and 1000 - sea3 might  (Tables 

3.2.9 and 3.2.10). T h e  mean i n f l m  of hcmasing air tapenture 



was 6% in biological yield, 13% reduction is seed yield, 19% 

reduction in harvest inlex, 2% reduction in pcd number, 6% reduction in 

seed numker and 6% reduction in 1000 - seed weight. 

Seed yield respnzse of dtivars to increase in -tUre varied 

significantly. ILL 5582, ILL 4401 and ILL 5604 were not significantly 

influence3 by tenperam treatment, h t  increasing m t U r e  reduced 

significantly seed yield of ILL 4400, this reduction being 37%. 

The preliminary results of this indicate that increase in 

tempemture d u r i q  repro3uctive qrakh  did Mt influ- total bianass 

pnxhcd, but influenced the pattern of distribution, with increased 

tempemtun? favcuring vegetative rather than rep?miuctive grwth. The 

sbAy in addition showed that variability exists atmng &tivan, with 

ILL 4400 being nwre sensitive to higher teqerature. 

Drs. S.N. Silim and M.C. Saxena. 

3.3. Iahil Harvest -tian 

3.3.1. O A of varicms harvest I- 

m i l  harvest is the major produdion pmblem in the Mediterranean 

region because of the high cost of c f e s t  l a m .  Systems of 

mechanization developed to decrease the cost of production include: 1) 

a lentil plller for use with existing adti- and p?miuction 

practices 2) m w a s  on a flattened seed-bed preferably with a non- 

lcdging arltivar 3) combine hamesters on a well-prepare3 seed-bed sawn 

with a .tall, nm-lodging cultivar. 



Ihe 1988/89 growing season was chaacterized by a cold and dry 

winter which resulted in extremely stunted plant growth. Plant height 

a t  Tel Hadya was 15-20 cm which precluded meaningN nmchine harvest. 

In -y, the major area of lentil produdion of Syria, there was 

very l i t t l e  machine harvest on fanoersr fields, in agltrast to the 

previous season when mre than 5000 ha was harvested by a onbinaticn 

of either swathe-mmer or ccmbine harvester. 'Ihe gmwing conditiors 

experienced this season pmided a salutary lesson into the ecological 

l i m i t s  of lentil harvest mechanization. 

Despite the unfavcurable conditions it was possible t o  harvest by 

machine a t  some sites in Syria. 'Ihe village projects, i n  whi& 

p d s h  lines are testd on farmers1 fields in large plots as part of 

the cooperative research with the ~ t i o h a l  pragram, prwidcd sane such 

apportunities. Eacfi plot was hwested partly by han3 and partly by 

d i n e  harvester. The line 78826013 yielded mre than the local check 

Ikbn-ani 11 averaged wer locaticns and harvest methods (Table 3.3.1) . 
'Ihe combine harvest& plots yielded on werage 25% less than the hand 

harvested area. 

Table 3.3.1. Seed yield ( l qha)  a t  two locations of tm lentil lines 
harvest& by han3 and onbine harvester in the village 
project in Syria, 1988/89. 

ILL 16 Iiuani1 
Locations Hand Machine Hand 
MOrek 938 698 649 605 

635 450 687 422 

Over check % 17.7 11.7 



?he Syrian Libyan cmpny (SYLICD) grcws lentil under irrigation 

in the Ras el Einlarea of Syria. Idst seasm they grew 300 ha of 'Idlib 

1' and 78526013 under irrigation ard as a cmsqm~x the lentil was 

unaffected by the dnm#~t axditions. The tianrest was by carbine 

harvester with a canparison t e t w a m  the normal mine and a d f i e d  

arobine with the reel replaced by air jets and the single knife cutter- 

bar replaced with a double-knife bar. ?he normal ambine performed 

better than the d f i d  mine laryely because the extra weight of 

the dfications dereasd the control of cutting height increasing 

losses. 

A lentil harvest mechanization a c m e  was conducted jointly with 

the GMeraL Olyanization of Agricultural Fkchanization (GUAM) in m y  

1989 and a report is given in the Training Section (9.1.2). 

National Agriculture Research Systars. 

3.3.2. Effect of a~ lgltil seed yield and harvest lasses 

Amrmg the different system of mdnn ica l  harvest tested at ICAPJX in 

the past is a d i n e  hamest which shckls great pranise (1- 1989). 

lhe cptimrm time of harvest by mine is, hawwer, later than for h a d  

@ling. This delay, m e r ,  accmtuates pod dehisoenm and pcd drop. 

A spray of a chemical ~ m e d  ' s p d m i n  EDBr has been reported to control 

pod shatterirq and delay time of Harvest in peas, soybeans, mqbeans, 

dry bearrs and oils seed rape. Fxpziments were, therefore, conducted 

at ICARDA to test the potential of this chemical in contmlling pod 

and pod d r q  in lentil and in exteniing the period for 

mchnized harvest using Idleb 1 (ILL 5582) cultivar sawn on 2 Dec. 
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1987 and 5 Dec. 1988 in plots 3x20 m. All plots were hand -. 

Spodnam EDl3 was sprayed at pod filling stage at a rate of 1.25 

l/ha in 400 l/ha of tank mix with distilled water. A check plot for 

~~ was sprayed with water. C r q  was hanrestd by either han3 

pllling at the n o d  t* (physiological maturity 4040% of pods 

w x e  yellow) or at full maturity (when 100% of pods were mature) by a 

plat canbine. In a second set of t r e a m t s  the harvest was delayed by 

3 weeks after 100% maturity. 

The 1- tmwaverage annual rainfall at Tel Hadya is 330 nun. In 

1987/88, the annual rainfall was 504 m, higher than long-term average 

by 53% and in 1988/89, only 229 m was received represerrting 69% of the 

mean annual precipitation. 

Seed yield loss f m  plot &ine harvest mnpared to hand @ling 

was 26% in 1987/88 and 11% in 1988/89 (Tables 3.3.2 and 3 -3.3) . 
Average3 over two years, seed yield loss was 18.5% which is similar to 

the two year average of 20% reported at 1- in 1988 with a modified 

ccn33ine (1- 1989). 

Delaying harvest in 1987/88 had no influence on seed yield but 

increases seed yield loss significantly in 1988/89 by 38%. In 1988/89, 

harvesting by plot amkine particularly amtuated the losses due to 

delay in harvesting, giving a total seed loss of 50% (Table 3.3.2) . 
T h e  difference in response to delay in harvest and methods of harvest 

in 1987/88 and 1988/89 was probably due to differences in moisture 

suFplY over the seasals. 



to control (water spray),  plying 5- on lentil did 

not hmease seed yield significantly. yield advantage f m  

a~plying Spodnam was 7% in 1987/88 and 3% in 1988/89. Probably in the 

Medi- basin, the rapid rise in -ture and druught which 

cut short the reproiuctive period in lentil bere responsible for the 

ineffectiveness of this deal. 

Drs. S.N. Silim, M.C. Saxem and W. m. 

Table 3.3.2. 'RE effect of applying Spodnam and time and mthod of 
harvest of seed yield of lentil aiLtivar ILL 5582. Tel 
Ha-, 1987/88. 

Method of harvest (HI 
C?~emicaL Hand Plot ccars3ine Mean 
spray (C) Normal Delayed Mean N o d  Delayed MBan 

harvest harvest harvest harvest 

Water 1944 2084 2014 1450 1638 1544 1779 
sp0aMm 2173 2245 2208 1566 1634 1600 1904 

Mean 2085 2164 1508 1636 

Mean for H 2111 1572 

Tine of harvest T 
Normal Delaved 

Water 1697 1861 
spodMm 1869 1939 

LSD (5%) - SE 
C NS 48 

L 2 u L  
. - 

H 141 48 
T NS 48 
C X H  NS 68 
C X T  NS 69 
H x T  NS 68 
H x T x C  NS 96 10.4 



Table 3.3.3. The effect of -lying Spodnam and time and method of 
harvest m seed y i e l d  of lentil cultivar ILL 5582. Tel 
HXlya, 1988/89. 

Method of harvest IH) 
Camical Hand Plot  cra33ine Mean 
spray (C) Normal Delayed Mean Nonml Delayed Mean 

harvest harvest harvestharvest 

wan 513 506 606 304 

Mean for H 509 455 

Water 
spcaMm 

wan 

Time of harvest T 
N o w  Delaved 
545 402 
574 407 

3.4.1. FUiizcbiun Stsairrcutivar hbmctic11s for yield and N2 fhati.cn 

in l d  

W i t h  long term cult ivat ion of the crop in areas of WANA receiving 

between 300 and 400 m annual rainfall, high native m a t i o n s  of 

rhizobia M a t -  lentil are expzted. lhaugh infomation is sparse, 



this  pears to be true; average viable cavhs of Ifiizobia naiulating 

lentil in the west A s i a  region are in the range of lo3-lo5 g-I soil. 

E x k t m a =  of -te native rfiizobial pqulations inplies that 

hprovenumt in ainitmgen f h t i c n  th raqh  manipdation of the 

symbiosis thruqh inoollation my mt be possible. N o t  a great deal is 

lorown specificity of the crop with respect to strain-dtivar 

intemdions,  ht indicatiom by other investigators point to yme 

degree of specificity. 

It is Wrtant to esbblish base-line values for percent plant N 

derived frun the a- ( m a )  ard N2 fixed in recannended 

d t i v a r s  of lentil  so inprovawnk thrcu@ Ifiizobial s t ra in  ard legume 

d t i v a r  bre&bg/selection m y  be quantified. The cbjective therefore 

of this w a s  to determine the variations i n  nitrogen fixation ard 

yield in lentil d t i v a r s  inoculated by a rnrmber of 

strains ncdulating lent i l .  

Eqeximents were amducted in N. Syria a t  two locations on the 

'lkl Hadya, during 1987-88 and 1988-89 seasons, ard a t  Ereda during 

1988-89 seascms. Most prcbable mmber (MPN) masumwmts of 

indigexus lent i l  Ifiizcbia m a t i o n s  in the soil were him with 4.2 x 

lo4 and 2.9 x lo4 rhizcbia g-l so i l  respectively, for  Tel Hadya fields 

uti l ized i n  1987/8 ard 1988/9, and 6.8 x lo3  a t  Breda, due to lcolg-tenn 

cultivation of l en t i l  in these areas. Rhizobia treatmnts ocwprised 

unhxulated an3 two s t ra in  t r e a m ;  the 1987/8 experhmt included 

two s i n g l f f t r a i n  inoculants (strains 719 a d  735) while in the 1988/9 

exper- a single-strain i m a l a n t  (strain 719) and a 3-strain 



mixtux (strains 719, 726 and 735, all of Syrian origin) were utilized. 

Strairs were selected based an prior N 2 - f ~  p e r f o r ~ m ~ e  on the 

omxmd dti- in aseptic hydmponic culture in trials. 

Eight cultivars of larye- and dl-seeded types were used in all three 

trials, chwm for their realized and potential use in the region. 

ailti- included ILL 8, ILL 16, ILL 1939, ILL 4354, ILL 4400, ILL 

4401, ILL 5700 and ILL 6011. 

In the absence of 15N data (not yet available), the pmmeters 

d-csen to best evaluate treatment effect on N fixation are totdl cmp 

N, and biological and seed yields. LUrirq 1987/88 season, s h a h  735 

and a~pl ica t ion  of N fe r t i l i ze r  significantly inpmed biological but 

not seed yield over the uninoculated treatment across a l l  cultivars; 

yields were high in this t r i a l  because of favorable weather ccoditions 

(Table 3.4.1) . Strain 719 did not i n p m e  the average yields i n  

1987/88, but ' 1 average biological and seed yields a t  Tel Hadya 

in 1988/89 (by 15 and 30%, respectively), and biological yield a t  Breda 

Table 3.4.1.Effed of trsabmts on biological yield an3 seed yield over 
8 adti- for  t w ~  years a t  Tel Hadya ('IH) and Breda (BR) 

Biological yield Seed yield 
t/ha - 

m t m e n t  J987/88'IH 1988/89'Ili 1988/89BR 1987/88M 1988/89'Ili 1988/89BR 

UOkgN/ha 7.21a 2.10b 0.52b 217213 55633 72b 
Strain 719 6.86ab 2.34a 0.59a 2241ab 67 la 151a 
Strain 735/mix 7.19a 2.38a 0.53b 239- 684a 137a 
Unhxulated 6.83b 2.03b 0.52b 2212ab 518b 138a 
CV % 13 19 21 20 27 24 
I S D  .05 0.35 0.21 0.05 197 83 15 



by 13%. Aplicaticm of N fertilizer decreased seed yield by nearly 50% 

in Breda. The  strain mixture significantly increased the average seed 

and biological yields in Tel nadya but did not affect average yields i n  

BE¶%. 

Three aiit ivars of the eight test& lines (ILL 16, 5700, 6011) 

responded significantly to i d a t i o n  in all Tel Hadya trials, while 

d t i v a r  ILL 4401 reqmnded only d u r b  1988/89 season (Fig. 3.4.1). 

S e d  yield was increased in ILG 16 during 1987/88 by nearly 1 t/ha, anl 

in ILL 6011 anl 5700 by 0.3 and 0.5 t/ha, respectively. Biological 

yields were also increased by about 1 t/ha in cultivars ILL 5700 and 

6011 (Fig. 3.4.1). 

Yield components (t/ha) 

Unin reed 
w u .  ntn abaw 

lnoc seed 

a lnoc straw 

ILL 18 ILL 5700 ILL 8011 ILL 4401 

Figure 3.4.1. Response of four  l e n t i l  c u l t i v a r s  t o  
inocula t ion,  Tel Hadya 1988/89. 



Rainfall was lm and poorly d i s t r i h t d  in 1988/89 causing 1- 

yields, but M a t i o n  of these 4 cultivars in Tel Hadya produced 

approximately 35% biological yield bxease (500 to 700 kg/ha) and fmn 

43 to 93% seed yield increase (225 to 370 k3/ha) above the -ted 

cmp with the best strain treatnmt (mixed strain). In BreQ yields 

were very l m ,  and only d t i v a r  5700 respDnded sicpificantly to 

inoculation with 185 kg/ha biological yield increase (37%) and 73 kg/ha 

seed yield bxease (49%) with strain 719. 

 he mgnitude of the symbiotic response, and typical Strain- 

d t i v a r  intezactions for the two t r ials  at  Pel Hady are -- 
in Figures 3.4.2, which present data for the 1987/88 seam~~. Wtivars 

ILL 8 and 1939 produoed siqnificantly less S t a w  yield wfw M a t e d  

Straw 120 N 

O straw at ns 
Yield (tlha) I straw at 7 9  

Seed yield 1.2 - 
1.0 

0.8 - 

0.8 - 

0.4 - 

0.2 - 

0.0 - 

-0.2 - 

-0.4 - 

ILL 8 ILL 18 ILL lgSQ ILL 6700 

Figure 3 . 4 . 2 .  Contrasting y i e l d  responses o f  d i f f erent  cu l t ivars  
of l e n t i l  t o  inoculat ion with  two d i f f e r e n t  s t r a i n s  
of Rhizobium, Tel Hadya, 1987/88. 



w i t h  strain 719, while d t i v a r  ILL 5700 s t r a w  a d  seed 

yields when inoculated w i t h  this strain; seed yield was  increased by 

nearly 1 t/ha in ILL 16. Strain 735 increased yields in a l l  except ILL 

8, w b r e  it had no effect (Fig. 3.4.2) . m l i c a t i o n  of N fe r t i l i ze r  

1 biological yields in the sam three cultivars, but depressed 

yield in ILL 8. 

'Ihe carplicaticms arishq frun strain specific response were 

audiorated by using a strain mixture in the 1988/89 t r i a l s ,  *ere in 

Tel Hadya it gave the highest average yields. No yield dep-ion 

effect  fmn inoculation w i t h  strain 719 or the strain mixture was 

observed in the 1988/89 trials. 

The mgdtlde of yield hxeases in cultivars, ard the 

werall yield due to inoculation with selected strains 

Mote that maniplation of the syrr33iosis is feasible to haease 

yield in lentil ,  wen where mt ive  rhizcbia pcpilatiom are high. 

Clearly, the strain selection process artlined earlier (FLIP annual 

report, 1986) was effective when ta)cen to the field. Better 

of the effectiveness of native l en t i l  r f i izbial  

pcprlaticuis ard incorporation of -in identification methcdologies 

into f ie ld  inoculatian trials w i l l  lead to more consistent results frwn 

inoculation; this in turn a d  make develcpnent of capacity to prcduce 

inoculants in N A E s  ecamDical. 

Direct measurement of N2 fixation, using 15N, w i l l  further 

elabozate the effect of inoculation on N i o t i c  efficiency; results 



will be reported next season. In addition, 15N results will indicate 

to bxeeders which cultivars are able to obtain the highest proportions 

of ~ n p  N fran fixation, and thereby minimize utilization of soil N, 

1- to greater ewnbml consideration of N fhation as it relates 

to system sustainability in the b- pmcess. 

m. D. Beck. 

3.5.1. &mha&&um tumfaciens, a patential gene vectcn far lentil 

T h e  4 wild strains of A. tumefaciens ( C58, T37, 8653, Ach 5) which 

wm tested last year as potential gene vectors for chi-, tere 

test& for lentil this season. Wclunded lentil aotyledons (ILL 8 and 

16) here M a t e d  with the bacterial suspension. nE Strains C58, 

237 anl Ach 5 inXlced intensive tumor growth aml thus represent 

potential gene vectars for future wlication of genetic qineerirq in 

lentil inprovement. lhese identifie3 strains would have to be used in 

their disarmed version, i.e. with the tumor inducing gene deleted. ?he 

transgenic nature of the regenerated plants can be pmved by the 

ncpaline synthetase test. As nopdline is only produd by the 

Bacterium genes, the presence of nopaline in the plants shows if the 

swcesfully integmted t-PIA is actively expressed in the host gencane. 

To reduce the probability of un3esirable s~~clonal variation and to 

facilitate plant regermation, germinating seeds were used instead of 

humled cotyledom. Genni~ting lentil seeds were suspended in the 

bacterial suspension of the 4 wild strains for 24 hrs. The seeds were 



then transferred to semisolid agar media in sterile germination boxes. 

All seedlings regardless of bacterial strain produced abnormal shoots 

and roots. Abnormalities developd to & an extent that none of the 

d i n g s  muld be raised to a normal adult plant. 

SMies on the econcwic impor taxe  and different aspects of mntrol of 

Sitona weevil were continued. m e  species attacking lentil in 

Syria was re-identified as crinitus H e r i s t .  (Dr. J.P. 

A e s d i L h ,  Wntpellier) and thus wily #is nam shaild be used. For 

storage pests, eqerhmts on methais of protection and control in the 

field and store here continued and a surrey was conducted in Jordan. 

3.6.1. hprtam= of _S. d t u s  and effecti- of -1 

As in the previous 2 seasons damage levels and yields were studied at 3 

locations with different rainfall using 2 sawing dates (late Novenber  

anl early January) ard 4 trea+aumt levels of Brtafuran (2, 5, 10, 20 

W/ha 5% G). To d e t e m h  to what extent the fedhg of the -M 

larvae in the rcdules affects the nitrqen fixation of the plants, 15 N 

technique was used. Microplots in the check and 20 kg/ha Carbofuran 

treatments received 10 kg N/ha of 10% 15 N atcm excess as annmnium 

sul@iate, the microplots of the reference cmp (non-nodulatirq 

*-) received 100 kg N/ha of 1% 15 N atan excess fertilizer. 

Fesults on N~~ ataa excess of the plant samples are still awaited fmm 

the laboratory in USA. 



% Nodule damage 

r FJ Tel Hadya 

Carbofuran 5% Q kglha 

Figure 3.6.1. Effect of 4 treatment levels of Carbofuran on 
Sitona damage to nodules in lentil at 3 locations 
G i a ,  1988/89. 

In the early souw the ncdule dawge ranged betwen 60 and 70% in 

the untreated check plats a t  a l l  3 l o c a t i ~ ~ ( i  (Fig. 3.6.1) . l%e 

Ca.t3mfUran treatmmt rechaced nacbrle damage, kR I-& as effectively as 

i n  previous years. Even a t  the higher doMges 20 to 35% of the mdules 

were dimaged. A t  Brpda and Tel  Hadya seed and biological yields were 

not affectea significantly by Qrboiuran trdnmts (figure 3.6.2). 

Because of the lw rainfall (195 nun a t  Breda, 235 mn at lkl Hadya) 

yields in general were law. A t  Jindiress w i t h  354 mn rain both the 10 

an5 20 kg,ha ~~ treatnmts significantly irwrreased seed and 

b i o l q i c a l  yields. 

A t T e l H a d y a P r c m e t s e e d d r e s s ~ ~ a ~ ~ & ? d a t 2 d o s a g e s  (12and25 

mlm seed) in addition to carlmfuan. A t  both dosages the m h l e  
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BIOIO~IC.I yleid 

Breda 
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Blolog~cal ylald 0.1 16 , 
0.8 
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Blologlcml yield 0.182 
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Figure 3.6.2. Effect of 4 treatments of Carbofuran on 
lentil yield at Breda, Tel Hadya and 
Jindiress, 1988189. 



damage was reduced significantly an3 seed an3 biological yield 

e x e a h q  the yields of the Gnbofuran treatmnts (Fig. 

3.6.3). Pmoet themfore represents an effective alternative to 

cZ&ofuran with the additional advantage of being less toxic, easier 

to hardle and less expensive. It will be tested at the 3 logtiom as 

well as in fanners fields during the next season. 

Nodule damage 9.2 ?4 s.E. I 
% Nodule 
damage 1 Seed yield 46.2 kglha "Zd BiO""a' 

yield 
Biological yield 115.8 kg/ha kg/ha 

60 i , 2000 

Promet rnl/kg seed 

Figure 3 . 6 . 3 .  Effect of Promet application on Sitona damage and 
l e n t i l  seed and b io log ica l  yield,TelHadya, 1988189. 

The relationship between rainfall and the biological yield 

response of lentil to application of 20 la3;ma Cabofuran (5%G) was 

further developed using data fnm -11 plots of on-fanu trials at 9 

loations in no- Syria, in coaperation with FRMP. Ihe 3 seawns 



Rerponse in 
lentil biological yield (kg/ha) 
to Sitona oontrol 

mm rain 

Figure 3.6.4. Response of lentil biological yield to Sitona control 
(20 kg/ha, 54 G Carbofuran) at locations with different 
rainfall during last three seasons in N. Syria. 

data are s b m  in Figure 3.6.4. 'Ihe relationship cculd be described by 

the quadratic equation y = -644.29 + 5.182439 x -0.00466 x x = 

seaYrmal rainfall (mu), y = total biological yield increase (kg/ha). 

'Ihe coefficient of detemhtion was 0.3 (P = 0.5). &-an th i s  

equation, maXimmr msprse to w l i c a t i o n  was predicted a t  

557 mn rainfall, w h i c h  is s l i q h l y  hi* than that  preaickd frcan the 

data of previous twa seasars. 

3.6.2. Life cycle of S. d m  

Ihe d t o r i r r g  of the papilation develqment by adult flight traps and 

extraction of eggs fmn soi l  sanples shaed that S .  crinitus after 



aestivation resllmed activity with the emxyexe of lentil cmp in the 

beginning of DecarJw ( F i w  3.6.5). Feak activity ocaurred in 

D e c a b r  and Februiry. Catches were highest in J' " . 'Ihe neonate 

adults  Kpeared in early May, krt m y  are not very flight active 

and not caught in the trap. Oviposition started in mid Decenber and 

decreasedinPpri1. A t B r e d a t h e ~ o f e x t x a c t e d e g g s w a s v e r y l o w  

wen i n  the untreated plots, whereas a t  Tel Hadya and in particular a t  

Jindiress high mmbrs of eggs here fanrl in the check plats. The  

Qrbofuran t r ea tmmt  (20 lq/?la) greatly I.educed the rnrmber of eggs 

which results also in 1- lnrmber of larvae and ncdule damage. 'Ihus 

the mrker of extracted eggs can be used as an iniication for the 

effectiveness of contrpl. A t  Jirdiress the mmker of eggs was highly 

correlated with seed yield (r = -0.74). 

In  sane lentil fields a t  Tel Hadya considerable damage was caused 

by loot aphids. lbese were identified as Smynthuro3es ketae Westwood 

(Hcmpkm: Pphididae), which is a hetercecicus species with a 2 year 

cycle, the primary host being Pistacea. Seccoldazy hosts consist of 

many dicntyledonous plants, only the routs of which are attacked. 

Interestingly, 1-e of the m i n e l l i d  -tor Ih, is spp. were 

found associated with the rwt a@ids. 

3.6.3.1. Osltrol of BNdnrs enri 

B. is the daninant - univoltine storage pest of lentil in Syria. 
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Figure 3.6.5. Number of adult Sitona crinitus trapped/ 
week and eggs extracted from 100 cc soil 
samples with and without Carbofuran 
treatment (20 kg/ha, 5% G )  at Breda, 
Tel Hadya and Jindiress, 1988/89. 



Since the infestation starts i n  the field, experiments on corrtrol 

m e t h a  i n  the field were continued. A lentil  field was sel- in 

l k m a m m  village (Western A l e )  where prwiously high infestation 

lwel by _B. & was f&. The applicatim of mdosulfan (Modan 

35Ec a t  700 g. a.i./ha) and Celtamthrin ( k i s  389. a. i./ha) a t  early 

pcd setting resulted in yield increases of 10 and 7% respectively. 

Hawever, the increases were  mainly due to the control of black and 

green aphids and thrips. Since the bruchid infestatim was v e q  low 

this season and no clear differenzs bebeen treated and untreated 

plots were faud, the exper- w i l l  be repated next season. 

Drs. 0. Tahhan, S. Wigand and M. El-- (ARC, Syria). 

3.6.3.2. S r a q  of lentil dinage pests in Jcudan 

' I t J o w e e k s ~ w a s ~ t o i d e n t i f y t h e i r r p o r t a n m a n d  

distribUtion of actual and potential stcaage pests. l+xm 53 villages 

in 7 p m v w  90 seed sanples were collected fmn f- and 

m r b n t s ,  of which 82% were infest&. The highest infestation of 12% 

was faxd in western Irbid province. Fnm the -1es a total of 652 

adult inseds were collected and identified. The m3st frequent vies  

was B. with 89%, follcrwed by B. 7%, B. 4% 

and Callosobnrhus chinensis 4%. 'Ihe mDst aamm mthcd of seed 

storage is to f i l l  the seeds in jute sacks which am usually placed 

inside canent stores. Rcsbxh is the mDst cmmmly used fumigant. 

Olive o i l  or salt or a mixture of both are traditionally used to 

pmtect lentil  seeds stored for human conslrmption. Nhm fanwx and 

merchants were asked for factors affeding the selling price of lentil 

acmrdirg to  their imporkmx, they named fjlst the presenoe of 



insects, follcrJed by seed cleanlines, size,  color and cooking ability. 

'Ihe average price rdxct ion due to insect p- was 24% when 

infestation was less than 10% and 60% when it was mre than 70%. 

Mested seeds are used for  animal feed ard for  sawing M not for 

pxltry. m y  3% of the farnrers intemiewed treat their seeds before 

sawing while 56% of the farmers ard -tS treat their Stores. NO 

fo l ia r  insecticide was used in lentil for  control of bruchids o r  other 

Ihs. 0. Tahhan, S. Weiganl ard NCAKIT (Jordan). 

3.6.3.3. ~ f f e c t  of QLZosabrucfas -is m seed -tian 

As the survey revealed that  farmers m n l y  use infested l en t i l  seeds 

for  sudrg, the effect of different levels of seed infestation by _C. 

chinensis on seed germination w a s  studied. Since usually 1 to 3 adults 

develcp in one seed, each leaving one hole, l en t i l  seeds with 0, 1, 2 

am3 3 holes were tested. Germination of seeds of ' lent i l  local soall' 

demeasd drastically fmn 96% for  uninfes td  seeds to 26, 3 and 0% for 

seeds w i t h  1, 2 and 3 holes, respectively. 'Ihis is a c l w  indication 

of the daraaging effect  of seed infestation on germination. In 

addition, not all germinating infested seeds look healthy, therefore, 

next season the viabil i ty of the inf- seeds w i l l  be tested. 

Ihs. 0. Tahhan and S. Weigand. 

3.7. Lmtil Quality - Dehulling 

'Ihe world production of l en t i l  in 1985 was 2.6 million tons, of which 



arum3 75% was d l  seeded (micrm~erma) with a red ootyledcm. A t  

least half of the lentils are a x a m &  spli t  and dehulled 

f o l l ~  pmt-lmmest p-ing. Oespite the large wluw of 

procgsed lent i l  xe were unable to fird references to the process. 

Om sbdy of the t q i c  started w i t h  visits to lentil processing 

facilities in Pakistan, Syria and Turkey. Ihe follcwhg smmmrises 

the elemnts of past-hawest pmcessing caaaon to the facilities 

visited. 

Ierhil seed in the abave countries predaminantly a~mes fmn a 

hand harvest, transportation to a central threshing floor and 

subsequent threshing. A l t h a q h  the details of threshing and cleaning 

vary considerably, the pm3uc-e delivered to the lentil processor is 

very mixed fxmtaining up to &mt 20% impurities. Foreign material 

includes pcd wall, broken branch, soil, seeds of w e d  species and of 

cereals. Ihe f i r s t  stage in len t i l  prcessing is cleaning the 

produce using various &inations of sieves, a i r  elutriatim, 

hdrnted cylinders and sanetines a spiral separator. ?he clear& seed 

is stored in bins before stage two - wetting. The lentils are wetted 

by passage tlrcugh a tmu@ in which water a t  ambient tenprature is 

amthually f l a h g .  Residual water is then remwed h d i a t e l y  in a 

cmtrifugal dryer which spins the water off thmugh a fine grill. The 

seedsarethenstoredfor&m?~totelpr. metemperedseedis 

then separated into 0.5 nun size fracticns by passing thmc@ a rotary 

screen with round holes. Sized lentils are sent direct ly to the 

machine for -1% and splitting, henceforth called M l e r .  



Dehullers in Pakistan anl Turkey consist of hu horizontal rctuxl 

stones about 80 an in dianeter. 'Ihe top stone is stationary While 

the 1- stone ratates at armrd 950 rpn. 'Ihe distance between the 

stones is adjustable by the mwement of the 1- stone. Factories 

usually have m3re than one dehuller, each set for a different seed 

size fraction. In Syria the largeSt dehuller is a gravity-fed 

mtating cyl- type. After pruessing in the dehuller the mivtUre 

of whole anl split lentils, hulls, broken seed (s~ller fmqmmts than 

splits) and fine particles/dust are passed th?mqh an inclined gravity 

sepirator to remove broken seed and fine particles. Whole seeds are 

sieved f m  the splits and returred to the dehuller. The splits are 

fed into a horizontal-table gravity sepmtor which rocks with a thrm 

of about 30 an. This separates the dehulled f m  hulled splits, 

grades the dehulled splits according to size, and m e s  any residual 

foreign matter. The dehulled splits are then bagged for distrit9ltion. 

An experiment was undertaken to optimize post-harvest processing 

anl specifically to study the effect on dehulling efficiency of 

different pre-treatments, namely seed size fraction, inunersion time in 

water, dzyi rq time with f o d  air, tenpsmture of air used in drying, 

atxi stmaling tim following drying before dehulling. 

This research is the first attanpt to s h d y  the effects of 

different pre-treatnents on dehulling efficiency. The prooess of 

wetting lentil seed prior to splitting anl dehulling is, to phrase it 

in a different way, the maniplation of seed moisture content to 

optimize results. The key to efficient splitting and dehullbq will be 



in undeztgldirrg the relaticmship betceen seed moisture Ccntent and 

yield. ~t is clear f m  the results that hmrsion time is critical 

to -ling efficiency. Yields were highest with the briefest 

duration of wetting - 1 minute (Fig. 3.7.1) . Longer periods of 

-ion prqmssively increased soil moisture cofitent and reduced 

the dehulling yield t hmqh  an h m x s e  in split seed with hulls. 

Dehulling yield (%) 
85 1 

70 1 

0 5 10 15 20 25 30 
Immersion time (m) 

Figure 3.7.1. The effect of immersion time (m) in water on 
dehulling yield (2) for large-seeded ( 4 . 5 ~ )  
and small-seeded (4mm) lentil of a Syrian 
landrace. 

Ihe relationship hetween yield and drying time is hteresting. 

'Ihe briefest duration of drying gave the highest yield (Figure 3.7.2) . 
However, this high yield was associated with the lowest average seed 

moisture content amrpt the drying time treatments. 
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Figure 3.7.2. The effect of drying time after immersion in water 
on dehulling yield for large-seeded (4.5m) and 
small-seeded (4.5mm) lentil of a Syrian landrace. 

?he s b d i n g  t ime between drying and dehulling had a marked 

effect on dehulling efficiency. Allwing seed to temper for 24 hau3, 

in crmtrast to irrnrediate dehullirq, kcmas& the dehulling yield by 

allowing the seed mkbxe to f a l l  by 1%. 'Ihis gave a hiqher return 

of s p l i t  and dehulled seed. 

T h e  two seed s ize  fractions gave different yields on average. 

Haever, there were inportant interactions with both hkzrsion tiue 

and drying time. Both hteradions sha& that given @roper 

seeds give lower yields. But, with good moisture mnagement, large 

seed give a g o d  dehulling yield; they are merely more sensitive to  



pre-treabmt than smaller seeds. lhis echoes the Wkish dehuller 

who told us, "I can dehull any red lentil." 

In a seand &wly we examind the effects m dehulling of location 

a r d g e n o t y p e u s i n g t h r e e s i t e s t h a t m q e d i n t a t a l s e a x n a l  

precipitation l 3 u n  245-663 m in I&anon and Syria and 23 diverse red- 

cotyledon micmmema lines. Cehulling yield was masurd as the arm 

of spli t  dehulled seed, whole dehulled seed and whole hulled seed. 

!the average seed weiqht was 3.44 g/100 seed a t  a mean of 11% 

misture content. me dehulliq yield was 85.4% wer locatims 

and genotypes with the ccmpositim illustmted in Figure 3.7.3. 

Broken 8eed 
5% 

Hull6 
Split and dehulled 7% 

71% Un8plit and dehulled 
5% 

Unaplit and hulled 
10% 

Split and hulled 
n 

Figure 3.7.3. Distribution of seed fractions from splitting 
and dehulling lentil averaged over locations 
and genotypes. 

Ibe experinwt was designed to study the effect on dehulling yield 

of a wide range of genatypes gmwn in contrasting locations. !the sites 

covered a spctmm of soils and rainfall regimes typical of lentil  

pmduction in the Middle East with grain yields varying fanfold f m  



464 lqc/ha a t  Breda to 2,018 kg/ha a t  -1. ?'he 03- range 

in dehulling yield was only 1% a t  84.8-85.9% fmu 'Im%ol and Tel  Hadya 

seed, m v e l y .  'Ihe spread ameq locaticns in split dehulled seed 

% was also c a p r a t i v e l y  la fmm 67.6-73.8%. Althcugh the effect of 

locaticm, caused by differenoes in rainfal l  ard soil type, on 

dehullhq yield is stat is t ical ly  m y  significant, it is clearly 

cnly of minor emmdc i n p 0 r h - c ~  to the dehuller. 

?he 23 genotypes usgl. in the expriment w e r e  a diverse sample of 

red cotyledon rniacaenm gernplasm with a rarqe in 100 seed weight of 

2.794.31 g/100 d. 'Ihe spread anong this genetic mterial in 

dehulling yield was greater than for  locations a t  80.8-87.7%. ?he 

range between genotypes in % s p l i t  dehulled seed was even greater a t  

62.1-80.2%. T h e  broadserrse heritabil i ty value5 for all the seed 

pmcesshq characters were relatively hi* irdicat- that a -txie 

to selection for the traits m y  be confidently expected anmgst this 

genetic material. A l t h a q h  it is, thus, feasible to consider selecting 

for hprwed dehullhg prcpezties, a t  IC;AR[YI we w i l l  monitor the 

quality t r a i t s  and mintain Mem a t  a cclrparable level to the local 

a i l t ivar  while focusing on i q m i n g  the yield of seed arrl s t r a w  and 

other agroncmic dmracters. ?he ladrace ILL 4401 fran Syria had a 

high dehulling yield of 87.0% and an -ate value of 71.5% for 

Sp l i t  -led seed, pmid ing  a bench-mark for  onparison. 

Seed s ize  is of such mrtance t o  l en t i l  p m z e s i r q  that seed is 

always sieved into different size categories prior to dehulling. An 

i l lustration of the variation in seed s ize  armrgst the genotypes used 



i n  Ms study is given in Figure 3.7.4. In this exper* the same 

seed size fraction of the genotypes was carpared in dehulling, dl- - genotypes differed greatly in awrage seed size. As the 

association of 100- seed weight with dehulling yield % was slight at 

r = -0.229, it is clear to the breeder that the average seed size of 

red cotyledon mi- cultivars for &hulling is inmaterial. 

Proportion of seed (%) 
70 

60 

50 

40 

30 

20 

10 

0 
3.5 3.5 4.0 4.5 , 4.5 

Sieve size (mm) 
Figure 3.7.4. Seed size fractions following sieving through 

round holes of two contrasting red-cotyledon 
lentil lines. 

' Ihis study has focwd cn the effects of lccaticn ard gemtype an 

dehulling. In  an effort to increase dcrcamma len t i l  

seveml different ma~gement practices, such as early sawing, -te 

and R h i z c b i ~  application and mdm-Lcal brwsthg, are being widely 

tested in West Asia. It is important tha t  the effect of these factors 

on lent i l  dehulling is -tored to avoid losing gains in yield i n  the 

field during precessing. 

Drs. W. Elskine and P. W i l l i a m  and M ~ - H .  Nakkarl. 



In acwrdanoe with the decision of the Consultative Graup on 

International Agricultural (OGIAR) to Fhase-art crop 

inprovemmt on faba bean a t  ICARW arrl to transfer this to 

a North African rxitional resear& program, the ICARW faba bean 

inprovemnt team was transferred to muyet Researrh Station (near Fes) 

of INRA, ~~ as of se&aber 1, 1989. activities of faba 

bean a t  ICAFUR headqmrkrs rrcrw only involve the germplasm collection. 

Core activities on faba bean w i l l  be ccpnpletely phased cut by the end 

of 1991, except t h a t  collection, conservation, evaluation, 

documentation, a d  distribution of germplasm w i l l  be continued in the 

Genetic Resaurces Unit, am3 dissemination of information t h x q h  the 

carnrmnication, Dmmmtation arrl Information Unit. R e m i n i n g  core 

activity in the interim period w i l l  aim to ensure a smooth transfer of 

reseazrh t o  the INRA, Kmcco national progmn, which w i l l  assume the 

faba bean hprovemnt activities of ICARDA af ter  1991. The shift of 

faba bean inprovement f m  IcARnA, Syria to INRA, M o m a x  is shown in 

Figure 4.1.1. 

Faba bean is predaninately grawn in wheat-based farming system in  

the WANA region, minly in medium rainfall environments (abave 450 nun). 

For this reason wet Research Station near Fes, Momam, w a s  chosen 

as the site for the transfer of faba bean hprmement research f m  

1- to INRA, M o m a x .  !the goal of faba bean hprovement research 

has been to make the crop more ampetitive w i t h  other crops, thereby 

halting the decline in faba bean area aver the past twerrty years. With 



Area (ha) 

"I 

- 
Tel Hadya Terbol Lattakia Morocco 

Figure 4.1.1. Shift of ICARDA faba bean 
improvement research to 
North Africa. 

faba ban as a mre appealing alternative to cxnthww cereals, a nnre 

sustainable fanuirq system d d  be developed in the d u n  Wall 

areas of WNA. With the shift of faba bean resemxh to 

North Africa, major -is was given to tmnsferring the mrk on 

resistance to major pests (orobandE, chocolate spot, rust, nernakdes 

an3 aso=&yta blight) and to inpme plant response to praiuctive 

envimmmts thmugh altering the plant type. The relative priorities 

given to mseatd~, training and mtwoing have shifted tawards 

training ard netmrkhg as the active is @msd art (Figure 

4.1.2). 
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F i g u r e  4 . 1 . 2 .  Trends i n  emphasis  of a c t i v i t i e s  
of ICARDA f a b a  bean improvement team. 

4.1. Dwelapmk of CliLtivars ard Genetic Stoclcs 

Faba bean breeding concentrated on pmiding high yielding lines with 

acceptable consumer traits such as large-seded, long-wed lines for 

vegetable use, large and h t e m d i a t e  seeded lines as pilse and small 

seeded lines for use as animal feed. Protein content of al l  advanced 

lines w a s  monitored to ensure mhtename of the high nutritional 

quality of faba bean. ?he mjor activities of faba bean hpmement 

kere on resistance to biotic stresses and in altering the 

plant type to control vegetative growth, flower and pod drop, and 

converting faba bean into a self-pollinated crop. 



The objective of resistance b m  was to p r u k e  lines 

resistant to chaxlate spot, ascoc]rlta blight, rust, and Ol-obanche in 

ba&gram3s useful to mtiondl programs in the WAN?+ region. Haever, 

with the shift to North Africa, there has been a shift in relative 

priorities given to pests. Mre m@asis is being given to Grdmn&e 

and nematcdes and relatively less to fungal pathcgens (espcially 

blight). Ihe shift in relative priorities in resistaxe 

~ i s s h c u n i n F i g u r e 4 . 1 . 3 .  Resistantsowxeswereuseiinthe 

breeding program, distrikuted to ~ t i o n a l  programs as such or in 

enhaxed gemplasm, and were canbind into mrltiple pest resistant 

pawRal-. 

I ~ o t r y t l s l r ~ s t  Orbanche 

O Asccchyla  ama at ode. 

Year 
Figure 4.1.3. Shift in relative priorities for 

pest resistance research in faba 
bean at ICARDA. 



on a l m t i v e  plant types strove to jnuease bicmss, 

seed size, earliness, ard to h r p o r a t e  disease resistance. The 

closed fl- type was used to start prduction of germplasm pools 

adaptable to the WLNA region for production of self-pollinated faba 

hall. 

Gernplasn distribution was acanplished thraqh  providbg sources 

of resistance and a l m t i v e  plant types in genetic ba- useful 

to m t i d  prograns, mainly of the WANA region. Saurces of resistance 

for ucesing proqam, early generation lines, and advanoed lines and 

"pre-selected" segregating pgulatians were distributed Urwgt~ the 

International Testing Network. With the e t  of faba bean 

inpmemmt resear&, this activity is being shifted to regioMl 

Inrseq networks s x h  as the Nile Valley m i d  Program and the North 

Africa % i d  Program F a h  EBan Nurseries. T?.m regional nurseries 

ware started in North Africa, a large seeded and a snall seed yield 

t r i a l  w i t h  half the entries contrilxtd by the rational pmgrarns of the 

region. INRA, tbrocco w i l l  assme the respnsibility for coordination 

of these trials. 

4.1.1. U s e  of e n k w d  w l a s m  by naticnal pmqamz 

Iran released 'Barakat' for green pod production in 1987 because of 

higher green pcd and dry seed yield, ard because of partial resistance 

to cfiocolate spot ard Asacbyta blight. Line 80S43977 has been 

released as 'Favell in Portugal in 1989 because of high yield ard large 

s e d  size. In Ethicpia a cross tulk has been p r i f i e d  and is m in 

prerelease rmltiplication and in Chile and Iraq IIE 1814 is in pre- 

release rmltiplicaticn. 



Table 4.1.1. Use of ICARW lines by National hogranrs. 

Camtry Line use 

Algeria 
Olile 
China 

Esypt 
Ethiopia 
Iran 
Iras 
-rtwJ.l 
Syria 

1 4  lines 
IIB 1814 
FLIP 8 6 - 1 4 6 ~ ~ ~  
3 lines 
IIB 1270 
7412112050 X 74TA236 
IIB 1269 
IIB 1814 
80543977 
80544027 
FLIP 84-239d 

 location test- 
-release mltiplication 
Q1-farm trials 
Idrye scale increase, 1 ha each 
Pre-release mltiplication 
Pre-release mltiplication 
meased as 'Bara)catl 
Pre-release mltiplication 
meased as ' F a d 1  
Cm-fam trials 

bbminate line. 

Detemhate lines are in on-farm trials in china and Syria. In 

Syria 80S44027 is in the second year of on-fazm testing. FL;TP 86-1461% 

was chosen for on-fam trials i n  sarthern China because this 

detemhate line f i t s  in w e l l  with the p te cotton-faba bean 

relay cropping system. In Algeria 14 lines were pmvided for mu l t i -  

location testing. A s u m ~ l y  of the use of ICARW lines for milti- 

locational, on-farm, and verification trials is given in Table 4.1.1. 

With the tmnsfer of ICARW faba bean hpmvement activities t o  

Lkuyet, MDrocco and the planned -ion of respcolsibility for this 

by INRA-Morocco after 1991, efforts on production of finished cultivars 

have been and kcmasing en@asis has been given to the 

prduction of enhanced germplasm pools and genetic stocks for the use 

of national prograns. The Momaxm national faba bean ~ m v e m e n t  team 

is being develop4 to absorf, the advanced cultivars frun the ICARIYL 

P=¶r="- 



Resistance to pests cvwtibkes the bulk of specific requests of 

national programs, m l y ,  residmce to O d m x i ~ ,  *late spot, 

stem nematodes, blight, ard lust. Egypt has used ILE 938, a 

disease resistance sanxe,  for productian of fa.r lines which are to be 

released with resistance to chocolate spot ard rust (Table 4.1.2). For 

this reason there was an evaluation of 136 disease resistance scurces 

Table 4.1.2. Use of ICUlX gemplasm, resistance scmces, pcpllati~n~, 
ard early generati- lines by National hpgrans in 1987 and 
1988. 

Year Country No. of Type of material 
lines or 
cnxses 

1989 Algeria 

1989 Algeria 
1987 Egypt 
1982-88 Egypt 

1988 Egypt 
1988 Egypt 
1988 Egypt 
1989 Egypt 
1980-89 Ethiopia 
1984-89 Ethiopia 
1984-89 Ethiopia 
1988 China 

1989 M o m  

1989 MO~UXO 
1988 Sudan 
1988 Sudan 
1988 Tunisia 
1989 Tunisia 

1989 Tunisia 

Disease resistant lines for yield testing 
i " - 9  
cetl=Jmmate llnes m xreening rausery 
BPL's a d  xreening 
IIB 938 used for crpsses t o  dwelcp disease 
resistant varieties 
BPL1s aphid 
Early gewatlon lines for Screening 
F2 popllations-IVS 
Bnls aphid 9 
Qms k a l k  plrlfled for variety release 
Lines in advanced national yield trials 
Early generation lines in xreening nurseries 
F-, p m e s ;  F3 Bulks Chinese Disease 
resistance; IVS, deter. pcpllations and 
p q e n i e s .  
F2 popllations ard F3 derived prcgenies 
Crmsesmade fordisease resistance, IVS, 
anddetemhate 
Disease resistant lines for yield testing 
in nurseries 
De-te lines in screening nursery 
F2 pcpllations IVS 
F7 popllations-earliness (Sudan & Chinese) 
Urns for disease Screening nursery 
Disease resistant lines for yield testing 
i"-?urse~y 
Detl=Jmmate 1- m screening nursery 



for the I-ICARW descriptor list with the aim to produce a catalog 

for the use of breeders and pathologists to wmve their efficiency in 
selection of resistance wmxs for bredbq programs. In the past two 

years 1200 BPL's (pre line gernplasm a-icsls) have been prwided to 

Egypt for aphid resistance sueenbq. In 1989 lims selected for 

disease resistaxe and yield and other agnmanic traits wre 

d i s t r h b d  to the national prcgrams of North Africa for selection for 

yield testing. 

cTosses have also been made between large seeded types such as 

Aquadulce and New Manumth with local l h r x s  at the request of 

rational progmms, and F G 3  pcpllatiohs pmided (Table 4.1.2). In 

1988 5 ppiiations with the IVS (irdependerrt Mscular ~ l y )  trait 

have been -lied to China, Egypt, Sudan, and at their 

request. In 1989, 96 crosses were uade at Daryet, W m  with 

Aquaduloe and other large seeded types ard sanres of resistance, IVS 

and detenuinacy. 'Ihe Flts are being gnxn  the caning 1989/90 season to 

prcduce F2 pqulations for selection. Detemhate lines have been 

prwided to Algeria, M o m  and Tunisia for selection in the 1989/90 

seascol. ~n Ethiopia 27 ICARIYL lines are in advanced national nedti- 

locatim trials and one pified bulk has been further plrified for use 

in verification trials and suhnission to the variety relaase cumnittee. 

'Ihe min anphasis in faba bean breeding will be to ensure a snn&h 

transfer of ICARW inpmwmnt research to INRA*mcc0, and the ather 

national prograns of North Africa. %is will be transferring 

enhaxed germplasm, visits to NAFSts in North Africa ard close 



mllaborative mrk  w i t h  colleagues i n  the national prcgrams in 

exploiting the full potential of the enhanced germplasm. 

Dr. L.D. Robertson. 

4.1.2.  o of trait specific- stodrs 

D i s e a s e  resistance research includgl maintaw the uniformity of the 

disease resistant inbmds for d i s t r i h t i on  to mticnal progranrs in 

international disease screening nurseries d for use in producing 

sagregat- m a t i o n s  with disease resistance for selection by 

national breeders and pathologists. Mcst work on disease resistance 

involved selection from Fj to F6 pmgenies with disease resistance and 

yield for use in the mtional prograrm of North Africa. 

4.1.2.1. Gemplasm for 8' msistarne 

c n z m b :   roama ape (Ordmxhe crenata) is considered to be 

the m s t  important limiting factor in faba bean prcctuction thnxghout 

North Africa. With the transfer of faba bean inp,rw& researrh to 

wet, M o m  e q h s i s  on sxedq for resistance to Ombanche has 

A. Success f m  s c r e n h q  the BPL collection has been limited. 

mm two years of screening 600 BPL's, nine single plant selections 

have been made from f a r  BPL's. 

In 1987/88, 50 progenies frun the - (F402 X INIA 06) X F402 

were screened a t  Lattakia. In general, these progenies q ? x s s d  more 

resistance to oxhnche  than previcusly seen. Wive of these &awed 

uniform resistance t o  Ombanche a t  a mch higher lwel than seen 

previcusly. lhese were retested in 1988/89 and were again f a s d  to be 



Table 4.1.3. Reaction of faba bean entries to Orchmhe c??=nata in the 
F6 Ord3anche Nursery-1-89. 

No. of Qvss No. No. of OlPbanche Reaction 
Sel. shmts/hcst plant 

F402-06 
F402rnO6 
F402xINIA06 
F402-06 
F402WNIAO6 
F402-6 
F402XDlIA06 
F402WNIAO6 
F402XlNAO6 
F402xINIA06 
F402-06 
F402XlNAO6 
IIB 1814 

very resistant (Table 4.1.3). Eighty-single plant selections f m  

these progenies were also fomd to be resistant to Orcbnche in 1988/89 

at Lattakia. These are rn being tested along with over 150 new 

introductions frm Spain at tauyet, M o m .  m e  original progenies 

selected by Drs. J.I. Cubero and J. l+emar&z at Cordoba, Spain. 

Cmsses are being made in Spain to carbine this Orobanche resistance 

with the Aquadulce l h c e  type and at w e t  to ccwbine with 

chocolate Spot resistance sources. 

Drs. S.B. Hanamik, L.D. Rabertson and K.H. Linke. 

Eaesis tanZ to vhxses: Screening for resistance to BLRV and BYMV 

startecl in 1986 using the BPL collection. Accessions are artificially 

inrmlated using aphid vectors in the plastichouse and in the field 

using screMhaws for self-polliration. Tu-date, 650 EPL acoessions 



have been screend for BIEN resistance and 350 BPL acsss ions  for BYMV 

resistance. Fcur a-ions have been fan-d resistant to BIEN in 1988. 

W f a r  a-ions (BPL 756, 757, 758 and 769) are f- Afghanistan: 

they had a delayed q r e s s i o n  of first virus symptars ( l q  latent 

period), araud f a u t y  days, canpared to 10-12 days for the susceptible 

lines. When tested in 1989, rn 756 and BPL 758 wre also fourd to 

have good tolerance to m. In 1989 fcur BPL1s (EiPL 1351, 1363, 1366 

and 1371) were f aud  to have a high level of resistance to BYMV. 

m. K. M&k& and L.D. Rb&Son. 

4.1.2.2. ~ k z v e l q n ~ &  of &=ease-resistant inbred lines. 

In the 1988/89 season the inbred collections for chocolate spd, 

a.?axhyta blicjht, rust, and stem m t c d e  were ' 1 unler mesh- 

covered screenhouse to mintdin p i t y  and h q e n e i t y  of disease 

reaction. These s a x r e  w e r e  distribrted to national programs in the 

form of disease screening nurseries and i n  bulked segregating 

e a t i o n s  flpreselectedlf for disease resistance. 

'Ihere are 287 selections for chocolate spot, 308 for asaxhyta 

bliqht, 64 for rust, and 13 for stem nematodes (Table 4.1.4). In 

1988/89 54 selections for axochyta bliqht resistance, 58 for chocolate 

spot resistance, and 24 for rust resistance w e r e  evaluated for the 

IBPC;R/ICARCYL descriptor list in a sirrple l a t t i ce  experiment. 

The frequency distribution of the disease inbreds for seed yield 

is shm in Figure 4.1.4. There were 15 of the resistant sources with 

yields equal to the mean of the checks, four m y t a  sources, seven 



Table 4.1.4. Scms of the mDst inportant inbred sanres of resistance 
for cfumlate spot, asxdqta blight, ard rust. 

Ascdytd blight BPL 74, 230,365, 460, 465, 471, 472, 646, 818, 
2485; ILB 752; L83118, 183120, 183124, 183125, 
183127, 183129, 183136, 183142, 183149, 183151, 
183155, 183156, 182001. 

BPL 7, 8, 260, 261, 263, 309, 406, 417, 427, 484, 
490, 524, 533, 539; Sel. 82 Idt. 15563-1, 2,3,4. 

1. There are several sublines of nust scxlrces listed. The accessims 
are listed in the decreasing order of their efficacy. 

Frequency (%) 

Check mean (2480) 

" 
600 1000 1400 1800 2200 2600 3000 

Seed yield (kgfha) 

Figure 4.1.4. Frequency distribution of seed yield (kglha) 

for 136 disease resistant sources. 



chocolate spot scurces and four rust scurces. Then? was cwnsiderable 

variability for seed weight with the disease scllrcms, me hundred seed 

wight varied fmm 29 to 107 a/& (Figure 4.1.5) oarpared to 48 g for 

the snall seeded ckck (IIB 1816) and 144, for the 1-e s e d d  check 

(IIE 1814). Ihe majority of the disease mistant inbreds thigh, were 

of small seed size, in the range of 50-70 g per ane-hudr63 seed. 'Ihey 

were, on the average tm days later fl-irq than the checks the 

distribution of flowering date was skewed taJards later flowering 

(Figure 4.1.6, skewness=1.28) . The disease resistant inbreds had more 

pdls per plant than the three large seeded cfiedcs (IIB 1814, IIB 1817, 

IIE U70) (Figure 4.1.7) ard were nearer the smaller seeded check (IIB 

1816), d c h  matdies the results for seed weight. A similar situation 

was fanrl for pa3 lenjth (Figure 4.1.8) . 

Frequency (%) 

ILB 1816 (48) 

" 
30 40 50 60 70 80 90 100 110 120 130 140 150 

One hundred seed weight (g) 

Figure 4 . 1 . 5 .  Frequency d i s t r i b t u i o n  of one hundred s e e d  weight  

(g)  f o r  136 d i s e a s e  r e s i s t a n t  s o u r c e s .  

ILB 1814 (144) - I + ,  

15 - 



Frequency (%) 

30 r 

110 111 112 113 114 115 116 117 118 119 120 

Flowering date (days) 

Figure 4.1.6. Frequency distribution for flowering date 

(days) for 136 disease resistant sources. 

Frequency (%) 

25 i 

Large seed 
checks (9.6) 

ILB 1816 (15) 

1 

Pods per plant 

Figure 4.1.7. Frequency distribution for pods per plant for 

136 disease resistant sources. 



Frequency (%I 
30 r 

Large seeded 
check mean (9) 

., 
4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 

Pod length (crn) 

Figure 4.1.8. Frequency distribution for pod length for 136 

disease resistant sources. 

A study of correlaticars amcslg these traits rweals the same 

pattern as f m  when 840 BPL's w.re evaluated in 1985/86 (Table 

4.1.5) . There are highly significant correlations among seed yield, 

one hudz-4 seed weight and pod length. Fld~ering date was negatively 

correlated with s e d  yield (F-0.50**). 'Ihis data is be- ampiled in 

database form and a catalog will be phlished. 

Drs. L.D. Rcbertson ard S.B. HaKxmik. 



Table 4.1.5. Correlaticms ammg the 136 disease ~ i s t a n m  swces 
gmm at Tel Hadya in 1988/89 (upper diagonal) and for 822 
BPL accessions gram at Tel Hadya in 1985/86 (lcwer 
di-) , -34, and df=820 respebively. 

Seed yield Date of 
fl0W.riI-g 

Seed yield - -0.50** 
Date of f1miI-g -0.48** - 
Cnetnudred 
seed weight 0.68** -0.43** 

RdmmJ3er -0.04 0.04 
Fo3 1- 0.55** -0.39** 

cme+&&d 
seed weight 

*, ** Significant at the 5% and 1% levels, mspectivdy. 

4.1.2.3. -hlat.bl O f  resistance with local adaptaticn 

miS activity was shifted to Dmyet in 1989. Several technichm wxe 

t r a h e d a t k u y e t i n c r o s s i n g a n d 5 8 c r o s s e s w e r e m a d e ~ t h N a r t h  

Africa lines for disease resistance. 

4.1.3. W c p e n t  of hpwd d t i v a r s  am3 genetic stocks for tibat- - systems. 
Faba bean in most of the ICARDA region is gmm in wheat-- farming 

q&ms %here there is a-te rainfall/~lmentary irrigatim. 

Faba bean is used to a large extent as a green vegetable with the 

mqdnmmt of w e  seeds ani 1- pods. Small s e d d  faba bean is 

used as an animal feed qlement in the region and straw is d q p d  

and used as forage. 'Po be coanpetitive with other mqe in this 

fanning system faba bean has to have hi* and stable yield. llh 

necessitates genotypes with resistance to Omhn&e manta. BotnRk 



r -uaur - *a  
r l r l r l r l r l r l r l  
m m C O ~ m C O C O  
r l r l r l r l r l r l r l  

3 3 3 3 3 3 3  H H H H H H H  3 3 3 3 3 3 3 3 3 3  
H H H H H H H H H H  



fahire, Ditvlemhus adii, &ax&* fahe ,  and U n m w s  fabae. 

-is was therefore placed on develapirgins such gemplasm, and for 

1988/89 most crcses involved a t  least one pest resistant parent. All 

advanced and preliminary yield trials were conducted not only a t  Tel 

H a d y a a n d ~ l b u t a l s o a t a u y e t .  

4.1.3.1. Yield ptxdhl  of faba b a n  

me 1988/89 season at Tel Hadya was very cold and dry. Replicated 

trials of 295 lines were caxbckl a t  %l Hadya (Table 4.1.6). Because 

of the dry and cold sekson yields were severely depressed with the 

highest yield only 2.0 t/ha as against 5.1. t/ha in 1987/88. The 

C.V. Is v also high ampared to 1987/88. A tatdl of 156 entries 

ecededthebes tcheck  ( o r t e s t s m a l l s e e d e d c h e c k i n s m l l ~  

trials) but only 54 of these were significantly better than the check 

a t  Ule 5% pro$ability level. 

A t  -1, L&mon the season was mrh bettar and in replicated 

trials of 295 lines the highest yielded was 4.7 t/ha as against 4.2 

tJha in 1987/88 (Table 4.1.7) . A total of 80 lines cutyielded the best 

check (or best small seeded check in small seeded trials) with 4 lines 

significantly better a t  the 5% probability level. 

The season a t  w e t  was marked by lcrw rainfall and poor 

distribution. Also, a t  flcuerirg time there was a hot w i n d  wNch 

sevmdy affected seed set. C.V.'s were very high and ranged fran 30.9 

to 55.4 %. The highest yield in replicated t r i a l s  of 295 lines vas 

3.63 t/ha. A total of 96 lines cutyielded the best check (or kes t  



Ta
bl
e 
4.
1.
7.
 

II
Ps
ul
ts
 o
f 
fa
ba
 b
ea
n 
yi
el
d 
tr
ia
ls
 g

ra
w

n 
at
-1
, 

19
88
/8
9.
 

No
. 
of
 
li
ne
s 

e
x

rz
s

s
ig

 
se
ed
 Y
ie
ld
 
(t
/h
a)
 

L
.S

.D
. 

b
e
s
t
c
h
e
c
k
 

=
B

e
s

t
 

ch
ec
k 

No
. 
of
 

Si
gn
if
ic
an
tl
y 

Tr
ia
l 

li
ne
 

&
e
ck

 
v
s
. 
l
i
n
e
 
C.
V.
 

Tr
ia
l 

te
st
 e
nt
ri
es
 

m
ta

l 
(
P
0
.
0
5
)
 

m
e
a
n
 

m
ea

n
m

ea
n

 
(
P
0
.
0
5
)
 

(%
) 

C
he

cl
cs

 

F
B

n
T

-L
 

2
2
 

0 
0 

3.
29
 

3.
70
 

3.
73
 

0.
50
4 

11
.2
 

1
I
E
1
8
1
4
 

I
I
E
 1
8
1
7
 

F
K

N
T

-S
 

2
1
 

1 
0 

3.
84
 

4.
57
 

4.
50
 

1.
03
2 

19
.6
 

I
I
B
1
8
1
4
 

I
I
E
 1
8
1
7
 

1
1
8
 1
8
1
9
 

FB
IS
N-
LI
 

36
 

5 
0 

3.
78
 

4.
51
 

4.
16
 

0.
52
5 

10
.2
 

I
I
E
1
2
7
0
 

I
I
E
 1
8
1
4
 

I
I
B
 1
8
1
7
 

N
 - 

Fl
3X
SN
-s
1 

36
 

23
 (
2
4
)
 a
 

3 
(3
) a
 

3.
46
 

4.
20
 

3.
46
(3
.4
4)
b 

0.
60
6 

12
.9
 

I
I
E
 1
27
0 

V
I 

I
I
E
 1
81
4 

I
I
B
 1
81
6 

I
I
E
 1
81
7 

A
W

L
 

4
5
 

5
 

0 
3.
24
 

3.
65
 

3.
55
 

0.
58
7 

13
.3
 

I
I
E
 1
81
4 

I
I
E
 1
8
1
7
 

3.
88
 

4.
49
 

4.
15
 

0.
51
0 

9.
6 

I
I
E
 1
8
1
6
 

I
I
E
 1
8
1
7
 

-
-
 

P
r

P
L

 
4
5
 

18
 

1 
3.
68
 

4.
57
 

3.
76
 

0.
61
2 

12
.2
 

I
I
E
1
8
1
4
 

I
I
E
 1
81
7 

P
rr

-S
 

4
5
 

21
 

0 
3.
97
 

4.
70
 

4
.
0
5
t
4
.
0
5
)
~
 0
.5
25
 

9.
7 

I
I
E
 1
8
1
6
 

II
B 
1
8
1
7
 

I
I
B
 1
81
4 

Re
su
lt
s 
of
 
re
pl
ic
at
ed
 t
ri
al
. 

a.
 

M
rm

be
r 
of
 
li
ne
s 

e
x
c
e
s%

q
 th

e
 b
es
t 

m
a
ll

 s
ee

d
ed

 c
h
ec

k,
 o
r 
si
gn
if
ic
an
tl
y 
gr
ea
te
r 
t
h
a
n
 t
he
 k

e
d

 
sm

al
l 

se
ed

63
 c
he
ck
. 

b.
 

E
ie

st
 s

w
il

l 
se
ed
ed
 c
he
ck
 m

ea
n.

 



Bnall seeded check in &1 M trials) with 6 1- significantly 

htt8r at the 5% probability (Table 4.1.8). 

Dr. L.D. -. 

4.1.3.2. papilations 

?his year 800 single plant selections were made in 210 F2 Kpilations 

gmm at w, mocco for detemhate and IVS plant type. These 

will be planted as F3 pn=geny rars at Dmyet, and at MeIms (for 

disease resistance m) in M o m .  Single plant selections 

totalling 200 made at wet in F2 populations pmducd for North 

Africa and are being scmend for disease resistance this year at 

m. ~t Al-~enzah, mmom 270 selections were made i n  226 F~ and 

F6 prcgenies for chocolate spot resistance. 

At Tel Hadya 207 single plant selections were made in 450 F5 

progenies previously selected for disease resistance at Iattakia. 

'Ihese will be test& for disease resistance at Meknes, Morocco in the 

1989/90 season. At Lattakia 244 determinate slections were  made in 100 

F3 pmgeny -. Selections totallin3 395 and 176 were made for 

chocolate Spot and ascozhyta blight, respedively, in 209 and 100 F4 

progeny m. This material will be tested for disease resistance at 

I&knes in the 1989/90 SeaScn. 

4.1.4. M c p r e n t  of altenmtive plant-type 

4.1.4.1. W te faba bean genetic stoclcs 

T h e  determinate habit is of potential i q m m  in faba bean 



W
l
e
 4.
1.
8.
 
W

ts
 
of
 
fa
ba
 b
ea
n 

y
ie

ld
 t
ri
al
s 
gr
rr
wn
 a

t 
D

a
n
p
t, 

19
88
/8
9.
 

No
. 
of
 l
in
es
 e

x
c
e
s
in

g
 

se
ed
 v

ie
ld

 
L.
S.
D.
 

b
g
t
*
 

B
e

s
tB

e
s
t 

ch
ec
k 

No
. 

of
 

Si
qn
if
ic
an
tl
y 

Tr
ia
l 

li
ne
 
ch
ec
k 

vs
. 

li
n

e 
C

.V
. 

T
ri

a
l 

te
st
 e

n
tr

ie
s 

'It
rt
a
l 

(
p
o
.
0
5
)
 

ll
le
an
 

n
~

a
n

m
8

a
n

 
(
m
.
0
5
)
 

(%
I 

C
h
e
ck

s 

55
.4
 

II
B 
18
14
 

I
I
B
 1
26
6 

38
.0
 

I
I
B
 1
81
4 

I
I
B
 1
81
9 

I
I
B
 1
26
6 

34
.9
 

I
I
B
 1
27
0 

I
I
B
 1
2
6
6
 

t! 
II
E 
18
14
 

4
 

45
.6
 

I
I
B
 1
27
0 

I
I
B
 1
81
4 

I
I
B
 1
2
6
6
 

35
.2
 

I
I
B
1
8
1
4
 

I
I
B
 1
26
6 

30
.9
 

I
I
B
 1
81
6 

II
E 
U
6
6
 

32
.9
 

I
I
B
 1
81
4 

I
I
B
 1
26
6 

35
.2
 

I
I
B
 1
26
6 

I
I
B
 1
81
4 

M
ts
 
of
 
re
pl
ic
at
ed
 t

r
ia

l.
 

a.
 

M
n

d
zr

 o
f 
li
ne
s 

e
x

e
d

n
g

 t
he
 b
es
t 
sm
al
l 

se
e
d
e
d
 c
he
cl
c,
 o
r 
si
gn
if
ic
an
tl
y 
gr
ea
te
r 
th
an
 t
he
 b
es
t 

sa
al
l 

se
ed

ed
 c

h
ec

k.
 

b.
 

B
es

t 
d

l
 

se
ed
ed
 c
he
ck
 m

ea
n.

 



prodwticm m which are either irrigated or are highly fertile. 

Its use  w i l l  curtail excessive vegetative gmwth and subseqwrrt 

lodging, and w i l l  give a increase in harvest idex.  

?he detemhate nutant fmn N. Eurqre is poorly adapted to the 

IWli- envbmnmnt, and efforts are being made to transfer the 

c h d m C t e r i n t o a n a d a p t e d h K . ~ .  'RLiSworkwasshiftedtorcuyet, 

mmcm in the 1988/89 season 26 mxses were made w i t h  qwxhlce 

and other types adapted to North Africa. EQAasis was given to disease 

resistance and sea3 size and pod length which are inportant for North 

Africa. 

Feplicated yield trials were co&uctd with 138 lines a t  Tel 

Hadya, and 95 lines a t  lkrbol and Emyet. Except for lkrbol, yields 

were severely depressed by the unfavoumble mtber conditims. ?he 

overall -te line yield mean a t  -1 w a s  2.5 t/ha vs. 1.09 

t/ha for the determinate check and 3.94 for the mean of the best 

h k t m m h a t e  check of each trial, while the best d&elmhate line 

yield was 3.34 t/ha. A t  Te l  Hadya and Emyet the C.V's were  very high 

and the best h k t e m h a t e  check yielded less than 1.5 t/M. Still the 

of the detemhate lines was 0.82 t/ha and 0.55 t/ha a t  T d  Hadya 

and Dmyet, respectively vs. 0.36 and 0.29 t/ha for the d e t e m i ~ t e  

chec3t. The detemhate chezk was the origindl mutant as received. 

Dr. L.D. Robertsan. 

4.1.4.2. vascular aqply ark3 clased fl- 

Lines with the independent vascular supply have each flcwer in a mceme 



with an irrdependent Mscular sipply (IVS) so that many mre floweKS in 

a raceme pmduae pods and fl- shedding is greatly reduced. Work was 

carried out us- the new, earlier fl-w saurce bas& on Sudanese 

Triple &te. A Mal of 410 selecticm were made i n  40 Fz pc@ati= 

a t  wet in 1989. Half of these involved a disease resistant parent 

and are being screened a t  Meknes the next year for disease resistance. 

A total of 403 selecticm were ma& in 300 F~ prqeny rows a t  Tel Hadya 

v h i &  w i l l  be tested a t  wet and Msbes, M o m  the caning season. 

Major w r k  is be- carried cut to incorporate earliness, disease 

resistance and large seed size in the IVS badqrmnl. 

With tightly closed fl-, autQPssing can be as Iw as 5%. 

Until this season, m a t i c m s  and pngenies fmn cruses with the 

available wxces of closed f l w  character have been very late. A t  

Tel Hadya 49 single plant selections could be made for closed flawer 

am3 earliness in F3 ard F4 prcgeny nws. lhese w i l l  be us& in Exoan 

in 1989/90 for m a k i q  additional crosses to continue adaptation to the 

xeditenanam envirmmnt. 

Dr. L.D. w. 

4.2. Faba Bmn 

4.2.1. BiolOgicdL omtrol of C L ~ M ~  

A total of 16 fungi were isolated on potato dextrnse agar (F7X) fron 

mturally i n f e  Q. crenata stem and f l m  parts. Zhese isolates 

were plrified, gmwn on FfX a t  roam tmperature (18 OC _+ 4) for two 

weeks, then the pathcgenicity of cmly fcur m t i a l  isolates was 

tested on b3th Q. m t a  and Vicia faba. 



Fathagmicity tests were  carried cut m two gnxrps of plants of 

the Syrian local faba bean d t i v a r  (1- 1814) grown in an artificially 

i n f e s t d  soil in the field (10 seeds of Q. mmata/l cc soil) .  In ithe 

f i r s t  gmup, plants were iKIcvlated w i t h  these fungi a t  the 1-2% 

flowering stage, and in the secmd grrup plants were iKIcvlated a t  the 

40-50% fl~wering stage. Inocvlations were made a t  the abave two stages 

to study the susceptibility of both faba bean and 9. to these 

fungi, in d a t i m  to the stage of gmwth and developnent of amp and 

parasite. Tihxcles of Q. cxenata were mastly less than one an in 

dimneter a t  the time of early imculation, whereas a t  the time of late 

inoculation they became whitish stalks w i t h  a W t e r  of 1.5-3 an. 

A total of four petri dishes of each fungus were mixed sepmtely 

with 1000 cc of six weeks old autoclaved soil (two times, 3 hrs. each, 

a t  120 OC). The soil anxlnd the base of the sten of eacb faba bean 

plant was remwed gently, t o  a depth of 10 an, and a radius of 20 an. 

T h e  soil-fungal mixture was added to the hole faba bean stars 

and zPots, and plants were irrigated with 2 1 of water per plant 

M a t e l y  th-fter and two a d d i t i d  times a t  weekly intervals. 

D i s e a s e  develqment on local faba beans and Q. -ta plants was 

m r d e d  a t  the 100% pcddhg stage. 

The results of this test (Table 4.2.1) shckJed that the four fungi 

were generally mre pathogenic on 9. crenata a t  the early as axpred 

to the late stage of devel-t of the parasite. These results shawed 

also that P h m x s i s  sp. w a s  mre pathogenic on Q. -ta than on faba 

bean a t  the 1-2% flcwering stage of the host, ccanpared to the remaining 



Table 4.2.1. Pa-enicity of certain fungi on Vicia faba and Odxmhe 
crenata a t  different grorJUl stages of faba bean plants i n  
the field. 

Disease reaction -1 - % amim 40-50% fl-in9 
y.- 0.crenata y.faba 0.creMta 

fitemaria infectoria E. 1 2 1 1 
Fusarium (Mart.) Saw. 3 3 2 2 
Sclerotinia a. 4 5 2 2 
-Y Sp. 1 5 1 2 

1. D i s e a s e  reaction was recolded on faba bean stem and roatS and on 
Orrbanche stalks, khere: 1 = 0-5% nexcsis, 2 = 6-25% necxcsis, 3 = 
25-50% m k ,  4 = 51-75% -is, and 5 = 76-100% -is. 

three fungi an3 auld be used as a potential biological control agent 

against 4. c r e ~ t a .  Howwer, mre sMies are needed before sud.1 a w 

is psssible. 

Dr. S.B. m. 

4.3.1. I+#&3 res' ' ===ing 

'Ihe sxeenhg of faba bean lines fmm Fqypt, Sudan, Ethiopia and 1- 

for resistance to ms Qaccivora in the G i z a  +d laboratory am3 the 

field was continued as part of the Nile Valley Regioml P r q r a m .  A 

total of 1100 lines, including 798 ICARW material, 281 Egyptian 

b r e d q  lines and 2 1  lines fmn Ethicrpia, we re  tested in the 

laboratory durw the 1988/89 seasn'~. Of the 644 BPL's and 154 lines 

frun yield t r i a l s  f m  ICiWlN, 17 and 4 skmd resistance to a m & ,  



respectively (Table 4.3.1) . Three lines of the EUliopian m a t e r i a l  were  

famfi to be resistant. Of the Egyptian material, 5 lines out of the 

116 selecticm frcan Giza 402 and 11 lines cut of 165 F4 lines shcxJed 

resistance. 

Table 4.3.1. laboratory and field of faba bean for 
resistance to craccivora m Egypt, 1988/89. 

No. of lines No. of lines 
tedd resistant 

-smEENx 
1- m a t e r i a l  

BPLs 644 17 
Yield trials 154 4 

Ethiopian material 21 3 
Egyptian m a t e r i a l  

Giza 402 selections 116 5 
Ereding lines (F4) 165 11 

FIEIl)smEENx 
ICNUA material 
Sudanese material 344 36 
Egyptian material 

PlEID- 
Egyptian m a t e r i a l  30 11 

'Ihe field screening of a Mal of 344 faba bean lines revealed 9 

EPIS and 5 lines f m  I-, 8 lines from the Sudanese material and 14 

lines fmm Egypt with resistance to A. p ( ~ : i v o r a .  

In two field experbmts 15 previously seleded genotypes each 

were gmwn w i t h  and with& insecticide application for aphid contr~l 

and evaluated for aphid infestation and yield reduction. Five am3 6 

genotypes were identified having lm aphid nw33ers and yield reduction. 



Of the most pranisirq lines identified up to date a "Regional 

Aphid saeenhq Nursery" is established includirg 8 lines each frun 

E)gypt and Sudan, 3 lines fmm Ethicpia and the respective local and 1 

Ethicpian line as susceptible d~&. T h i s  nursery w i l l  be tested at 2 

locatims in Sudan and one location ear3 in  Egypt and Ethicpia. 

In EQypt al l  the raterial is screened cmly for _A. craocivora, as 

this is the predcminant species. Since in Syria bath _A. ~accivora and 

occur tagether, a total of 144 BPLs were screened for 

resistance against fabae at  lkl Hadya this season. 'Ihe 

8med.q was carried out in the plastichruse using the sam conditions 

ard methodology as in the Giza laboratory. Five BPLs were fan3  to be 

resistant. Olle of these was also resistant, and 2 tolerant against _A. 

mccivp~g (Table 4.3.2) . 

Table 4 .3 .2 .  saeenhq of BPLs against craccivora (EQypt) and 
S?b B?xs (Tel-1. 

Resistant entries 
BPIe No. entries A. craccivora _A. fabae 

B 88123 B 8810, 8817 
88204 

- - 
- - 

BPL 23 EPL 23, 26 

Drs. S. Bisbara, G. Defmwy, S. Khalil (Egypt), S. Weigand. 



4.3.2.1. ChkKO1 of BrtXhIS dentiPes 

B. denti- is the dcPninant - univoltine storage pest of faba bean in 

Syria. As its infestation starts in the field, methods should aim of 

reducing the population in the field before the larvae penetrate the 

seed. 

A faba bean field was selected at Barns village near Tel Hadya 

where previwsly high infestations of B. dentires w e r e  faud. 'Ihe 

application of endcalfan ('lhiodan 35 M3 at 700 g. a.i./ha) art 

Deltamethrin (Decis 2.5 Ec at 38 g. a.i./ha) at early pod setting 

significantly reduced the seed infestation by bruchid larvae with 

'Zhiodan being slightly more efficient (Fig. 4.3.1). Of both 

insecticides hawever, one application was not sufficient to give 

LSD (5%) 24.1 LSD (6%) 11.6 

untreated 

Decie 

Thlodan 

120 80 40 0 10 20 30 
Larva/100 seed Adult/100 seed 

Figure  4.3.1. The E f f e c t  of one a p p l i c a t i o n  of Decis  and Thiodan 
on l a r v a l  i n f e s t a t i o n  of Bruchis  d e n t i p e s  i n  f aba  
bean a t  f a rmer s '  f i e l d  i n  BarnaAleppo, 1989. 



adequate Control. Therefore two applications a t  early pal setting and 

10 days later w i l l  be tested a t  fanoers' field next season to provide 

better -1 of this insect with long oviposition pericd (30-40 

says). 

Drs. 0. Tahhan, S. Weigard and M. El-Ahmd (ARC, Syria). 

4.3.2.2. Stok culture Of 

The establishment of a stock culture of B. denti- w i l l  provide a 

oontinuous supply of the insect to  conduct more expriuents in a 

saascol. Previw work a t  ICARIYL revealed that, when fed on faba bean 

pollen, gravid females can be abtained in the winter i n  the laboratory. 

?his season gravid or virgin females were released seprately into 

with faba bean plants a t  f lming and pcd setting stage i n  the 

plastic hwe. In both cases eggs were laid m green pods resulting in 

latval and adult infestation in the seeds. Next season a test of the 

cptimal nw$er of females per plant for IIK& effective rearhq w i l l  be 

conducted. 

Ors. 0. Tahhan ard S . Wigand. 

4.4. Faba Bean f i ~ & ~ 1 o g y  

tivar bbmctias for yield mrl N 4.4.1. Sbzh-wl in 

fababean 

With long tenn  cultivation of the crop in the areas reoeivw 

450mm amwal rainfall, high native poplati- of rhizobia &at* 



faba bean are expcted. Tba.qh infomation is sparse, this to 

be true; average viable aunts of rhizcbia ncchilating fababean in the 

north Africa-wst Asia region are in the range of lo3-lo5 9-l soil. 

Exkteme of adequate native d z a b i a l  pcplat ims inplies that 

impnnewnt in dinitnqen fixation thm.qh mmiwatian of the 

symbiosis thnmgh M a t i a n  may not be possible. N o t  a gmat deal is 

known mgadhg specificity of the crrp w i t h  respect to strain- 

cultivar interactions. 

It is inportant to establish base-line values for plant N 

derived fmn the a- ( M a )  ard N2 fixed in remmPnded 

cultivars of fababean so impmvements thrar5p1 rhizcbial strain and 

legume cultivar selection may be quantified. % objective therefore 

of this study was to determine the variatims in yield and nitnqen 

fixing chamders i n  a rnr&e.r fababean cultivars of differing grarth 

habits M a t e d  by several strains of Wrizabium I-. A t  

the present time, 15N analyses results for this -bent have not 

been received, ard w i l l  be present& a t  a later date. Yield data, 

however, sh- irkemsting variations. 

The -bent was conduded in N. Syria on the Tel Hadya field 

station of ICARIIA, during 1987-88 season. MO& probable ram33er m) 
measurement of i n d i v  faba bean rhizcbia m a t i o n s  in the soil 

was relatively high w i t h  3.3 x 104 rfiizcbia 9-l soil, due to faba bean 

cultivation a t  the site for a mm33er of ye-. The aperhmta l  design 

was a rarrdanized spli t  plot design w i t h  Rhizobium treabmts as main 

plats ard cultivars as subplots replicated four times. Single row 



sutplots 6 m in lerqth wre used, with 45 an between rcws and far 

border mws between main plots; planting detlsity was 20 ~l/n? with 45 

an between rrws. wing ccaxred in early N w e n k e x .  Rhizobia 

treatments anprised unkcalated and three strain treatments; the 

thme single-strain i d a n t s  i n c l W  strains fmn M o m  (FB420), 

nsypt (~~452) and mrtqal (FB482). Strains were selected based on 

prior  fixing performaze on the mnoerned mti- in aseptic 

hydxpmic culture in greenhrxlse trials. Seeds were inoculated at 

plant* u s k g  liquid a~plication method, at a rate to provide 

-tely lo6 viable cells per &. A nitrogen treatnwt of 120 

kg N/ha applied as split dose of 60 ! q h a  broadcast preplant and 60 

kg/h sidedress application at mid-anthesis was h l u d e d .  

Cdtiv', laqe- and smllseeded, included detedndte types 

(FLIP 84-230, 84-239, 84-241), one IVS line (IVS-6), local lardraces 

(Rebaya 40, Giza 4, BPL 1722) and high-yielding carnrercial varieties 

(Syrian local large, Iebanese local d l ,  Giza 402, Sarille giant, 

Tqudulce, VD m l i m ,  wim blanca) . 

In the absence of 15N data, the pwaineters chosen to best 

evaluate mtWnt effect cm N fixation are total crap N and seed 

yield. Yield results in Table 4.4.1 show a significant effed of 

inoculation on the yield of faba bean across all cultivars; strain 420 

inneased seed yield by an average 250 kg/ha across all cultivars while 

s h i n  452 increased biological yield by 780 kg/h and total crnp N by 

25 kqha. ?he highest yielding genotypes were Syrian local large, 

Sevfile giant, Aquadulce and Reina bl-, while local land races and 



228 

IVS and determinate types prcdmd the laJest yields (Table 4.4.1) . 

'Ihble 4.4.1. Kean yields of 14 faba bean cultivars and 5 treabmts, 
lkl Hadya 1987/88. 

Treatnwt Seed yield Biological yield % N T o t a l N  
Wvha Kg/ha 

Unimcvlated 2.95 8.01 2.58 206 
Strain 420 3.20* 8.31 2.58 215 
Strain 452 3.10 8.79* 2.64 231* 
Strain 481 2.82 7.79 2.57 200 
120 kg N/ha 2.92 7.97 2.52 201 

LSD P. 0.05 0.22 0.55 0.09 14 

6 1.78 6.61 2.69 178 
Rebaya 40 2.02 5.54 2.68 148 
Giza 4 3.19 8.44 2.50 211 
BPL 1722 2.88 7.12 2.39 170 
Lebanese 1.m. 3.38 8.57 2.44 210 
Giza 402 2.36 6.51 2.69 175 
FLIP 84-241 2.56 7.88 2.49 196 
FLIP 84-230 1.98 6.71 2.77 185 
FLIP 84-239 2.69 8.74 2.51 2 19 
Seville Giant 3.88 9.73 2.53 247 
Syrian lg. 4.10 11.26 2.66 300 
-@ 3.88 9.89 2.58 256 
Reina Blanca 3.68 8.81 2.61 229 
M m l i ~ m  3.55 8.64 2.57 222 
LSD F 0.05 0.36 0.75 0.15 

Ftest 
Strain * * * * 
0Ativa.r ** ** ** ** 
Interaction ** ** * ** 

* Significant at P = 0.05 
** Significant at P = 0.01 

C r q  nitrogen yields ranged fmn 120-330 kg N/ha, Mcating the 

large yield potential differences between dtivars (Figure 4.4.1) . 



Total nitrogen yield kg/ha 
350 

Unlnoculded 

slrrln 420 

- 
A B C D E  K L M  

Figure 4.4.1. Total nitrogen yield of 14 genotypes of faba bean in 
response to inoculation with two strains of Rhizobium 
Tel Hadya 1987188. Genotypes: A. IVS 6; B, Rebaya 40; 
C, Giza 4; D, BPL 1722; E, LLS; F, Giza 402; G, FLIP 
84-241; H, FLIP 84-230; I, FLIP 84-239; J, S. Giant; 
K ,  SLL; L, Aguadulce; M, R. Blanca; N. VD Policoro. 

Many of the d t i w  respcclded significantly to inoculation, 

thcmgh thmqkut resporrse varied to the different strains. Ihe 

cc~lsiderable treatrent variaticm within cultivars, w i t h  for -1e me 

strain increasing crop N wtrile another decreasej. it in relation to the 

uninmrlatd trsabmt, highlights the potential impOrtzm2e a d  

w l e x i t y  of strain-cultivar intexacticxs in faba bean. 

'RE ranp of variatian due to hcalat ion  and N fertilizer 

application on seed yield is typified by the six cultivars sham in 

Figure 4.4.2. High yielding ccmnercial cultivars, with the exCepticXI 

of VD Falicoro, demnstmted the highest respanses to h a l a t i o n .  The 

largest response, to strain 452, ms ck6e~ed  in  Lebnese local d l ,  



Grain yield difference t/ha 

Lobanere Relna Sevlllo Aquadulca Syrlan FLIP VD Pollcoro 
Local Sm. Blanca QIant Local 84-239 

Large 

Figure. 4.4.2. Grain yield response of seven selected genotypes of 
faba bean to inoculation with two strains of 
Rhizobium and nitrogen fertilizer, Tel Hadya, 1987/88. 

with a win  yield hrease of nearly 1.5 kg/ha over uninoculated 

treatmnt. ?his dtivar likewise significantly mqon3d to N 

a~plication, further indicating the lack of syrr$iotic efficiency with 

the indigenous rfiizobia. Wins blanca and Seville giant also 

significantly responded to inoculation, giving 1150 am3 730 lag seed/ha 

haeases, respectively, wer the Unimcvzated treatment to strains 452 

anl 420. G t h e r  dtivarsf responsss to treatmmks were not 

significant (within aiitivars), but the variation of treatwnt effects, 

including depression of yield below that of the unincculated trea-t, 

is apparent (Figure 4.4.2). 

Several dti- significantly responded to M a t i o n  for total 

m q  N (Figure 4.4.3). In all five aiitivars responding, strain 452 



Nitrogen yield difference kg/ha 

Labanera Rolna Slvllla Syrian FLIP 
Local Sin. BIanca Olant Aquadulca Local La. 84-239 VD POllCOrO 

Figure 4.4.3. Nitrogen yield response of seven selected genotypes 
of faba bean to inoculation with three strains of 
Rhizobium, Tel Hadya, 1987188. 

significantly immased total N haa 38 (l7eina blanca) to 83 kg N/t?a 

(Seville giant). Strain 420 increased N yields in cultivars Lebanese 

local d l  and Seville giant, trR cbxeasd (tham#~ not significantly) 

N yields in mieina b l a ~ a  aml Aqndulce in anparison to the 

dnoculated treatment. 'Ihe large variability in resporrje between 

culti- is indicated in Figure 3, where M a t i o n  with -in 452 

(best strain) also decreased N yield in M m l i m m  by mre than 30 kg 

N r n .  

In general, cultivars w i t h  the ~ t e r  yield potential 

cksmstnted the greatest treatmwt variation. Poorly adapted newer 

lines ani lanitaces shwd little treatmmt response. Effects of 

treatments on oiltivars s h a d  similar trends for seed and nitnqsm 



A l t h a q h  peas (Pisun sativum L.) have been cultiMted in the 1C;ARW 

region for millenia, yields are 1 w  NI of lack of high anl stable 

yielding well-adapted geMtypes and poor crop management. To rectify 

the pmblem, an htegmted approach to pea bcprovment was initiated 

in 1986/87 at ICARm follming the m i p t  of a grant fmn Germany 

(EPIIZ). Since research has been extensive cm inpmvemnt of dry pea at 

a rnrmber of institutions in the developed and sare develcping 

countries, it was envisaged that ICAROA wuld capitalize on the 

exis- research and identify dry p a  varieties adapted to the fanning 

systars of WLML. The wrk on pea inpwement is isfore wmtrated 

in the following areas: 

I. Collection of gemplasn/cultivars fran institutes working on dry 

pea in developed and developing ccuntries, test at ICAROA and 

select superior lines for evaluation in different agm-emlogical 

zones in the region by national prcgram. 

11. Dwelopnent of the 'best betf technologies o produdion and 

protection practices and their transfer to the nationdL programs 

for testing and adaptation. 

111. Investigate alternative usage of dry peas: 

a. As g==" Peas 

b. Straw for animal fed 

5.1. -lasm Callectim anl  Evaluatian 

As in the previms years several elite and r e l d  cultivars 



were obtained from institutions in develcped and developing camtries 

and included in the germplasm collection. The material obtained 

hlu3es lines with resistance to different abiotic and biotic 

stresses, varying leaf morphology, seed type and seed colax. Nearly 

308 lines were evaluated under 275 mn mistwe qply at Tel Hadya in 

aupmkd block desi~. T h e  checks were the widely line in 

Syria, accession 223, ard two other dtivars g t u m  extensively around 

the Mediterranean, accessions 224 and 225. wing was carried cut on 3 

lkcenhr 1988. 

Zhe number of days from swing to start of flawering varied from 

84 days in accessions 31 and 38 to 138 days in accessions 195 and 199. 

Sixteen aooessions did not £1-. In 50 highest yielding genotypes, 

the range was 88 to 109 days. 

Ccmpared to the previous years, seed yield was  la^ and ranged from 

0 kg/ha to 1033 kg/ha. Fifty highest yieldhg a-ions are presented 

in Table 5.1.1. Fourteen accessions significantly cutyielded (F.0.05) 

the widely gram local check (aocession 223), and pea accessions 180, 

216, 239, 263 ard 267 produced significantly more yield than the best 

check (accession 225). 

Drs. S.N. Silim, M.C. Saxem and R.S. Malhotra. 

5.2. P r e l m  Yield Trial 

Forty eight superior entries selected from germplasm evaluation in the 

previcus seasons and a high yielding test adapted check were tested in 



Table 5.1.1. Days to start of flaerimg (DSF) and seed yield (kg/ha) 
(SY) of 50 hi-t yielding a-ions of peas at Tel 
Ham, 1988/89. 

Accessim DSF SY Rank Accession E F  SY Rank 

LSD (5%) between a check and a test material = 279 

* semileafless 

a Preliminary Yield Trial at  W Hadya, Syria, and at  Terbl, I&anm, 

during the 1988/89 season. ?he objective of the Study was to select 

hi@ yielding entries for serding to the collaborathg scientists in 

the WANA region as an Adaptation Rial. ?he experiment was conducted 



in 7x7 triple lattice design with three replications. 'Ihe lines 

included bath leafed ard semi-leafless types. 

At Tel Hadya, seed yield was l m  ard ranged from 201 kg/ha 

(accession 227) to 839 kyha (accession 248). Pea accession nunbers 

248 ard 286 produced significantly mm seed yield than the well 

adapted check (accession 8). At !lkrbol, seed yield ranged from 1170 

kg/ha (accession 10) to 2712 kg/ha (aocession 216). No pea acaession 

exceded significantly the check (Table 5.2.1) . The twenty best 

yielding cultivars at each of the location are given in Table 5.2.1. 

The pea straw is widely used as animdl feed. 'Ihe straw yield 

varied significantly mrg the entries, ard ranged from 388 kg/ha 

(accession 4) to 1196 loq/ha (accession 8) at Tel ~adya, ard at Terbol 

the range was fmm 986 %/ha (accession 4) to 5246 Jq/ha (acoession 

123). Stmw digestibility ard protein content of all the accessions 

from Tel Hadya trial are being analysed. 

TWnty three high yielding accessions from Preliminary Yield Trial 

were selected ard sent to the axprators as Pea Intzcxnational 

Adaptation Trial. A total of 45 sets w e r e  sent to the national 

scientists in the region. 

Drs .  S.N. Silim, M.C. Saxe. ardR.S. Malhotra. 



Table 5.2.1. Seed yield in kg/ha of 20 highest yielding entries in Fed 
mliminary Yield Trial at Tel Hadya (Syria) and T k r b l  
(Lebanon) during the 1988/89 season. 

Tel Hadva lkrbl 
Seed Yield Seed yield 

Accession %ma. Accession %ma. 

248 839 
286 800 
291 742 
278 725 
227 694 
25 690 
24 677 
2 64 64 6 
288 642 
290 637 
283 633 
267 625 
226 622 
287 620 
271 608 
282 598 
216 596 
2 17 581 
30 558 
4 558 

check (accession 8) 554 

nJenty three superior yielding lines that gave high seed yield in the 

Preliminary Yield Trial, were sent to ccqerators within the WANA 

regions as PIAT. T h e  results reported here are for Tel Hadya (Syria) 

and Terbol (Lebanca7). 



Table 5.3.1. Seed yield ( m )  ard rank (R) in m IntezMticnal 
Pdaptaticm Rial at W Hadya (Syria) and 'Ikrbl 
(Lekanm~) , 1988/89. 

WHadYa lkcbol OMlall Mean 
%ed yield seed yield Seed yield 

-im ()02/ha) mnk ()02/ha) ()02/ha) 

A t  Tel Hadya, seed yield in the test entry varied f m a  339 kg/ha 

(accession 35) to 922 lq/ha (accession 24). Elwen accessions produoed 

significant ( I4.05) mxe yield than the local check (Table 5.3.1) . 

At lkrbl seed yield varied fmm 546 kg/ha (aasssicm 610) to 2833 



laZ/ha (accession 21) with accession 2 1  artyielding the significantly 

(F0.05) the local check (Table 5.3.1). 

lks. S.N. S i l h ,  M.C. Saxern and R.S. Malbtra. 

5.4. of Wa Plants vith D i f f d  Ieaf -0gy to Varying 

Rpllaticnandm-wy 

Ibe Mtid leafed varieties of pea have p o r  s b m i b g  abili ty and 

a t  maturity the haulm lies f l a t  on the grcund. Lcdghq pmnates 

disease developnent, xeduces seed quality thrcugh stainbq, and 

creates prablens in tndnnical harvesting. In the last 15 years, 

major research efforts were devoted in the develqmmt of pea plants 

w i t h  snall  leaflets, leafless and semi-leafless types. The la t te r  two 

types have their leaflets rmverted into tendrils, which carld -rove 

their statdng ability. The optimrm density of these new plant types 

in W?SA region is, hmever, not kmun. A study was, therefore, 

anauctea during the 1988/89 season to dete?dne cpthm density of 

these new plant types under rainfed and irrigated corditicns a t  lkl 

Iiadya. the varieties were Filby (leafless), Baf (semi-leafless), 

Pmgretta (snall leaflets) and Olwzud (conventional leafed variety), 

- a t  36, 50 and 80 seeds/mz. 

Seed yield did not vary significantly hetween Filby and Baf, but 

the t m  varieties prodwed signif iant ly  higher seed yield (F4.05) 

than Fmgmtta and G m a d  (Table 5.4.1) . As in 1987/88, the 1- 

seed yield was form Onward. The man for optimrm seeding density was 

50 seed@?, with no further advantage density was ' 1 to 80 



rable 5.4.1. Seed yield (kgj'ha) respasf! of peas of varying leaf 
mqhlo3y to plant pqulatlcn a t  two m i & x e  regimes. 
Tal m, 1988/89. 

hldstum (M) and ~ a u l a t i d  
wiaty  el 80 ~lants 50 ~lants 36 plants   an 

P w  932 
Baf 1049 - 585 
aWm3 364 
Mean 732 

all Mean 963 964 836 

~~ (M) 
variety (v) 
pcpllaticm (P) 
M X V  
M X P  
V X P  
V X P X M  

SE LSD - 
64 14.3 10.9 
119 42.5 22 
103 36.8 
158 54.0 
NS 44.8 
NS 73.6 
NS 



seeds/$. mere were  trends however, among the genotypes for 

differential response to plant pcpllatim; which was significant 

( 1 )  In Filby and E h f  increase u p b  80 &/n? increased yield, 

but for the leafed types Prajretta and Onward, the optham was 50 

seeds/$ and further haease in density reduced seed yield (Table 

5.4.1). 

Irrigation significantly seed yield (Table 5.4.1) . In 
the rainfed treatment, Baf and Filby outyielded m t t a  and m. 

With irrigation the seed yield between Baf, Filby and pmgretta were 

similar and the first two cutyielded Onward significantly ( M .  05) . 
The hi* yields of the new plant types, leafless and semi-leafless, 

in the rainfed treatment, indicate that the plants with reduced leaf 

size a~ mre suitable to drier envirormwt than the leafed typed. 

IXs. S.N. Silh and M.C. Saxera. 

5.5. QXqm~?dtive Rxfomame of Rea (Irltivars of D i v e r s e  Origin at 

Different Saving Dates , . 

The ~ ~ t S  c0nduCt63. during the 1986/87 and 1987/88 Season to 

test the perfomace of 20 selected dry pea cultivars of diverse 

origin at three dates of swing waS repeated in the 1988/89 season. 

Ihe dates of swing rep- early winter, mid-wirher and late 

winter-early spring and swings were  carried out respectively on 

December 11, 1986, February 1, 1987 and l&xh 3, 1987 for 1986/87 

m; Nwember 24, 1987, January 3, 1988 .and February 21, 1988 for 

the 1987/88 season: and on N w h  23, 1988, Deoember 29, 1988, ard 

February 1, 1989 for the 1988/89 season. Total misture supply 



-ived during the p i n g  period were 359 ma, 504 m and 270 nun, 

respectively for the 1986/87, 1987/88 ard 1988/89 seasons. 

In the 1986/87 season, early- sowing produced highest seed 

yield (2121 w), follmed by mid-winter sowing (1544 kq/ha) a 

1- yield (956 kq/ha) was from early spring sowing. In 1987/88, 

where rainfall has him, mmn seed yield at the three dates of sewing 

(2153 m, 2442 kg/h and 1527 kq/ha, respectively for early-winter, 

mid-winter arb3 late winter sow-) did not vary significantly, but 

highest yield was fma mid-winter  wing. In 1988/89, setxi yield was 

very lw. 'Ihe highest mean yield was Wined fran early winter wing 

ard the 1west f m  l a t e  winter/early spring sowing (Table 5.5.1) . 
lhere were significant variations in yield anurq cultivars. Similar to 

the results of the 1986/87 s e s m ,  the highest yielding cultivars were 

Baf, Frisson and Petit Prwincale (Table 5 .5 .1 ,  IcARDA, 1987). ~ a f  

and R-issfn were highest yielding in early and mid-winter sewings. 

Drs. S.N. Silim and M.C. Saxena. 
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The studies on are carried cut in a collaborative project 

betmen ICARW, GIZ and the University of Hahenheim, FIG. ?he 

objective of this project is to find out an effective control measure 

for Orabanche transferable to national prapam and farmers. Orobanche 

spp. are important angiajpermic parasite affectirq the prcductivity of 

seed legwe crq6. Efficacy of several single control measures has 

keen tested in the past and the eqbsis in the present studies has 

keen on the develqmmt of intqrated control which is both emnmical 

and ecologically safe. 

9r&ancb infestation in the 1988/89 seasan was 1- than in 

" ~ r m a l "  years. U r d e q m u r d  developnent of Qnhnche was hampered and 

delayed due to l w  tenpmtues early in the season, while aftemads 

(April to May) mst of the crop roots developed in soil layers deeper 

than 10 an f m  where Oro$anche ewrgence is poor ard the lateral crop 

root system inclu3h-g the attached parasites in the top 10 an of soil 

dried mt because of lad seasonal precipitation 

6.1.1. Screening of herbicides 

6.1.1.1. Faba bean 

As in the previcus year two systemic herbicides, glmosate ( M - u p )  

and imazaquin (Scep ter ) ,  here amlied. Accordhq to the exprience 

fmn the last season with an eXtrenely high Orobanche incidence 



(coinci- of favorable weather d t i o n s  and highly infested soil) 

the dcsages of the herbicides were slightly increased. Spraying took 

place at tubercle a d  bud stage of -, which was flac~ering time 

for faba bean. 

Due to the dry mther conlitions, the period for Orabanche attack 

was shorter and Ombarhe infestation was light. Orabanche dry weight 

in the control plots ammted to 1711 kg/b in 1987/88, but only to 916 

kg/Ym in 1988/89. mis resulted in an increased herbicide effectivity 

as shawn by almost 100% Ozobanche control in most of the treatments. 

Differences between glyphosate and imazaquin were not significant. 

Phytotoxicity on the cmp (chlornsis, reduced size of leaflets) was 

noticed Ercw the highest imazaquin treabnent (2x40 g a.i./ha) but this 

was not refleded in the yield. Hence, Ombamhe control with these 

herbicides in the present season was excellent (Fig. 6.1.1). 

h-eliminary tests with additional herbicides indicated good 

effectivity of imazethapyr (2 x 20 or 2 x 30 g a.i./ha) as well as of a 

mixture containing imazaquin and gl-te (2 x 20 and 2 x 80 g 

a.i./ha) or imazaquin and hzethapyr (each at 2 x 20 g a.i./ha) . 
These treatments will be further tested. 

6.1.1.2. Lentil 

Lentils pmved to be very susceptible to g l m t e  application in the 

past, in that the psitive effect of Ombamhe control was counterd 

Vmxgh the &totoxicity of the produd to the cmp itself. 

Therefore, low rates of hzaquin (2 x 7.5 g a.i./ha) were applied for 



Orobanche Straw =? Seed 

control :\?$,$:v:\;p$b;&; \$ .;I; ,\, 

-. . .- . . . .. 
-..- ' Irnazaquin. 2x20 . -. . . . - - -. . , . , . . . _ . - _ . . . (. . . - . 7 - -  - 

Imazaqu~n. 2x30 . . . . . . . . . - 

lmazethapyr 2x20 

lmazethapyr 2x30 

lmazethapyr 2x40 

0.0 0.5 1.0 1.5 2.0 2.5 
t/ha 

Figure 6.1.1. Effect of different herbicides on the dry weight of 
Orobanche and seed and straw yield of faba bean, 
Tel Hadya 1988189. Imazaquin* was without surfactant. 

Orobanche c~ntrol in lentil. Unfortunately, no Orcbanche infestation 

ocr;urred in that particular part of the field where this trial was 

conducted and so the effect on the parasite d d  not be rceamrd. 

However, no &-btnxicity at all was noticed on lentil and the yield 

was not reduced significantly by the herbicide treatment (Table 6.1.1). 

Table 6.1.1. Effect of imazaquin a~plication (2 x 7.5 a.i./ha) on 
lentil s t r a w  anl seed yield. 

Control 
Imazaquin 
L.S.D. (P = 0.05) 



6.1.1.3. Chi.&pa 

Like lentil, chickpas also have a lcw tolerance to these herbicides. 

Glyphcsate (2 x 20 g a.i./ha) had ken fam3 most effective in the 
past. Under the lcw infestation in the 1988/89 season no crop 
phytotnxicity was c&served and chidpea seed yield was not reduced 

significantly (Table 6.1.2) . Hmwer, evaluation of effects on 

ombaxhe was impcEjsible due to the lcw rW of emerged shoots. ?his 

herbicide dosage will be tested further. 

Table 6.1.2. Effect of gl-te application (2 x 20 g a.i./ha) on 
straw and seed yield of chickpea. 

m* straw (kv'w (kg/ha) 

Ccrntrol 1145 1012 
Glypho~ate 1195 969 
L.S.D. (0.05) 211 63 

6.1.1.4. 

In spite of l m  to d m  Orobanche infestation in this trial (121 

)ag/ha Ombanche shoot dry weight) the effect of the herbicide was 

clear. G l m t e  reduced Orobandle, but imazaquin was more effective 

resulting in almost 100% control of the parasite (Table 6.1.3) . 

me to the lcw Omkmche infestation seed yield was not rmch 

affected by the parasite, whereas the higher h z a q u i n  treatment 

resulted in a slight yield reduction. Imazaquin at a rate of 2 x 20 g 

a.i./ha gave hi* seed yield (946 kg/ha) while the hzaquin 

foxnulation w i t h a r t  surfactant r&uc& seed yield significantly. The 

rate of 2 x 20 g a.i./ha pmved effective also in anather apximent 

with a higher infestation. 



Table 6.1.3.  Effect of glyphcsate, imazaquin an3 imazethyapyr 
a~plications on Ombndx ard pea. 

aaltml 
GlyFk6ate 

-suin 
~~* 
-ethapyr** 
--* 
Imazethapyr** 
LSD (FW.05) 

* Furnulation without surfactant 
** Reatmmt withcut replication 

The p r e l h h r y  testing of additional herbicides in peas indicated 

100% orchmhe cont1~1 by a mixture of imzaquin ard gly@usate and a 

good Ccartrol by hzethapyr. ?he latter hawever decreased total 

biological yield at 2 x 30 g a.i./ha. l't~ese treatmmts will be 

follwd up durirg next season. 

6.1.2. G1-te tolerarn= in faba bean, lentil ard pea 

A great interaction is unzally found between environment and effect of 

glyphasate treatments. An eqerimrk during the 1987/88 season in an 

Qz&m& free soil ( 1 ,  lebamn) taronstrated that a single 

appli~atim of 360 g a. i./ha of gly@xxate did not affed faba bean 

yield. To confirm these results the experiment was repeated in 1988/89 

in an Orcbanche free (-1) ard infested (M Hadya) soil. A single 

glyphosak aplication was made either at vegetative, early flcwering 



3 Seed yield, faba bean ) 
Straw yield, faba bean , 
Orobsnchs dry weight 1 

Vegetative Early flowering Late flowering 

Figu re  6.1.2. E f f e c t  of  g lyphosa t e  on Orobanche d r y  weight  and 
s eed  and s t r a w  y i e l d  of  f a b a  bean ( F  84-239) a t  
3 growth s t a g e s .  Rate of  a p p l i c a t i o n o f g l y p h o s a t e :  
1 = c o n t r o l ,  2  = bog, 3 = 120g, 4 = 240g, 5 = 360g, 
and 6 = 600g a . i . / h a .  

or late flawering stage of the crqs, at 6 different liites (0-360 g 

a.i./ha in lentil and pea, 0-600 g a.i./ha in faba bean). 

Under Orabanche infestation, application at the vegetative stage 

of faba bean resulted in a hi-r biologicdl yield and & yield than 

at later stages (Fig. 6.1.2). Highest seed yield of lentil was 

obtained with 120 g a.i./ha at the vegetative stage, with 240 g a.i./ha 

at the early flawering stage in peas, with 360 g a.i./ha at the 

vegetative stage in a determinate faba bean (F 84-239) and 600 g 

a.i./ha a t  the vegetative stage with fa& bean IIB 1814. 



Urder the On3xche free situation at Terbl statiun significant 

yield reduction in faba bean accured only when gly@csate was applied 

during the vegetative stage of the q. No seed yield reduction d d  

be noticed in lentil at that location. 

?he $ytobxicity was measured on a 1 to 9 scale w t e - e  1 mans no 

Plytotoxicity and 9 total damage of the crop ( -scale) .  Highest 

damage to the cnps c u x r d  after early ~plications of gl-te 

(vegetative stage). H a e v e r ,  a scoring of mre than 5 ,  at which 

reoovery of the crop becanes difficult, was reached only in the case of 

600 g a.i./ha in faba bean at one l u x t i o n  (Fig. 6.1.3) . Highest 

scoring for late amlicatiom (late flmering) was only 2.6. 

Orabancfie control was excellent with the higher rates at the 

vegetative stage, while effectivity of later applications was lw. 

This confirns that only w l y  applications of glyphcsate are useful, 

ard any delay dilutes the effect. MDrenver, rates which can be applied 

to the cmps are higher than usually reported in literature. It was in 

fact surprisirg that 360 g a.i./ha of glyFhosate resulted in h i m  

biological yield with lentil. 

Drs. K.-H. Linke and M.C. Saxem. 

6.2. Selecticn of Iksishnt Gaotypes 

6.2.1. lentil 

T h e  approach to Orobanche contml thrcugh host-plant resistance offers 

a l q - t e r m  solution. Hcuever, the neczssary level of resistance has 

still not been f& in lentil despite extensive field ard labxatory 
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Lentil 
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Figure 6 . 1 . 3 .  Summarized results of glyphosate phytotoxicity in 
faba bean, lentil and pea at three growth stages 
and at two locations (Phytotoxicity according to 
EWRS-scale from 1 to 9, where 1  = nophytotoxicity 
and 9 = complete crop damage; six glyphosate rates, 
where 1 = control, 2  = 6 0 ,  3  = 120,  4  = 240 ,  5 = 360 
and 6 = 600 g a.i./ha of glyphosate in faba bean,and 
in lentil and pea 1 = control, 2 = 30 ,  3 = 6 0 ,  4 =  120 ,  
5 = 240 and 6 = 360 g a.i.1. 



screening. "Ike laboratory te&mique involves gxwbq lentil seedl- 

in a petri-dish on glass filter paper with Ordxnd~ seed. ?he 

technique has less variability than field screenirg, hR has an 

rrnlesirably low repeatability. 

Ihe mtability in detail was examimd by scniirq six diverse 

lines in 20 replicate blocks. lhere vere significant differmcs 

between the lines is sxuqtibility to c)m&m&e c r e ~ t a  ntzaswd as 

the nuu&er of attadnnents/lOO an root length (Table 6.2.1) . 'Ihese data 

w e r e  then ccmpared with twD earlier replicated screenings. 

correlations between scme-nirg varied fmn a law of r = -0.017 to a 

mX&um of 0.674. 

Table 6.2.1. Variation of selected lentil genotypes to Orobanche 
attack. 

No. of Ombar&e attachments 
per 100 an root length 

ILL 4400 
ILL8 
ILL 6042 
ILL 6018 
ILL 5883 
T.IJ., 5748 

L.S.D. (PO.05) 

Different forage legumes have been screened usirq the same 

technique and clear differences, w h i c h  correspond to field mistance, 

have been -. It k clear that the variability in lentil for 



reaction to Orchmhe -ta is l i m i t e d ,  because more than 2000 

gemplasm a-ions have keen scmend either in the field or in the 

laboratory. This does not preclude the possibility of finding useful 

resistance in other accessicprs of the cultigen or in the wild species. 

6.2.2. Chidplea 

Sae8nbg of chickpa was carried cut in the plastic hrxw using the 

polykag - tdmique to obtain a uniform W of parasite d per 

errtry. Ihndred entries were chc6en f m  earlier tests and replicated 4 

t imes .  Acco?Abg to the W of Orobanche attachments on the mt 

system of the chickpa plants 10 entries were scored as law resistant 

(>5 Orobanche atta&w&s/hcst plant), 10 as medium resistant (1-5 

attachmts)  , and 10 as highly resistant (<1 attachment). Mrmber of 

attachmts/host root system ranged f m  0 to 6.7. 'Ihese 30 entries 

w i l l  represent a basis for further screening. The ten highly resistant 

entries are: ILC 200, ILC 848, ILC 1256, ILC 2379, F'LXP 85-4, FmP 82- 

150, FLIP 85-16, U P  81-293, M P  85-12, and M P  85-17. 

6.2.3. Foxage legunrs 

High Orobanche infestation can cccur in forage legumes but great 

differences are &served be- different legume species. In order to 

obtain data on these differences and to compare field and laboratory 

test mthcds, two experiments were carried aut, one in the field and 

anather in the laboratory. mies for bath trials were the same, 

m i s t i n g  of 6 species with 5 accessions each. Laboratory testing was 

performed using the lentil  saeenhg tezhnique w i t h  petri dishes in the 

incubator. 



Results of bath trials bere similar. Jathyrus sativus was 

identified as the most susceptible v i e s ,  1 . ocfirus was not 

attack& by the parasite at all (Table 6.2.2) . 

Table 6.2.2. Variation in OmbmAe attack in forag-e legumes. 

species Orobanche attacfmwts Emerged c?rXkpE =3hOJtS 

per 100 an host root per 
(Lab. (field) 

L.S.D. (FQ.05) 

While the differenzs between species w e r e  striking, differences 

within a species were less. H-er, same variation ocarred: The L. 

-tins accession No. 201 had significant less attadnrents than the 

accession No. 343. W _V. narkonesis acoession No. 67 was the mDst 

susceptible within its group while accessions No. 578 was least 

affected. No significant variation was detectable within _V. dasvcam 

and L. a. ?he correlation between the laboratoly and field 

w a s  hiqhly significant (~0.8541). 

Dr. K.-H. Linke, M.C. Saxena, W. Erskine, K.B.  S w ,  ard Atdel mneim. 

6.3. Soil Solarizatitn 

lhis was the forth year of experiments on solarization at Tel Hadya. 



Three trials were carried cut during the last season to cwer aspects 

of residual effect of solarization, effectivity of different plastic 

materials and suitability of solarization for an htqrated system. 

?he first tm trials were planted with faba bean. l+as were sawn in 

the integrated aatrol trial. 

?he residual effed of solarization was studied in one of the last 

year's trials the field of which was not tilled. Treatments were 0, 

20, 30, 40 and 50 days solarization in sumner 1987. mis trial was not 

irrigated during 1989 and the acamdated rainfall of only 234 m 

resulted in poor faba bean growth. No sirgle Orabanche shoot anerged 

despite a high infestation at that site. Only a low 

infestation was okerved. The 50 days treabnent sham3 z higher straw 

and seed yield ccwpared to the control, but the effect was not 

siqnif icant at the F=O. 05 lwel (Table 6.3.1) . 

Table 6.3.1. Residual effect of solarization (in the 2nd year). 

Orobanche Faba 
Solarization Dry weight straw (kg/ha) && (ka/ha) 

None 0 
20 days 0 
30 days 0 
40 days 0 
50 days 0 

L.S.D. (M.05) - 

'Ihe second trial on solarization tested the effectivity of 

different plastic materials (solarization was done for 40 days in 

surmrer 1988). 'Ihe plastic foils incluled 1) very thin clear PVC (0.05 



2.0 

1 .o 

0 Seed 

EZ4 Straw 

Orobanche 
0.0 

C 1 2 3 4  
Figure 6.3.1. Effect of solarization (40 days) on Orobanche and 

faba bean yield at Tel Hadya using different plastic 
material: C = control, 1 = thin plastic (0.05 m m ) ,  
2 = local plastic (0.16 mm),  3 = thick plastic 
(0.18 mm) and 4 = high quality plastic (0.16 mm). 

w thick), 2) a lccdlly p u k e d  clear W C  (0.15 m), 3) yellaw W C  

&ii& usually is used to mer plastic hauses (0.18 nun) and 4) a clear 

plastic w i t h  inpuved stability and ultra-violet permeability (0.15 

w). All plastic foils significantly redwed orcbmhe Orobanche ard dry  

wei+t. 'Ihis w a s  refl& in an hxease in seed yield, which was 

significant cmly in the treabmts 2 4 (Fig. 6.3.1). me partial 

failure of the other plastic material was due to a law stability of the 

plastic. lknperature u & a  different plastic treatments did not 

differ. 'Ihin foil (1) got easily plndured and was therefore blown off 

by the wind, reduciq the efficiency of the treatment. Hence, the 

lmer price for the thin foil does not justify its use. 

L k s .  K.-H. Linke an3 M.C. Saxena. 



6.4. Biological -1 

Luring a survey in 1988 the insect Phvtcmvza oroS3anchia was fauri to 

occ;ur widely in n o r h e s t e m  Syria and biological control was reported 

to be pranising. Infested Omhnche shoots - collected this s e a x ~  
and are rn storsd to study the diapause and h a w  requirements of 

the adults in relation to the storage corditions 

Samples of Orobanche infested by different fungi were also 

collected during the surveys. Isolation of these fungi on F m  was 

carried out jointly by the University of Al-ia and ICAREA. The 

screening of the isolates was done on Orobanche tubercles as well as on 

emezVed and flawerirlq Orobanche shoots. 

Ftesults of this study revealed the oamnmce of 30 different 

fungi belonging to 6 different fungal genera. Eight cut of these 30 

isolates prcduced rotting of Orobanche tubercles in a bioassay. But 

one, Ulocladium PRENSS [no. A3 (3) 1, deriving fmn a flowering 

shoot of Q. crenata at Tel Hadya, was aggressive even on emerged shoots 

of the parasite. A ccanplete destruction of the Ombamhe shoot was 

obtained provided enviromwntal conditions were suitable, i.e. 50-80% 

rel. humidity at a r a d  20%. Zhe results were confinned in the 

plastic house as well as in the field. Wisolation of the isolate and 

reinfection were performed. No pathcgenicity was deteded on 11 crop 

plants tested so far. 

Drs. K.-H. Linke, M.C. Saxena and S.B. Harollnik and Miss C. Scheibel. 



6.5. K U u d  Ccrrtrol 

Hand weeding of Onkmche is a labourintensive mthcd. Hand-plling 

of emerged shoots, althcupl late to r d n x  damge to the 

cmp, prevents a fur- increase of the Or&mdn= seed bank i n  the 

soil. Zhe effect of date of pllling of and the time EqUhd 

for @ling on one ha were studied (Tables 6.5.1 and 6.5.2). ?he best 

time for band-@ling was men Orcbxhe fl- were already b-, 

but capsules and seed still innature. An earlier @ling hxedsed the 

m m h r  of m e d  shoots. Lentil as well as chickpea are c r c p  suited 

for hand-@ling, as OmbmAe shoots are quite easy to detect in these 

crcps. Fulling of the shmts, lwdever, was faster when the crop w a s  

al- remwed (Table 6.5.2) . It is Wrtant to remove the pllled 

Olnbanche shcwts fmn the field as they are still able to prcdue 

Table 6.5.1. Effect of hand-@ling on the nunker of Orabanche 
shc&s/m2 in peas a t  the end of fl-ing of the crop. 

Treatment Before 2keeks Total no. emeqed 
@ling after @ling by end of fluering 

Table 6.5.2. Time required for hand-@ling of Q&B@E under leu 
infestation. 

cmp - Time for @ling fmn 1 ha 

Faba bean 
Pea 

* After remwing the pea c ~ o p  detecting was easy. 



mature, viable seeds. Viability of seed f m  shoots pulled and left to 

dry in the field mnqed f m  20 to 87%. In case piLled Orobanche 

shoots are used for feeding animals, the shoots have to be fresh and 

seed inmature. Mature Orobanche seed can survive the passage through a 

sheepsf stcma&andmightbespread. 

In order to hcrease the speed of manual control the a~plication 

of d l  anrxlnts (0.1 0.2, 0.5 and 1 m l )  of kerosine on the Orobanche 

shoots was tested. A quantity of 0.1 m l  kerosine was sufficient to 

kill 95% of the parasites without damge to the host plant. Kerosine 

is @ytotoxic to the host plants and therefore has to be applied either 

by a swab to touch only the Orobanche shoot or by a well-dinctd 

application using a special pipe. 

Drs. X.-H. Linke and M.C. Saxena. 

6.6. Cmp Rkaticm 

In addition to the natural decay of oxbmche seed in the soil various 

plants are able to stimulate Ombanche seed germination and thereby can 

influerce the seed bank in the soil. m i m e n t a l  plots (5 x 3 m) were 

planted with 10 different crop or kept fallcw during the previous 

season. 'Ihese plots were then uniformly planted to lentil to assess 

differences in Orobanche rnrmber and dry eight. All orobanche shoots 

in the previous season were muxed before maturity. 

Ombanche dry wight in lentil was significantly reduced after 

growing flax, Vicia villosa ssp. dasvcana, faba bean or lentil as a 

Preceeding crop (Fig. 6.6.1). Flaxas a preceedingcmpwasmost 
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Figure 6.6.1. Effect of differedt preceeding crops on the 
Orobanche infestation in subsequent lentil 
at Tel Hadya, 1988/89. 

effective in the Ombanche. Flax is a trap crop for Orobanche 

i.e. seeds are sthulated to germinate but they are not able to 

parasitize flax. Althcnqh the degree of elimination of Orobanche seed 

fmn soil by planting flax might be similar as with faba bean, no crop 

damage cxxws  on flax ard no shoots resd to be @led. Ihe laryest 

nmker of Omhm&e shoots q e d  after keeping the plot fa l lm.  It 

seems that seed under fallaw remain c o m e 3  in the soil while in 

plots planted to other crops a decline in seeds occurs to scare extent. 

F!esides stimulating the parasite seed, other factors might also 

influmce seed decay wder a plant canopy (e.g. higher activity of 

~ c m ~ q a n h s ) .  Hence, planting a trap crop l ike  flax can be 

recam%ded as a mans for reducing the Orobanche infestation. 



Lentil seed yield in this trial was law due to shortage of water. 

Ihe same holds for the ncrmber of emeqed Oro$anche shoots, whereas the 

unlergnxlnd infestation was high. 

Drs. K.-H. Linke and M.C. Saxena. 

6.7. -@d Qlrtrol 

Of the various control measures tested singly, none provided 100% 

contrul of Orobanche spp. in legume crops in a Meditemaman 

envbmmmt in Syria. ccwbining several single methods into an 

integrated control system, however, gave an efficient control. !Ihe 

elements of this htqmted control include use of less infested and/or 

early maturing cultivars, slightly delayed sming, application of 

herbicide, hand weeding and soil solarization. Exprhnt  on 

inkgrated cmkm1 was continued during the 1988/89 season. 

A very striking effect of reduced Orabanche infestation in faba bean 

was abtained sinply by delayed sowing-. Under uninfested conditions, 

delaying the sawing beyond the optbm date mrmally causes yield 

reduction. This reduction h m e r ,  can be minimized if the delay is 

short (about 10-14 days) , which proved sufficient to rduce the 

orobanche infestation; its efficiency further @med if it was 

aanbined with other methcds of Orobamhe amtrul. A &hation of 

delayed sming and herbicide gave results similar to those obtained in 

the past (Fig. 6.7.1) . Crop seed yield was not reduoed with delayed 

sming, because damage frcw Orobanche was less. 



Figure 6.7.1. Integrated Orobanche control methods: Effect of combination of 
herbicide (H) and less susceptible genotype (G) in chickpea and 
delayed sowing (D) and herbicide (H) in faba bean as compared to 
control (C) on Orobanche dry weight and seed and straw yield of 
the crops. 

The effectivity of her3icides (ql@osate or -) in 

rdu~ing Orobanche infestation was similar to that of delayed wing, 

but varied each year due to weather cnr-ditions. CXnhination of 

M i c i a  ksatmmt with delayed suiing resulted in goad -e 

control with h i m  g*xrmic efficiency. 

6.7.2. Lentil 

The trial on inkgrated control in lentil could not be evdl~ab3 for 

Q&gj&e effects as the site  where the trial was lccated was d y  

free of omhnche seed. ?he mmke of urdeqnxud a t t a m  

plants a n u m t d  to 0.7/1r? without any emqed shoot. Nevertheless, the 



~ p l i c a t i o n  of 2 x 7.5 g  a.i./ha imazaquin did not affect the straw or 

seal yield of lentil even withcut ordxrde. Shilarly, slightly 

delayed swing of a cultivar dri& is adapt& for late planting did nut 

reduoe yield. TIE carbination of bath methods is to be rmst 

emnCmic w i t h  lent i l  and will be further stuiied. 

6.7.3. CXdpa 

Cmditicfm for Cknhmhe infestation are pmvided only in w i n t e r  sown 

chidpa; in the later s a ~ n  spring chickpeas Ombanche has never been 

seen as a pxhlem. The geneml infestation m chickpea was less (by a 

factor of 5 to 10) caqxad to faba bean. ?hersfore, only 1m 

inprt techniques are justified to oontrol in this QOP. 

e l i c a t i o n  of 2 x 30 g  a.i./ha g l m t e  significantly reduced 

the-dryweight inotherseasons, a n d t h i s y e a r t h e r e w a s n o  

negative effect on the yield in the atxsence of the parasite (Fig. 

6.7.1). A genotype which s h a d  less Orobanche infestation in a 

previas shdy was not different fran IIC 482 in the present 

experiment with a law overall infestation, but had less yield. Upon 

identification of a rroderately resistarrt genotype, cultivation of 

chickpea wen i n  heavily infested areas may be possible, i f  an 

additional means of control (e.g. herbicide, hardqxll- etc.) is 

kluded.  

6.7.4. Eixage legunes 

Forage legumes differ widely in their suxeptibility to  Ombanche. In 

a highly infest& field use of less affected species warld avoid heavy 



Osdm-de attack ard seed bank hxease. Studies on micides 

indicated that gly@csate applications (2x60 g a.i./ha) did not prove 

effective with Lathvrus sativus, hcwwer, this needs further Sbxiying. 

Further reduction of attack can be acccnplished by delayed sowing. 

Delayed sawing by 4 weeks resulted in m emergence of an Orobanche 

shwt, al- a lot of snnll, mmemxged Ombanche attadnnmts were 

there (Table 6.7.1). 

Table 6.7.1. Effect of delayed sawing of =a mwkonensis* and 
Iathy~us sativus on Orcbaxhe. 

V. &. NW. 23 - 90 
Dec. 23 0 

L. d v .  NW. 23 80 
kc. 23 0 

-ion m. 67, which is very susceptible. 

6.7.5. Was 

PBas were the mst susceptible to om&aw&= of all the crops studied: 

lader heavy infestation the q was killed by flowering time. 

-h?JI'tS car&&& i n c 1 W  solarization (40 days), two varieties 

am3 micide treatmmts (2 x 20 g a. i./ha of imazaquin) . 

Solarization reduced infestation anl hxease3 seed 

yield. ?he &y weight of Orobanche deQeased fmn 524 @/ha withcut 

solarization to 9 kg/ha with solarization -e crop seed yield 

fnm 123 kg/ha to 914 lq/ha. 'Ihe herbicide application 



similar efficacy in ccntxulljng OmbandE as solarization but 

was nu& cfseaper (Fig. 6 . 7 . 2 ) .  In an earlier seasccl un3er m3re severe 

@xbmbe attack, howwer, the herbicidal effect was lau and no seed 

yield was atrtained. 

Excluiing solarization the ambination of delayed =ing plus 

herbicide gave hi- yield (594 kq/ha). 'lbe ambinatim of herbicide 

with a less susceptible genotype and solarization resulted in 1515 

kg/ha seed yield ard no emrgence of Olobanche shoots. 

Drs. K.-H. Linke and M.C. Saxena. 

- 
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a Seed yield 

Straw 

Orobanche 

Figure 6.7.2. Effect of Orobanche control methods on Orobanche 
dry weight and seed and straw yield of peas at 
Tel Hadya, 1988189 (C = control, G = less infected 
genotypes, D = delayed sowing, H = herbicide, 
S = solarization). 
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Figure b.8.1. Relationship between number of Oroabnchelarea 
and crop seed yield (A: faba bean; B: Pea; 
C: 2 forage legumes differing in susceptibility 
top = Vicia narbonensis, bottom = Iatbyrus sativus). 



6.8. klaticn beeveen omtambe mfesbtziur and Crcp Yield 

A better understanding of the ombanche - cmp yield relation is 

important for yield loss estimation. An hxeasing Omban&= 

infestation results in a reduced cmp bi- pmduction- Parasite 

acts as an additional stnmg sin)r on the host plant a t  the time of 

reprcdxtive grcxJth of the cmp and results in dmpping of flawers and 

reduced d yield. ?he typical relation between dry weight of 

and cmp yield is demmstmted in (Fig. 6.8.1). 'Ihe 

relationship may va?.y f m  cmp to  crop and d f i e d  by fa- like 

-e seed bank, weather corditions and control methods. An 

exanple for this relation is given for the effect of solarization in 

faba bean (Fig. 6.8.2). 

Crop seed yield (tlha) 
2.5 - 

1 3 Solarized plots 
I 

I 
I 

8 Not solarized plots 

75 100 125 150 175 200 225 250 
No. of Orobanchelm 

Figure 6 . 8 . 2 .  Relation between Orobanche number and crop seed yield 
(faba bean) in the solarization experiment (0 - solarized 
plots, e = not solarized plots). 



The international testing program m faba bean, lentil, and kabuli 

chi- is the vehicle for the dissanination of genetic materials and 

iqxuved production practices, in the fonn of international nurseries 

and trials, to the national program scientists in and outside the WAN?+ 

regim. The genetic materials carprise early segregating pqxlations 

in F-, and F4 generation, and elite lines with wide ard specific 

adaptation, special mlpholcgical or quality traits, and resistance to 

carprpn biotic (diseases, insect-pests and parasites) and abiotic (mld 

ard dnxght) stresses. The inproved production practices include 

nnnipilation of the Rhizcbielqum syrrS3iosis and weed control. 

Nurseries are only sent on request and often include specific germplasm 

developed for a particular region or a national program. 

The testing program helps in identification of genotypes with 

specific and wide adaptation and the perfonmxx data permit assesrment 

of gneotype x environment interaction and help in targetting breeding 

efforts for specific agmecolqical conditions. lhmqh the agronanic 

trials, research on optimum agrodc practices for different agro- 

ecolqical conditions is enoxraged in the national p r q m m  to fully 

realize the yield potential of their cultivars. 

With recent shift in a@asis of ICARWi activities as per EPR 

remmoendations, the distribution of all the yield trials and screening 

nurseries of faba bean to the national prograrrs f m  I m ' s  

headquartezs at Aleppo has k e n  stopped and only restricted number of 



-ies with special characteristics including determinate types and 

strsss mistance SOUCES have keen distributed for the 1989/90 season. 

The chickpa nurseries ken= further diversified during 1989/90 and 

six new museries including F4 Nursery for Scuthem Latimes (CIF4N- 

SL), SQ-eening Nursery for Sarthern Latitudes in Asia (CISN-SLI) , - Nursery for Sauthern Latitudes in Africa (CISN-SU), 

Scre&ng Nursery with extra laqe seed size for Latin American 

cumtries (CISN-IA), Yield Trial for Southern Latitudes in Africa 

(CIYT-SU) , and Yield Trial for latin American ccuntries (CLYFIA) were 

added. In lentil, the F4 nurseries ken= further diversified to 

include, egmgating poplation. for large seed size (UF4N-L), small 

seed size (LIF4N-S), and cold tolerance (IEJ4N-Cl'). In addition, a new 

 nurse^^ w i t h  somces of resistaxe to Ebsarim wilt has been included 

fran this seam.  lhus in tatdl, more than one thousand sets of 45 

different types of nurseries (Table 7.1.1. ) were desptached to various 

cocpemtors during the 1989/90 m. Several aqerators requested 

w e  quanities of seed of some elite lines identified by them f m  the 

international nurseries/trials for narltilocation yield testing and on- 

fann trials ardweathpted to& their requests. 

TIE salient features of 1987/88 international nursery resul ts  

received fran mopertors till 31 Octaber, 1989 are presmted here. 



Wle 7.1.1. Focd Legume Intenntianal Nurseries suplied f o r  the 
1989/90 season. 

International Trial/Nursery No. of sets 

Faba Eean 
Ascmhyta Blight Nursery (FBIABN-90) 
Chocolate Spot Nursery (FBICSN-90) 
lU& Mrrsery (FBIRN-90) 
Determinate Nursery ( F B I m 9 0 )  
Weea Control T r i a l  (-90) 
Need f o r  Inoculation Tr i a l  (FBNIT-90) 
Inoculation m n s e  Tria l  (FBlRF90) 
ombanche Chemical Control Trial (-90) 

Ientil 
Yield Trial, Large-Seed ( L I W L 9 0 )  
Yield Trial ,  Small-Seed (LIYFS-90) 
Yield Trial ,  Early (LZYT-E-90) 
Screening Nursery, Idrye-Seed (LISN-LAO) 

Nursery, Small-Seed (US-S-90) 
Nursery, Early (LISN-E-90) 

screening Nursery, 'Ed1 (LEN-T-90) 
Fq Nursery, w e  Seed (LJF4N-L-90) 
Fq Nursery, Small Seed (UFqN-S-90) 
Fq NUrSerY, Cold l b ~ ~  (UF4N--90) 
F4 Nursery, Early (LIF4N-E-90) 
Cold lbleran;re Nursery (LICIN-90) 
Ascmhyta Blight Nursery ( W - 9 0 )  
m i u a  w i l t  Nursery (LIFWN-90) 
N e e d  fo r  Inoculation Tr i a l  (LLNI'F90) 
Inoculation Response Tr ia l  (-0) 
Weed Control T r i a l  (INm-90) 

a c k p e r a  
Yield Tr i a l  Spring (ClYFSp-90) 
Yield Tr i a l  Winter, Mediterranean %ion 

(CIYFW-MR-90) 
Yield Tr i a l  Southemly Latitudes-1 

(CIYT-SLl-90) 
Yield Tr i a l  Southernly Latitudes-2 

(CAT-SU-90) 
Yield Trial  Latin Amiercan (CPPr-LA-90) 

Nursery W i n t e r  (CISN-W-90) 
screening Nursery spring (CISN-*go) 
Screening Nursery, Southernly Latitudes-1 

(CISN-SLl-90) 
Screening Nursery, Southernly Latitudes-2 

(CIS-SU-90) 



International T r i a l p x s e q  No. of sets 

L. ' ., Nursery, Latin hb=rican (CISN-fA-90) 
F4 Nursery, F k d i t e n a ~ ~ ~  Regicm (CIF4N+R-90) 
F4 Mlrsery, Smthemly Latitudes (I;IF4N-sL1-90) 
Asaxhyb Blight Nursery: Kabuli (CIAPPI-A-90) 
Asaxhyb Blight Mrrsery: Kabuli & Desi 

(CIAPPI-B-90) 
bdf- (CILMN-90) 
Cold Tolerance Mrrsery (CIrn-90) 
Ne& for  Inoculation Trial (-0) 
Illoculation Trial (ClIW-90) 
w e d  Corrtrol Trial (CW3-90) 

PBas 
Adaptation Trial  (=go) 

Results of 17 sets of Faba Bean Internatiornl Yield Trial-large Seed 

(FBIYFL) indicated that only at six locatiom (Oran in Algeria; Haus 

and Gelline in Syria; Moml in Iraq; Ferico in Argerrtina; and Sakha in 

Egypt) sane of the lines outyielded the local check by a significant (P 

< 0.05) mayin. T h e  f ive best yielding entries a- locaticms - 
included Reina B1- (ILB 1270), New Manmuth (ILB 1269), Gemini, 80s 

80135 (X79s 171) and FLZP 82-45FB. 'Ihe for s tab i l i ty  for seed 

yield revealed that  only the mean squares due to  linear (predictable) 

portim of genotype x envimmmt interaction was significant (Table 

7.1.2). The perusal of s tabi l i ty  parameters for individual entries 

revealed that the perfonnmce of 18 entries cut of 23 was prdictable.  



'Ihe erhrie~ ~mely, New Wimd&, FLIP 82-45E'B, 805 44027, FLT.P 82-54F8, 

IIE 1821, FLIP 82-3OFB, FLIP 82-28FB, a n l  IIB 1814 in descending onjer 

of superiority were with average stability and preaidable behaviour. 

lb other entries m y  IIB 9 and 80s 80135, with above average 

perfomarce, a xqresion coefficient mre than unity and the 

deviatims appruadhq  to zero, were responsive to high yielding 

envilWm3-b. 

Table 7.1.2. ANOVA for stability for seed yield for the errtries in 
F'BlYFL, E'BIYFS, ard FBIYT-D cc&l&ed durw 1987/88. 

Saxce of variation 

Entry 22 105.48* 22 231.97* 12 141.59* 
Entry x location + -tion 345 224.76* 391 322.66* 234 161.38* 
Lccation (linear) 172862.20* 1 115141.00* 134157.30* 
Entry x location (linear) 22 26.79* 22 107.13* 12 23.45 
-led deviation 322 12.71 368 23.54 221 15.04* 
-led ermr 704 9.97 792 17.19 456 9.85 

* Significant at P = 0.05. 

'Ihe Faba Bean Internatid Yield Trial-small Seed (FBIYT-S) 

analm for 18 locaticsls revealed that at b?mkanhx in Cyprus, 

Larissa  in Cseecz, Terkol in Iebamn, Conidxi in Spain, and Tel Hadya 

in Syria, scme entries cuxdd the lespective l d  dEecks in se& 

yield by significant maryb.  Acmss locations, the five highest 

y i e l a  lh Were: FLIP 83-88FB, FLIP 83-106FB, FLlP 84-48F6, FLIP 

83-105FB ard FILP 82-9FB. ?he stability a~lysis for seed yield (Table 



7.1.2) revealed that linear portion of w i m n m e n t  

interaction was predcdnant and inportant. Six entries namely, FLJP 

83-88FB, FIXP 83-105FB, FLIP 83-3FB, FLIP 83-95FB, Giza 3, and FLIP 83- 

1FB having abwe average yield, -icm coefficient equal to one and 

deviaticms approaching to zero had general adaptatim. ?hree mre 

lines d y  FLXP 83-106FB, 76TA 56267, and ELCP 82-35FB with above 

average yield, deviaticns appmachhq to zero regression greater 

than unity were  adaptable and responsive to high yielding envix'ummts. 

'Ihe Faba Bean International Yield Trial-ktenninate ( F B W D )  was 

report& frnn 19 locations and at 4 locations (Dijon in France, Danain 

in ~ K K I C W ,  Elms in Po-, and Tel Hady in Syria) xrne of the test 

entries excee&d the respective local check by a significant margin. 

AuPss locations, the five heaviest yielding entries included IIB 1814, 

FLIP 86-107FI3, m 86-146m, FLIP 86-118FB, and ELCP 86-145FB. 'Ihe 

heaviest yielding determinate line yielded 17 per cent less than the 

high yielding irdekminate check, IIB 1814. 'IRe ANOVA for stability 

for seed yield (Table 7.1.2) revealed that mean squares due to hoth 

a-rtry x lacation - (linear) and pooled deviations htemction were 

significant. Five e i e s ,  FZtP 86-107FB, FLXP 86-146FB, m P  86- 

118FB, FlJP 84-244FB, and FLIP 86-145FB, had above average performance, 

regression coefficient equal to Unity, and deviations fma regression 

v m  to zero, and were thus having general adaptation. 

In the Faba Bean International Screening Nwseq-Larye Seed 

(FBISN-L) out of 15 locations, at two locations (Taiba and Jubeiha in 

Jorrlan) 4 and 9 test entries exceeded the respective local checks in 



seed yield by signif icant margh  (at P 2 0.05) . lhe five test entries 

across locations included FLIP 84-127FB, FLJP 86-36m, FLIP 84-76FB, 

FLXP 84-9WB anl FLIP 84-107FB. 

m the Fakn Bean International ~meenhg Nursery-Small .seed 

(FBISN-S) Cut of 11 locations, at two locations (Taiba in Jozdan, and 

Dierab in Saudi Arabia) 22 and 1 test entries significantly exceded 

the respective local checks in seed yield. The five best yielders 

acnes locations included m;TP 86-Born, FI;TP 85-48m, FLIP 85-28FB, 

FLIP 85-7FB and FLIP 85-13FB. 

In the Faba Bean International Screening N u r s e q - D e t e r m i ~ t e  'lype 

(FBISN-D) cut of 16 locations reporting the yield data, only at two 

locations (Damin in Momam and t h m a r  in Yemen) a few entries 

excedd the respective local check by a significant rrargin. m e  top 

five yielders acmes locations included, IIE 1814, FLIP 86-122FB, m P  

86-123FB, FLIP 86-135FB and FLXP 86-U4FB. The top detamimte yielder 

in this nursery gave 14 per cent less yield than the in;letenninate hi@ 

yielding check, ILB 1814. 

?he results of F 4 - m  (FBIF4N) here reported fmn 8 locations 

and the ANOVA for seed yield revealed that at all locations a 1aqe 

nunSw of the sepegating popilations were statistically (P _c 0.05) 

similar or superior to the respective local checks in seed yield. 'Ihis 

indicates that the seleAion of superior plants within these 

mations was feasible at all these locations. 2he five best 

yielding populations arross locations included, c3.oss Nos. S85196, 



S85065, S85023, S85198, and S85190. 

'Ihe results on Faba Bean Intematicmal ksaxhyta B l i g h t  Nursery 

(FBIABN) were reported fran 7 locations. A t  Fulway and Radzikow in 

Poland a l l  the 23 entries- ratelbetween 7 am3 9. Based on 

rernaining 5 locations, nine entries Mmely, Sel.Lat. A87-1 (BPL 74) ,- 
175 (S83195), -15 (BPL 818), -17 (A2) , -35 (L83129), -36 (IE3135), -212 
(EZ% 2138), -218 (BPL 2144) and -304 (31818-1) exhibited rat- between 

1 and 5, and had better lwel of resistance as ccnpared to others. 

T h e  results of Faba Bean International Chamlate Spot Nursery 

(FBICSN) were reported fm twelve locations. A t  eight lccaticns, the 

susceptible check had the ratirq between 7 and 9 m 1 to 9 scale (1 = 

f r e ,  9 = hiqhly susceptible). A t  Fulway in -lard all  the entries 

were  rated a t  9. TXe frequency of ocarmxe of a line as tolerant 

w i t h  1-5 rating aQoss locations was ~@ESIZ for  S e l .  Iat B87-10 (BPL 

710), and Was follawed by Sel. Idt. B87-24 (183108), -27 (183114), -118 

(I83081), -127 (IIE 3025), -140 (ILB 3025) etc. 

The results of Faba Bean Intennticml Rust Nursery (F'BIW) were 

reported f m  six locations. A t  Fulawy in Poland there ma no 

infestation. Based on other locations cut of 21 lines, seven lines 

Mmely Sel Lat R 87-2 (BPL 8), -6 (BPL 261), -27 (I82014), -35 (BPL 

552), -54 (BPL 627), -61 (BPL 665), and -15 (BPL 1179) ocauPd mDst 

frequently anmq the tolerant lines. 

The Faba Bean Weed Control Trial (FBEC) results were analysed for 



4 locations for seed yield and the treatment effects were significant. 

The trea- i n c l m  p- application of Ribunil and K e r b  

at Holetta in Ethicpia; Igran and Rxb at Tarquhia in Italy; ard Igran 

at manvlr in Yemm were significantly superior to the respective wedy 

check. Also post- treahmt of Aretit ami milade was 

. . k p r u u i s i r q  at 'lkqmm in Italy. 

The Faba Bean Intenntional WLizcbium Inoculation F&sponse Trial 

(Fazrrr) was analysed for Taiba (Jordan) and lbmr (Yem!m) but the 

AN3Ti for seed yield was significant only for lbmr. llx treabmmt 

using strain number 481 with ~plication of 60 kg P20y'ha + 60 kg 

K20/ha was significantly superior to all other trea-. This shawed 

that strain mmS3er 481 bas mmt effective in fulfillirq the nikqen 

-ts of cmp at thatcar. 

Data fran 18 loaticprs were analysed for seed yield for Lentil 

Intenntiornl Yield Trial-Iaqe Seed (LPrT-L). At twelve locations, 

mmly Horsham, worth and Mallee in Australia; Elvas in P.~rhqd; 

Isfmmi in Algeria, Marw in Jordan; W l  in IPbancsl; Settat and 

Maxbazh in -; Alcala de Hanares in Spain; Tel Hadya in Syria: 

ard Fskisehir in Wkey sane of the test entries exceded the 

respedive local check in seed yield by a significant (P = 0.05) 

margin. The five heaviest yielding lines across locations were 

78526002, FLIP 85-38L, FLIP 85-35L, FLIP 85-84L, and 81'230935. 



Stability analysis based on Fhrhart  an3 Fiussell (1966) model for 

seed yield of LlTFbentries revealed that only new square due to 

pled deviaticms (m-linear portion of genotype x env- 

interaction) was significant (Table 7.2.1) . lhis exhibited the 

presence of differences amaq entries for their predictability across 

enviramnents. Ihe pezusal of stability parameters, for irdividual 

entries revealed that the entries FLCP 84-59L, m p  84-159~, m;TP 84- 

16lL, ITLP 86-31L an3 ITLP 86-32L had above average mean yield, unit 

regressim coefficient and nonsignificant deviations fmn regression 

arid thus adaptable. 

Table 7.2.1.- for stability for seed yield for the entries in I;Prr- 
L, UYT-S, ard UYT-E wrduckd durm 1987/88. 

Sauce of variation UYT-L I.JXT-S LZTPE 
DF BE(x104) DF b5(xlo4) DF MS(x104) 

mtrY 22 17.24* 22 15.74* 22 29.31* 
mtry x 1-tion + taxtion 483 68.56* 207 42.62* 184 64.10* 
Lccation (linear) 1 28093.80* 1 7122.83* 1 8351.42* 
mtry X lo~ation (linear) 22 14.34 22 8.83 22 30.38* 
pooled deviation 460 10.23* 184 8.19* 161 17.24* 
Wold ermr 968 4.53 660 4.07 594 4.56 

* Significant at P = 0.05. 

Ihe results of Ientil International Yield Trial-small Seed (LJYT- 

S) revealed that at 10 (Hassi W f  in Algeria; Horsham and Walpeup in 

Australia: Marm in Jordan; Taiba in Jordan; Settat in Momcm; Alcala 

deHeMlresinSpain;TelHadyainSyria; Eskisehir in Turkey) out of 14 



locations aiySea sew of the test entries exceed& the respective 

loml d16A in seed yield by a significant (P = 0.05) q i n .  The five 

heaviest yielders in this trial m FKP 84-58L, 76526013, FLIP 84- 

29L, EUP 86-29L and FLIP 84-51L. Stability analysis for seed yield of 

the entries in m S ,  revealed that d y  mean square due to pooled 

deviations was significant (Table 7.2 .1)  . Seven entries namely FKCP 

84-58L, FLXP 86-29L, F'LIP 84-159L, FLXP 84-51L, FLIP 85-31. ,  FTJP 84- 

82L, and FTZP 86-32L had abwe average mean, m-significant deviations 

frnn mgressicn, and -icm coefficinet equal to unity, and were 

thus adaptable. A line F U P  84-591, havirq above average mean, non- 

significant deviations frcm regression, and regression mre than one 

seems responsive to favourable envirorrments. 

The results of Lentil International Yield Trial-Early ( m E )  

mealed that at six locatiot?s m l y ,  Faisalabad, Sarai Nawrang, anl 

Islamabad in Pakistan; m w a l a  in Sri lanka; W l  Hadya in Syria and 

Gmu-xa in Egypt, 1 , 1 , 6 , 5 , 1  and 4 test entries, respectively, e x m e 2  

the w i v e  local check in seed yield by significant margins. 'Ihe 

five heaviest yielders acarss locations included, F'LIP 86-39L, Precoz, 

F'LIP 86-38L, Ll057 and Pant L639. Stability analysis for see3 yield 

for the entries in LTYFE (Table 7 . 2 . 1 )  revealed that only two 

entries, Pant L406 and F'LIP 84-1121, having above average yield 

perf-, regression ccef f icient as unity, and non-siqnif icant 

deviations f m  mqression had general adaptation. 

For Lentil International Smxming Mrrsery Large (LISN-L) , small 

(LISN-S) , Tall (USN-T) , and Early (LISN-E) the data for see3 yield 



were reporb3 frum 24, 14, 18, and 19 locations, rspztively.  Ihe 

analyses of data revealed that at 13 locations in IJSN-L (Faaj an3 

W z v h  in Iran; Elvas in Fortugal, TkAol in Ubanm, Alcala de 

Henares i n  Spain; Idleb, Izra'a and Tel Hadya in Syria; Psriw in 

Arqentina, Oliaqmi and Shanxi in Qlina; Gmmrw in Udle; and 

Nubaria in Egyp t ) ,  5 locations in  IEN-S (Alcala de Hmares in Spain; 

Shanxi in China; Tel Hadya, Iwaa an3 Aleppo in Syria), 9 locaticns in 

LNT-T (Tosharo in Bulgaria; Dmmlaxia in Cyprus; l'exhl in Lehmn; 

Settat in Mom413; mvas in m-; Alcala de Henares in Spain; 

Izrala, Gelline and Tel Hadya in Syria), 4 locations in LIST-E (Settat 

in Momcco; Fahalabad and Islamabad in Rikistan; and Perico in 

Aryentina) same of the test entries exceeded the respective local check 

by a significant -in (P = 0.05) .  'Ihe five heaviest yielders across 

the locations for these nurseries are given in Table 7.2.2. 

!hble 7.2 .2 .  ?he five heaviest yieldkg lines across locatiions in 
dif fererrt ldil s u r m h g  nurseries, 1987/88. 

Name of Nursery 

Rank IJSN-L USN-S IXNq m - E  

1 FTJP 88- 6L FKCP 88-29L ILL 1939 FLIP 88-34L 
2 FLIP 88- 1L FLIP 88-18L FLTP 88-51L FLTP 84-112L 
3 FTJP 88- 8L FTJP 8 7 4 8 L  F'UP 88-18L ILL 4605 
4 FLTP 87-171, FLIP 87-28L FLTP 84-58L ILL 1983 
5 FLIP 88- 4L FLIP 87-26L FLIP 8 6 4 l L  FLIP 86-39 



The results f m  Lentil bternaticxd F3-Trial (LIF3T) and Fg- 

Trial-Early (LIF3T-E) reported frun 9 and 3 locations, respectively, 

were analysed. S i x  crosses at trans in Syria, 4 ac6ses at Eskisehir in 

nn-key ard one ~ p s s  at Gemoeza in 4ypt in LIFjT; and twenty one 

cresses at Settat in WI- in m3T-E, gave significantly h i m  

yield than the respective local cfiecks. The five best yielding crosses 

~CKSS locations included X 865 52 (FLIP 85-37L x UJL 176) ,  X86S 57 

(83599 x ILL 4354), x 86S169 (74TA276 x FLIP 84-184L), x 865215 (FLIP 

84-26L X FLIP 84-82L) in LJT3T: and X865211 (FLIP 84-78L X M P  86- 

12L), X865109 ( W 1  x FLIP 86-19L), X 86S49 (ILL 4605 x W C  176) ,  X 

865255 (78s 26013 x FLIP 84-112L) a d  X86S121 (FI;TP 84-112 x M P  86- 

15L) in LIF3T-E. 

RLe results of Lentil International Cold lblerance Nursery were 

received fmn 3 locations -ly, Alcala de Hernres in Spain, Toshevo 

in Bulgaria, an3 Oraanieh in Iran. The susceptible check at these 

locations toak ratings of 5 ,9  ard 7 respectively. One entry, ILL 323 

took rating of 1 to 3 at tkv locations and two more entries, ILL 632 

ard ILL 662 exhibit- r a m  between 2 to 5 at three locations were, 

tolerant to cold. 

The d t s  of Lentil Internatiwl Asa&yta Blight Nursery were 

received only f m  Debre Zeit in Ethiopia. Only one entry, FLIP 84-85L 

with rating of 3 was resistant and all others were susceptible. 

Eight locations for which data on seed yield for Lentil Weed 

Control Trial (W) were reported, only two locations, ahibited 



significant treatnwt effects. At ll-mw in Yemen, Bladex (@0.5 kg 

a .  or ambinaticm of Bladex with Kerb (@0.5 kg a.i./ha); and at 

AARI Faisalabad in Pakistan Gesagard (e1.5 IoJ a.i./ha) in &ination 

with (@0.5 kg a.i./ha) as pre- application were the best. 

Ihe Lentil International Rhizabiun Yloculation Respxse Trial 

(L;IKT) was mprted frw 2 locations, mbmudja in eulgaria and Mamw 

in Jordan. None of the treabents with phizobiun strains excelled the 

-1 in seed yield by a significant margin. 

Ihe seed yield data wen= analysed for 14 locations for Chidpa 

International Yield Rial-Spring (CIYPSP). A large * of test 
entries exceeded the respective local check by a significant mangin (P 

= 0.05) at fax locations d y ,  Lkbre Zeit in Ethiopia, mntku&er 

in France, Efkisehir in Wkey and Valdivia in Chile. 'RE five best 

entries across the locaticms were FTLP 84-1532, FTXP 84-182C, ILC 482, 

FLIP 81-293C d FTLP 84-146C. 

The seed yield data for C h i c k p a  Irrterrrational Yield Trial-Winter- 

MBdi tenm-ea  Regiun (CIYT-W-MR) rwealed that at 11 locations (Dahrmni 

in Algeria: Laxia in cupms: in Jordan; Zememra and w e t  in 

Wmcco; Sevillia d Alcala de Henares in Spain; Tel Hadya, Jableh, 

Jhlkess ard Izra'a in Syria) aut of 21 locations same entries 

exceeded the w i v e  local check by a significant margin (P = 0.05). 



'Ihe five best entries acrcss locaticns included F'LIP 84-92C, FLIP 83- 

47c, FLIP 83-98c, FLIP 83-48c a d  ILC 482. 'Ihe mnm for stability for 

seed yield irdiated that m squares due to pled deviations and 

entry x location (linear) were significant (Table 7.3.1) . One entry, 

F'LIP 84-92C had regression coefficient greater than 1, nonsignificant 

deviatians from regression and highest man yield, anl was thus most 

responsive to favorable e n v i r v ~ .  S a w  of the entries, Mmely FLIP 

84-93C, FLIP 83-71C, F'LIP 83-48C, F'LIP 84-80C, F'LIP 84-1586, F'LIP 81- 

293C, F'LIP 84-102C and FLJT 85-78C had regression coefficient equal to 

one, deviations from regression approaching to zeru and the seed yield 

wre than the general mean, and were thus widely adaptable. 

Table 7.3.1. ANOVA for stability of seed yield for the entries in 
CIYIW-MR and CTYT-L corducted during 1987/88. 

Source of variation 

Entry 22 66.35* 14 93.04* 
Entry x location + location 414 77.84* 465 68.96* 
Iocation (linear) 1 28413.30* 1 26323.80* 
En* x location (linear) 22 26.99* 14 43.36* 
Pooled deviation 391 8.23* 450 11.41* 
Pooled error 836 4.84 896 4.49 

* Significant at P = 0.05. 

T h e  ANOVA for seed yield for entries in Chickpa International 

Yield Trial-me-Seed (CIYT-L) for 33 locations revealed that at 17 

locations (Eatmoni in Algeria; Heredia in casts Rica: in 

Italy; Emyet, Zemmra, and in M o m ;  Obregon in Mexico; 



Alcala de Henares and Sevilla in Spain; T e l  Hadya, Hars, Izrala, and 

J' " in Syria, W a l  in Iraq; la Mlina and Qnete in Feru) sane 

of the test entries exce&ed the respective local check by a 

significant margin. The five heaviest yielders across the locatims 

Were FLIP 85-15C, FLIP 85dOC, FLIP 85-17C, FLIP 85-14C, and FUP 85- 

16C. ?he ANOVA for stability (Wle 7.3.1) revealed that man squares 

due to bath linear and non-linear portions of g x e interacticm - 
significant with of linear portion. Only t w  entries 

m l y  FLIP 85-14C and FLIP 85-1% exhibited ncm-significant deviations 

frcm regression, had above average man and coefficient 

equal to unity and thus exhibited general adaptability. 

In the Chickpea International Yield Rial-Gu)rTlapical Region 

(CIW-SIR), out of 7 locations analysd a few test entries excede3 the 

respective local check in seed yield by a significant -in at fcur 

locations (lW& in Af@nistan; Obregun in &CO; Tel Hadya ard 

Jiniiress in Syria). The five heaviest yieldezs across lccatims were 

FLIP 85-145C, FLIP 83-22C, FLIP 83-73C, FUP 81-293C and FLIP 8442L. 

The Chickpea International Yield Trial-Early (CIW-E) was 

for the first time during 1987/88 season. Results were 

rqorted frcm 4 locations and at none of the locations the test entries 

the local check by a significant margin. ?he five heaviest 

yielding entries across locations, hawwer, included, FLIP 81-293C, 

m P  82-12C, FLIP 85-108C, FLIP 84-124C and FLIP 85-105C. 



Zhe Chickpa International Yield Trial 'I211 (CIYT-T) was conductgl. 

for the seaxd time during 1987/88. Zhe rescilts were reported fmu 22 

locations and ANWA for seed yield rwealed that at Mc6ul in Iraq; 

Iahwni in Algeria; Tab& in S a d  Arabia; Sevilla in Spain; Izrara and 

Idleb in Syria; in rn-; Culiacan in Mexico: 'I'erbl in 

LebaMn; in France; and Amqa in Wkey, sane of the test 

entries exceeded the respective local M in seed yield by a 

significant margin (P = 0.05). T i e  five heaviest yielders across 

locatims included FLIP 85-12C, ILC 195, FLIP 85-87C, FLIP 85-19C, and 

FLJP 85-146C. 

Ihe adjusted seed yields in Chickpa Intematicmal S a e w d q  

Nuseq-Winter (CISN-W) rewaled that at 19 locations a& of 30, sane 

of the test entries exceeded the respective local check by a 

significant -in (P = 0.05). The five heaviest yielders across the 

locations included FLJP 86-5C, FLIP 86-7C, FLIP 8641C, FLIP 86-58C and 

FLIP 85-90'2. 

Zhe results of chidpa International S c m m h g  Nursery-Spring 

(CISN-S) were reported frcan 20 locations. At 7 locations scsne of the 

test entries exceeded the local check in seed yield by a significant (P 

= 0.05) margin. The five best yieldkg lines acruss loations included 

FLJP 86-23C, FLIP 86-53C, FLIP 86-19C, FLIP 86-28C and FLIP 86-16C. 

Zhe results of Chickpea Intermtiom1 F4+ial reported f w  12 

locations shckled that at three locations sane of the F4 popllations 

were significantly superior to the respective local checks in seed 



yield. T h e  five hiqhest yieldirg populations a- locations were 

X851H116 (ILC 165 X FLIP 83-46C), X851H278 (ILC 3843 X FLIP 83-13C), 

X85'Il-I271 (ILC 3779 x FL;Tp 82-59C), X851H 123 (ILC 171 x FLIP 82059C), 

and x 85!lW!89 (ILC 4291 x F U P  82-127C). In addition at eight other 

locatians .sane of the test entries exceeded the respective local check 

but mmricdlly. 

?he Chickpa International Asmchyta Blight Nursery (CIABN) 

results f m  11 locaticols revealed that none of the entries was 

tolerant to Ascochyta bliqht infestation across all locations. 

Considering the frequency of axurrence of an entry among the tolerant 

(with rating up 4 on 1-9 scale), it was clear that among kabuli lines 

two entries, IU:  2956 and ILC 3279 occurred 9 times, and were followed 

by ILC 72, ILC 202 (8 times), FLIP 83-48C, FLIP 84-93C (7  times) etc. 

These entries thus exhibited broad based resistance to Asccchyta 

blight. Similarly, among the desi lines, the entries FLIP 85-31C, ICC 

3932, ICC 4181 and ICC 9514 exhibited more broad based resistance as 

canpared to others. 

'Ihe olickpa Leaf Miner Nursery reprted f m  Badajoz in 

Spain. Ihe susceptible check tcok a maxinarm score of 7 on 1-9 scale. 

cut of 40 test entries, 2,  3 1  and 3 entries took rating of 2 ,  3 and 4 

(on 1-9 scale), mqeztively. The entries ILC 3828 ard ILC 5901 had 

rating of 2 and were highly resistant. 

For olickpea International Cold Tolerance Nursery (CICIN) the 

reaction was reported from three locations only. At Alcala de Henares 



the susceptible check took rating of 5 and the results were not 

conclusive. At Tashevo in mqaria, only ILC: 3826 took rating of 5 and 

all ather- entries rated between 6 to 9. At Karaj in Iran, FLIP 82-85C 

and FLXP 85-9OC were rated at 3 and WE tolerant. 

The data on Chickpa Weed Control Trial (CWT) reported from eight 

locations revealed that weeds in chickpa caused an aver all lcss of 

43.5% amass the locations. The pn-emergence application of Igran 

@3.0 kg a.i./ha, or Wloran or Trib.mil with Kerf, @0.5 kg a.i./ha were 

effective acmss locations. 

The results of Chidpea Need for Inoculation Trial were reported 

f m  five locations but the treatment effects were non significant at 

all the locations. ?his irdicated that natural Rhizobium was 

sufficient to fulfil the nitrogen rqukments of the crop. 

'Ihe results of Ckidqea International Rhizobiun Inoculation 

R e s p l l s e  Trial were received f m  three lcrations and analysed for seed 

yield. mere were no significant treatment differences. 

The Peas International Adaptation Trial was initiated for the first 

time during the 1987/88 season, ard sent to 16 cmpators in 13 

countries. The results were received for seed yield from 5 

Cap3X3tors. At Granada in mile and Holetta in Ethiapia none of the 



entries exceeded the local check by a significant mqin. Hmmer, at 

shambat (Sudan) one entry (Consort), at Id-Molina (Peru) one entry 

(Derrinut) and at Vallcdolid (Spain) 4 entries (Sudan local, Echo, 

eallet and m t a )  exceded the local check by a significant -in. 

Frm the genetic materials supplied in the Intermti& Testing 

Prcqram the nationdl programs identified and released 7 varieties of 

chickpa, IU: 482 and I U  3279 in Algeria; 'IS 1009 (I= 482) and 'IS 

1502 (FLIP 81-293C) in hance; ILC 237 in Sultanate of Qmn: Elmo (ILC 

5566) and Elvar (FLIP 85-17'2) in Portugal; six varieties of lentil, ILL 

5750 in Australia; E?alkan 755 and ILL 4400 in Algeria; Indian head (ILL 

481) in Canada; Centinela (74TA470) in Chile, and M a y a  2 in lebanan; 

and one variety of faba bean, Favel (80543977) in Portugal for general 

cultivation during 1988/89. In additicm a large m m b r  of lines were 

identified for multilocation testing, on-farm trials or pre-release 

rmltiplication. Also a large nunbsr of lines resistant to various 

stresses have been identified frcnn stress tolerance nurseries and are 

being used for direct or indirect exploitation. 

DIS. R.S. Ma-, L.D. Roke&xm, W. Erskine, K.B. S m ,  S. 

Hanamik, M.P. Haware, D. Beck, S. Weigand, M.C. Sax-, S. Silh. 



8.1. Nile Valley I6agicnal P m p m  

Ihe Nile Valley hqject (NVP) on faba bean, which was SJaXSsfully 

wted in ~gypt and Sudan fmn 1979 to 1988, anl in Mhiopia f m  

1985 to 1988, was raised to the status of a regional program in 1989 

2Ud named the Nile Valley Regional (NVRP) . In addition to faba 
bean, and mini- activities were m e 3  to include d l  

am1 season cereals (wheat and tarley) ard three additional cool season 

food legumes (chickpa and lentil, and field pea for only Ethiopia). 

1- in collaboration with the three natiornl pmqram had p r e m  

the project proposals for each aamtry and saxceded in obtaining 

funains. Ihe Egyptian anpcglent of the program is being funded by EEC, 

that of Sudan by the Gwenmrent of Netherlands, and that of Ethiopia by 

SAREC of Sweden. A significant progress in research was achieved in 

& cumtry during the 1988/89 crop season. Highlic$Its of research in 

the three camtries are presented here: 

8.1.1. 

8.1.1.1. Faba bean 

Over the last 5 years, the faba bean area in Egypt has continuously 

ixmasd fmn 119, 627 ha in 1985 to 157, 776 ha in 1989. Average 

produdivity also increased fmn 2.52 t/ha to 2.74 t/ha. 

In the pilot pmdwtion plots in Minia and Fayarm governorates 

& and straw yields ' 1 on the average by about 25 and 14%, 

respectively; in Behaim the respective increase was 43 am3 24%. The 



package included variety, seed rate, N ard P fertilizer, 

weed control, and in Behaira control of foliar di-. High 

variations in plant popllations were found between 'in' and 'out' of 

demmtration plots primarily due to inappmpriate seed rates (below 

reamm&d rate in Minis and Fayarm), late sawing, poor seed bed 

preparation, no weed control and low fertilizer rate. In all 

governorates, the rewmadd package resulted in a hi- 

profitability, and in Behaira 70% of the fanners thaqht that the 

adoption of the package hcreas& the faba bean pmduction. Control of 

Oro$anche in pilot demonstration plots in Minia and Fayarm by using 

tolerant variety (Giza 402) and glyphcsate resulted in substantial 

yield (70 to 100%) and net benefits by reducing Ombanche 

infestations. 

The faba bean resear&er-~~~ged on-farm trials in Behaira and 

Minia fcase3 on land preparation, planting mthads and sawing date. 

Plant mations ard seed yields were higher in the no-tillage system 

with planting on hills/on old ridges or by reduoed tillage involving 

cme roto-tilling before seed broad- and then covering the seed 

by rotmator as canpared with the conventional tillage system. Ihe 

adaption of either method by farmers depends on availability and cost 

of labor in the first, and availability of rotavators in the villages 

in the second method. -er-managed on-farm trials also 

identified faba bean gemtypes adapted for no-tillage sawing system and 

assessed the ecornmics of intercropping of faba bean with suganane in 

Minia governorate. The rate of glyphosate needed to control Orcbanche 

cauld be reduced by about 30% if a foliar spray of N, P and K was done 



along with the glwosate. 

In the baclolp in faba bean breeding sane p d s i n g  

material was identified with regard to seed yield, agr-c dmmcters 

ard resistance to chocolate spot, rust, Orobanche and aphids, which 

will be re-evaluated *or used for crcssing program. Eleanwhile, pre- 

release mltiplication of seeds of fax lines earlier selected fran 

cro6ses involving chocolate spot resistance has been done. Also, 

R e h a  Blanca has been mltiplied for release. 

In the evaluation of breeding lines for aphid resistance nine 

lines previously selected shawed consistently lm a@id infestation and 

damage. The laboratory screniq also identified -. pdsing 

material, originating fmn Fqypt, Sudan, Ethiopia ard IcARI?A. Frcw 

these, a regional aphid saeedq nursery will be formed for testing in 

the three countries. 

8.1.1.2. Ientil 

In 1988, the area under lentil dtivation in Egypt was 8000 ha. 

m t l y  the crop was intzcduced to the Delta region, and Sharkia and 

Kafr-El-Sheikh gwermrates wfiich new amount to 50% of the total lentil 

praluction area in the camtry. Hence pilot pmkction plots were laid 

c a t  in these gov-rates. lbe iq~rwed package that included 

n e d  s e d  rate, N and P fertilizer, irrigation and control of 

weds, insect-pests and diseases resulted in 25 and 12% in 

seed and straw yield, respectively, in Sharkia governorate and 17 and 

5% in Kafr-El-Sheikh gwemorate. Seed yields exceeded 3 t/ha in one 



location and nwre than 2.5 t/ha at others. 

Results of the -ed on-farm trials shwed that the 

mininnrm tillage system using mtovator for sowing lentil after rice 

removed the inconsistency in lentil stand due to the variation in seed 

depth and h t e d  in better plant stand as wll as higher seed and 

straw yields. S M i e s  on irrigation and s m h q  methods revealed that 

broadbed sewing with two irrigatians gave si@ficantly him seed 

yields than ridge-sud- with one or two irrigations. 

BacJcup researrh in lentil breeding identified 70 entries that 

cutyielded the check. Of these, 10 shmd resistance to aphids, and 

five shawed tolerance to water-logging at one location. None of the 

Fgyptian entries responded to irrigation and only Precoz, an exotic 

line, sh& a g o d  respnse. ?he selected pdsing material will be 

re-evaluated and/or used in the -iq program. A line soume 

sprinkler system is bee- used to assess the resporse to mi- 

supply and a wilt sick plot for screening the lentil material for wilt 

disease. 

8.1.1.3. chi- 

In the --mnqed trials prohrctivity of sare &sing 

chi- genotypes was increased by using package of 

practices including inpmved sowing methd, inoculation with Rhizobim 

and weed con-1. ~esponse to inoculation w i t h  effective strains of 

Rhizcbium was very striking in the newly reclaimed areas in Nubaria. 



In the badolp research on breeding sonre pranising material was 

identified and selected for further evaluation ard/or use in crossing 

Program. 

8.1.2. SLdan 

8.1.2.1. Faba bean in the 'nev areas' 

In spite of floods and locust infestation, experiments on varietal 

evaluation of faba b a n  genotypes pmnitted identification of 

suitability of Maim Medium (SML) faba bean as a dtivar well adapted 

for Me New Areas north of Xhartana, and gcrs3. in coo* quality an3 

a n .  Ihe dtivar, which has already been released 

for the traditiondl areas, will be prqxsd for release and an 

effective pmgram of seed multiplication will be started., 

lines 00564 and 00594 perFomurl well and are being 

m=umm%i for national varietal trials. ? h e  will he dmnstrated 

in the on-farm evaluation. Sare 15 gemtypes have sham mnsistently 

lm damage fmn leaf miner in the last 3 years of testing. 'Ihese will 

be nu# evaluated for their moqho-agmnanic characters. 

Results fmn pilot demrdxation plots in Rahad, New Halfa and 

G e z h  areas confirmed that irrtrodudion of faba bean in these areas 

was veq pranking because of high yield and excellent economic returns 

(Fig. 8.1.1). Yields in Gezira were high (2.3 to 5.5 t/ha) with an 

average net-return of IS 7779/ha. ?he technology will, therefore, be 

pmaoted in the scheme thrcugh N 1  involvement of extensionists and 

schemz prsonnel. 



P a c k a g e  farms m ~ e i g h b o u r i n g  farms 

Grain yield (t/ha) 

Pilot/production plots 

,Farmer managed trial 

Wad Hamid Messaiktab New 

Gezira Halfa Rahad 
Nile province 

Figure 8.1.1. Grain yield of faba bean in pilot production 
plots and farmer managed trials in the 'New 
Areas' south of Khartoum. Sudan, 1988189. 

Backup on disease resistance help& identify same faba 

bean breedk.lg lines tolerant to wilt ard roat ruts at Shambat 

Station. These will be indluded in the NVW regional rmt rut/wilt 

-=niW nursery. 

8.1.2.2. Faba bean in the 'bzditicnal areasJ 

Impact assesslwt studies in the Northern Province ard in scmne special 



schemes i n  the N i l e  Province shcwed good adoption of several ccmpnents 

of the package p a r t i a a r l y  date of sowing and storage 

m e t h a j s .  =sns w i l l  be identified to link the findings of the 

project with the continued transfer of technology in the traditional 

areas. 

Baclarp resarch i n  the Northem-Province (Selaim and -la areas) 

revealed the hportance of weed and pest control axxi timely ming. 

These results w i l l  form the basis of further farmr-ma~ged on-fann 

t r i a l s .  ?he Agricultural Research Corpration has assured that  

research staff  a t  D3ngla station w i l l  be s w e n e d  so that  the 

progress of transfer of technology w i l l  be hasten&. 

Baclclq, research in the N i l e  Prwince revealed the importance of 

contrvlling American boll worm, wee3 control and suitable watering 

frequency particularly in the Wad Hamid area. 

8.1.2.3. Ientil 

U n t i l  crop showed great p r a i s e  in the Rubatab area in the Nile 

Province i n  the pi lot  prduction plots involving the best-bet 

t e c h n o l q  developed in  the region through previous on-farm t r i a l s  

onxiwki by the project scientists.  The yields exceeded 3 t/ha in one 

demmstration. ?his work w i l l  be m e d  to encourage l en t i l  

praiuction as the gwenrment is anxicus t o  cut the import to save 

scare foreign exchange. lack of decortication faci l i ty  for l en t i l  was 

identified as a major constraint and efforts w i l l  be made to resolve 

this pmblem. 



Backup on weed cartrol at Rutatab, El-Hassa and Shendi 

locatiuns revealed the importarce of wntmlling weeds effectively. 

The mdanical weedkg (by hoeing 2x) was mDst effective method whexeas 

the p- Micides testing did rat pmve effective. New 

hexbicides with mre dosage range will have to be tested. 

StudiesondiseaseslwealedthatNsarimwiltand~mildew 

a d d  becane patential yield in Rutatab and El-Hassa areas. 

Ctmtm1 measures for these diseases will be investigated in the aauing 

seaxn. 

8.1.2.4. Kahrli &iskpa 

ZIdoption of a package consisting of inprwed level of such factors as 

variety, sowing date, irrigation, see3 rate, nitrogen fertilizer and 

pest control, resulted in significant yield gain of > 1.2 t/ha over the 

general f m t  pmctice in the pilot prcdudi-tion 

prcgrmn in Fahatah area. 

-ed on-fanu trials in Wad Hamid and FUbtab 

established the superiority of M i - 1  ( m t l y  released variety) 

over Ehladi (local variety). The respanses to variation in 

rate and application of nitrqen or inoculation w i t h  Rhizobium were not 

P-. 

Backup research on varietdl evaluation revealed that in addition 

to Shendi, variety NM: 2486 also pwed very prcpnising. Fusariun wilt 

and stunt virus were identified as the potential diseases in the 



Rubtab  and Wad Hamid areas. Badwp mieamb is needed on @os@mte 

ferti l ization, inoculation and water mmgenmt in the caning year. 

8.1.3. Eth.iqia 

8.1.3.1. Faha hean 

!l%e results of the pilot prducti-tion plots in the 

oentral zcne of Ethiapia were very enccmaging. Ihe hpmved 

p r d w t i o n  package (with an irrprwed cultivar of CS 20 C%(, seed rate of 

200 kgha, dianmwnium phosFhate 100 kg per ha, ard two hard uedhqs a t  

30-25 ami 50-55 days a m  S C X J ~ J )  increased faba bean yields by 70% in 

N i t o s o l s  of high altiMes (2300-2700 m, Table 8.1.1) . A similar 

package with another inproved variety (NC 58) resulted in 65% yield 

increase i n  vertisols of mid-altitudes (1850-2000 m, Table 8.1.1). 

Ekonanic evaluation of the dmmstmtion plots in N i t o s o l s  showed that  

the inproved package was highly profitable resulting in an average 

increase in net benefit of 175 Eth. B i r r / h a  (Table 8.1.2). Results 

obtained in Vertisols were better ard prwvided an average net kenefit 

of 630 Eth. Birr-. ?he marginal rates of return were 175 ard 335 for 

N i t o s o l  and Vertisol situations, respectively. 

lk results of testing the inpmed faba bean production package 

an farmers' f ie lds  in 1988/89 season again were very emxuaging 

(Wle 8.1.3). Of the four zones in the central ard V 

highlands of Ethiopia where these trials w e r e  cmducted, highest man 

grain yield of 2272 k@m was ckhined fmn Y e r e r l k r e y u  zone (Shew 

rsgim) followed by 1452 kg/h fmn o l i l a lo  zone ( A r s i  region). 

Coersidering the results of 1986-1988 crop seasons, early sowing was the 



Table 8.1.1. Grain yield (Kg/ha) of faba bean gram with inpmed and 
farrrers' methods in Nitowls (red soils) and Vertisols 
(black soils) of the cmtml zone of Ethiopia, 1988. 

Demcolstration Altitude C;ram yield II(cr/ha) 
. . 

site (m) Irrpmed Farmers Difference 
pa- m&hcd (Kg/ha) 

s s  (Re3 soils) 
IWa-Goza 2650 3000 1600 1400 87 
AqaM-Illu 2550 1710 1560 150 10 
KechmaMalU 2500 2400 1560 840 54 
SubaAcke30 2650 1700 DO0 500 45 
--I 2500 2330 1070 1260 118 
Rob-Gebeya-I1 2500 930 680 250 37 
TelecZlo 2550 800 400 400 100 
SademD 2400 1470 1210 260 21 
Guntuta 2400 1550 800 750 94 - 2500 1630 770 860 111 
Gahatsion 2500 800 420 380 90 
Mean 1670 1020 640 70 
rSD (P4.05) 278 
W(%) 22 

Verisols (Black soils) 
+jh. 1900 1600 800 800 100 
D- 1850 3100 2000 1100 55 
Ada 1950 2200 1200 1000 83 
Gcdino 2000 1330 1080 250 23 
Mean 2050 1270 790 65 
LSD ( W O O )  570 
cv (%) 16 

most important factor in faba bean pmkct ion in Menagesha, Yerer- 

I(ereyu and Salale Zones (all the three in Shewa region). In Chlalo 

zone, fertilizer was the most imporhnt factor followed by variety and 

w e d  control. 

The bree3b-q program continued to a- and gene.rate variability 

in faba kean f m  i n d i m  collections an3 ICWIW (Table 8.1.4) , and 



W l e  8.1.2. Partial hdget analysis of the effect of the 
package of faba bean prduction in Nitosols of high- 
altitude and Vertisols of mid-alti-e areas of the 
central zone of Ethiopia 1988. 

Factor package Farmers' Dif ferenm 
Nltosols Vertisols nr2thcd Nitosols Vertisols 

Average grain 
yieM (I(a/ha) 1670 2050 1140 530 910 

AMC price 
(Birr/ha) 534 656 365 169 291 
IM price 
@=/ha) 1503 1845 1026 477 819 

Total variable 
OXIS (Birr@) 328 343 155 173 188 

Net benefits 

AMC Price 
( L ~ / h a )  206 312 210 
IM price 
(Birr@) 1174 1501 871 

Maryina.1 rate of =turn (8 )  

AMC price -2 55 
LM price 175 335 

by a hybridization program. aE eqhasis was to develop early-mturing 

and disease-resistant high yielding varieties for both high, and mid- 

altitude areas of the country. For this, attempts have also teen in 

prcgress to develop plre lines frow the Ethiopian laxhces. As a 

result, 434 lines are rmi in the farrth-cycle of selfing wfiich will be 

tested for yield and other desirable characters in the ccgning seasons. 

Saw of the pranking varieties in different yield tests were CS 2ODK 



M l e  8 . 1 . 3 .  Average grain yield ( K q h )  obtained f m  irdivi&al 
factor and/or cxmbination of factors in the faba bean on- 
fann trials in Ethiopia, 1988. 

Treatment 
ambinations MeMgesha Yerer-lkreyu Salale Orilalo 

S F W V  

T I + + + +  
T 2 + + +  
T 3 + - + +  
T 4 + +  
T 5 + + +  
T 6 + +  
T7 - - + + 
T 8 +  
T g + + + -  
TlO - - - - 
Tl l  + + - - 
T12 - + - - 
T13 - + + - 
T14 - - -  
T15 - + -  
T16 - - + 
T17 - + + 
T18 + - -  
T19 + + -  
T20 + - +  
T2l  + + + 
Mean 

Letters S, F, W, and V denote mirq date, fertilizer, weed amtrol 
and variety, respectively. T h e  plus (+) and minus (-) signs denote 
test factor at the researchers' and fanners8 l e v e l ,  respectively. 

44 -2 -6 ,  PGRC/E Act. No. 027189 ( i n  hie-altitudes), NEB 207x74TA 74-6D 

(in mid-altitudes). Also, the five lines, viz., BPL 710-A-1, -1179- 

A-1, -1179-&I, -1179-2 and -1802-1 fma ICAROA that wre identified 

resistant to chocolate spot in the past at Holetta maintained their 

resistance. 

National Program Scientists and Dr. S.P.S. Beniwal. 



W l e  8.1.4. flae ntmS3er of entries fmn ICARDA in different faba bean 
trials at Holetta, Ethiopia, 1988. 

Trial* Total Entries frcm % entries 
entries ICARW f m  IcARm 

PSN-stage1 608 - stage I1 127 - stage 111 309 
PYT 32 
PNYT 17 
NYT 8 

PSN = mlimi?ary -, nursery; Prr = preliminary yield trial; 
m = pre-national yield trlal; ard NW = national yield trial. 

CDcperation continued this season between ICARDA and national food 

1- inpmement programs in Algeria, t4~rwx0,  and Tunisia to 

resear& mrk an3 transfer imp3rtant research findings to 

fanuxs. T h e  ultimate objective is to increase national proctuction of 

faba bean, chickpea ard lentil. National and regional network 

develapnent provided cc~nplenwtarity in reseKch efforts tixmgh both 

nultidisciplinary and specialized team approach. Ihe backstqqing 

s q p r t  f m  ICARDA h-base prcgram in Aleppo provided all national 

prograns with relevant germplasm, additional technical h p t  and 

training. 

8.2.1. Tmisia/IaXS oxpxrative pnqmm 

In this cooperative p c g m n  between 1- & INRZLT (1'Institut 

Natioml de la Recherche rqrunmnique de la Tunisie), Tunisian and 



ICARDA scientists contimw3 their joint efforts i n  -the imprwewnt of 

all thn?e food legumes. Ihe IrrjtiM National dtAgmnane (INAT) was 

involved in  disease research hhile the Off ia  des Ceredles verified and 

-ted important resear& finlings. ItRC provided financial 

p r t  to the national program for the on-fann activities. 

Ihe 1988/89 season was dxuaderized by the lrPst serious dnxqht 

since 1900. Rainfall in the main reseamh staticms Beja, W Meliz 

and El-Xef were 333, 254 and 208 m, respectively, which is about 54, 

56 a d  55 of the mean annual rainfall, respectively. Hawater, rainfall 

distribution was excellent and amp yields were higher than ap&d 

ur&r such dry d t i o n s  (Table 8.2.1) . lknprature was excessively 

high tawards the end of the gmwhg season and a l l  food legume crops 

m a w  20-25 days earlier than n o d .  Biotic stresses particvlarly 

foliar diseases were nunmal 
. . 

due to dnxqht. Hwwer, F'usarium w i l t  

was sericus on fanners fields caw* up to 100% yield losses in 

Northem Beja (Lafareg area) . 'Ihe disease is spreadhq t o  new areas. 

Ombanche w a s  also a serious problem on faba bean. 

8.2.1.1. Faba M breeding 

In both large and d l  Seeded faba bean, min eqhsis continued on 

the develqment of higher yielding genotypes with durable resistance to 

carnrvl biotic stresses namely Botrvtis, Wxchyta, s t m  nematode and 

Orabanche. Beside exotic germplasm, the national breeding program 

utilized local popilations very w e l l .  

In the large seeded t r ials ,  out of 92 breeding lines tested in one 



Table 8.2.1. Overall mean yield of t r i a l s  of food legume crqs a t  
different rseanh stations in Tunisia, 1988/89. 

Cmp/Laxkion rn 
Trial Best line LDcal check 

Faba Bean Lame-Seeded 
Beia 2366 3600 2512 

Faba Bean SIM11Seeded 
Beia 2602 

-1 
Beja 
0. Meliz 
El Kef 

1. Rainfall a t  Beia, Cded Meliz ard El-Kef was 333. 254 ard 208 m. - .  
respedively. 

2. Faba bean received 60 ma of supplanentary irrigation a t  Cded Mel iz  
and three trials received 15 nm irrigation a t  Beja. 

aaMnoea (FBAYT-Lil & L2) , one preliminary (FBPYT-L) ard 3 international 

trials (FBIYPL, -S, -D), 47 and 79 lines m e d  the lccal cfieck mean 

a t  Beja and 0. Meliz. However, only 12 lines did so significantly and 

yield increases up t o  38 ard 95% were recorded a t  the two locations. A 

number of lines showed hi* yield ard wide adaptation: S82 113-8, 80s 

44027, 80s 80028, FLIP 84-127FB, FLIP 88-1FB and Reina  Blanca w i t h  



yield advantages of 12 to 36% wer the local check. In the 

pre1hhn-y yield trial lines 85/463 and L 83124-8-2-2 artyielded the 

loal by 38 and 31%, respectively at Eeja and Cued Meliz. m i d e r h  

perfonnance wer the last three years, the lines &ina B l a m a  (IIB 

1270), Turkish m (ILB 1820), 80s 80135 and 582113-8 gave 

consisterrtly higher yields than the local wer locations with mean 

yield advantages of 10, 6, 6 and 4%, mspztively. 

In small- faba bean, 51 advanced b- lines were yield 

tested at two locations and 21 and 14 lines the local &ech 

at Eeja and 0. Meliz, respectively. H a ? e v e r ,  none did so 

significantly. ?he lines FLIP 83-3FB, FLIP 83-106FB, ELIP 84-59FB, 

FLIP 87-167Fl3, S 84132, S 84151 ard Fate 305 shrwed wide adaptaticm 

with yield advantages ranging between 3 to 22% at either location. 

FLIP 83-106FB outyielded the local check by 14% over the last two years 

in one to two locations. 

In segregating populations originating fmn c z s e s  made for 

disease resistarm at I-, prcanising selections were  made in the F5 

generation. mese included 38 single plants and 38 bulks for disease 

resistance at ICARIX, prcnnising selections were made in the R 

generation. 'Ihese included 38 single phnts and 38 bulks for disease 

resistance. Out of 342 faba bean progenies selected for high and 

desirable pod and seed characteristics, 219 selections originated fran 

crosses of exotic by local germplasm and 123 selections originated frcan 

local pzpiiations. prosenies of single plant selections made in local 

s n a l l d e d  populations were very p d s i n g  in yield potential. 



In saeedq for resistance to w, neither the advanced 

bmding lines nor the segregating lines targeted for OmbmAe 

resistance .shad any tolerance in a uniformly and highly infested 

farmer's field in Beja area. 

8.2.1.2. (3.i- -4 

?he chickpea breeding p m p m  involved yield testing of advanad 

breeding, saeenbq .€or resistance to w y t a  blight and wilt and 

d i n i n g  resistam&? to both diseases in addition to high yield and 

good seed quality. 

In yield testing, 145 advanoed breed- lines were  evaluated for 

winter and spring sawing a t  three and one location, respedively in 7 

replicated yield trials (2 advanced: CAYl'-Wl & W2; 5 international: 

CIYT-MR, -'I!, -L, -E, -SP) . In winter w i n g ,  17, 72 and 48 lines 

artyielded locdL and inproved chec)cs at Beje, Cusd Meliz an3 El-Kef. 

Harwer, only one line (FLIP 84-164C) did so siqnif icantly a t  Beja. In 

spring sowing, out of the 145 advanced lines only 6 lines outyielded 

the local check Arrdoun at Beja and just one line did so significantly. 

This reflects the g o d  adaptation of the local check for sprirq 

planting. 22-1 winter hiclqza, 82, 11 ard 51 lines exceeded the local 

check at Beja, 0. Meliz and El Kef. Inspite of the serious drwqht, 

the best advanoed breeding lines yielded 2.2 t/?m at both Beja (333 

mn) ard El-Kef (208 m )  and 3.3 t/ha at 0. Meliz (254 m). 'Ihe 

highest yielder across locations was FLIP 87-54C with mean yield of 

2.13 t/ha vhile the himes t  yielder at any one location was the larye 

seeded F'LIP 87-54C (3.3 t m )  . 



In advanced yield trials, all lines were resistant to local 

strains of Ascdyta blight (a score of 4 or less in 1 to 9 rating 

scale). A ramrber of these lines had high yield with wide adaptation 

across locations (Table 8.2.2) . l'he t m  lines FLIP 83-47c and FI~P 

84-92C perfo- well in both winter and spring with a yield 

advantage of 13 and 68% c ~ e r  'Kessab' (FLP 83-46C) and local Amlcun, 

respectively. In addition, FLD 84-92C performed excepticmally well in 

the verification trials and thus both lines will be in the pre- 

release narltiplication next season. 

In the international trials only few lines shawed wide adaptation, 

these included FLLP 84-lgc, m p  84-1642 and FLIP 84-182C in addition 

to 84-92C. Yield admrbges across lmations rarrged between 8 to 

30% wer the high yielding 'Kassebt (FLLP 83-46C). These lines also 

showed hi@ yield in Momax and thus confinnhq their wide 

adaptation. They are also resistant to AscuAyta blight. FLP 84-80C 

&xed specific adaptation to the drier area of El-Kef althcugh it also 

did well at Beja (Table 8 . 2 . 3 ) .  

In breeding for resistance to both wilt and Asca%yta blight, 

crossesweremadetocanbineresistancetobothdiseasesinone 

gm&ype along with high yield and desirable agrcncmic & a z a c k s .  F4, 

F5, F6 progenies were xreened for both diseases using the 'shuttle1 

breeding method. This is being done by alternating screening against 

wilt (Fusarim qp. and Verticilim spp.) in the wilt sick plot (WSP) 

at Beja and against Asmchvta m i  under artificial caditions using 

a mixture of isolates. 
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8.2.1.3. IE&i..l breeding 

lb l en t i l  b w  program f- on yield inprovement, early 

maturity, acceptable seed quality 4 desirable t r a i t s  for 

nechanization (tall, erect, m - l o d g h j ,  resistance t o  seed shatter- 

aml good pal mtentian). lhis is dane mainly thrwgh evaluat iq  

introduced advance3 b e  lines and segregating pcplllations. 

mirq this season, l en t i l  o ~ m  again prwed its gocd tolerance to 

mt. Yield test- of 82 small and large-seeded lines in  tsm 

advanc& t r i a l s  ( I A P L I  & L?) and two international trials ( W - L  & 

5)  a t  2 to 3 locations indicate3 that  63, 65 ard 14 lines exceeded the 

l d  check a t  Beja, E l  &f and 0. Meliz, m i v e l y .  H-er, only 

2 and 7 lines did so significantly a t  the f i r s t  two locations, 

r s p c t i v e l y .  In advanced yield t r i a l s ,  several lines s h a d  hi* 

yield and wide adaptation (Table 8 . 2 . 4  and 8 . 2 . 5 )  . FLJP 84-103L, FTTP 

84-106L, 785 26002 anl Nesir ( I  4606 released line) gave 

significantly higher yield oaopared to the lccal 'Cmselatia' and the 

yield advantage ranged between 17 to 40% wer two seasons acrcss 2 to 3 

locations ( W l e  8 . 2 . 4 )  . Several other lines s h a d  hi@ yield and 

wide adaptation. A t  E l  Xef, FLJP 84-82L, FLIP 86-5L, FLIP 87-48L, FIJP 

87-49L and 785 26002 also significantly outyielded '(Xlselatia' w i t h  

yield incremnts between 41  to  68% a- two locations (Table 8 . 2 . 5 ) .  

FKP 84-103L and 785 26002 had consistently gaxi p e r f o m  wer the 

past three years and thus w i l l  be in pre-release multiplication next 

season. ?he fir& l ine has wider adaptation while 785 26002 has 

~ i f i c  adaptation to drier conditions. 



.fable 8.2.4. Multilocation yield performme ( of pmnising 
lentil  lines in advanced yield trial (IAYT-Ll) a t  three 
locations over t w u  dry seasons, 1987/88 and 1988/89. 

-5K- i L K ! 3  Bei a 0. Meliz Mean 
88/89 87/88 88/89 87/88 88/89 yield % over 

(lal/ha) Cueslatia 

L w x 2  
81s 154 933 - 888 - 1796 1206 111 
815 186 712 - 1060 - 1371 1048 97 
FLIP 84-103L 721 975 2362 1613 1521 140 - 
FLIP 84-106L 837 m 0  883 2207 1609 1411 130 
W P  84-114L 778 1142 1063 1328 1563 1175 108 
FIJP 88-2L 683 - 833 - 1954 1157 107 
78s 26002 
Nesir (ILL 4400) 
Nefza (ILL 4604) 
cxlselatia (local) 

C.V. (%) 27.3 23.2 12.4 27.1 24.8 
S.E.+ 199 260 180 733 347 

1. V a l u e s  underlined signifiantly higher than those of the local 
Cuselatia. 

In the international trials (LWFS & L), several other lines &wed 

high yield and wide adaptaticm with yield kmase up to 61% a t  El-Kef 

and 45% a t  Be-ja (Table 8.2.6) . Across locations, the larq- FLlP 

87-2L cutyielded ' W l a t i a '  by 44% while the s m a l l d e d  W P  84-58L 

ard W P  84659L had a yield advantage of 34 and 33%, respectively. In 

&exvation international nurseries for large and smllseeded (I;TsN-L & 

S), earliness (USN-E) and tall habit (ISSN-T), several lines were  

selected for further testing in replicated trials. 

A lenti l  gernplasn collection was carried in southern and central 

'I\misia and 16 d i v m  a-iors were collected. A l l  accessions had a 

seed size equal to  or less than 2 a/100 seeds. 



Table 8.2.5. Miltilocatim yield prfo?xnance of widely adapted len t i l  
l ines in advanoed yield trial (IAYT-U) a t  tw3 l aa t ions ,  
1988/89l. 

am EL Kef Beia Mean 
yield % of yield % of yield % of 
( W )  1cCa.l (wm) ~~ ( W )  - 

81s 15 
FUP 84-29L 
FL;LP 84-441. 
FLIP 84-82L 
F L D  84-103L 
FL;LP 86-5L 
FUP 86-35L 
FUP 87-48L 
FUP 87-49L 
78s 26002 
Nesir (ILL 4400) 
Nefza (IU 4604) 
Leal Cueslatia 

C.V. (%) 
S.E.+ 

1. Values umkrlined are significantly greater than t h e  of lccal 
W l a t i a .  

8.2.1.4. k w f  

Agmmmy studies during the 1988/89 season included w e d  control, dates 

of sawing, popilation density, fert i l ization and N2- fk t im .  Eased 

cm results the fol lmirq m l u s i o n s  can be made: 

- Weeds reduced yield by 48% in faba bean, by 43% in lentil anl 75% in 

chickpea averaged aver 2 to  4 locations. Effective weed control was 

best w i t h  two hand -, 45 anl 90 days af te r  emxqence. TIE 

seconi best treatment kas a d i n a t i o n  of p r e e y e n c e  herbicide 

and one hard weeding a t  a l a t e r  stage. Effective herbicides 

trea- included lkb (0.5 kg a.i./ha), for  all crops as a grass 



Table 8.2.6. Grain yield (kg/ha) of pranising large and snallseeded 
lentil lines in htematicmal trials at El Kef and Beja 
in Tunisia, 1989/8g1. 

-9-r- El ICef Beia Mean 
yield % of yield % of yield % of 
(W) lO2a.l ()ag;/ha) local (mm) - 

LJXT-Larue-Seeded 
FLIP 87-2L 
FLIP 87-5L 
F'UP 87-17L 
81s 38326 FB 
785 26002 
Nesir (ILL 4400) 
Nefza (ILL 4606) 
Local Cueslatia 

C.V. (%) 
S.E.+ 

LzYT-Small-Seeded 
FLIP 84-29L 
FLIP 84-58L 
FLIP 84-59L 
FLIP 87-36L 
FLD 87-48L 
FLIP 87-53L 
FLIP 87-571, 
Nefza (ILL 4604) 
Local Cueslatia 

C.V. (%) 
S.E.+ 
- - - - 

1. Values underlined are significantly greater than those of meslatia. 

killer, in addition to Igran in faba bean (3.0 kg a.i.) and chi* 

(4 kg a.i./ha), Maloran (2.0 kg a.i./ha) for lentil and T r W l  (2 kg 

a.i./ha) for pea. T h e  traditional inter-= cultivation with 

drawn cultivators to c~trol weeds was f and  ineffective and caused 

reduction in yield. should be disaxraged fraa usw this 



technique ard encauraged to replace it by the above recamnenlation. 

- Early sawing of chickpa cnntinued to give higher yields canpared to 

the traditional spring smirq. Yield gains up to 150% may be 

achiwed by advancing sawing date fxcan March to January or earlier. 

- Stu5.i- on poplation density shed that 1- s a d n g  density gave 

better yields in both chickpea and lentil under the dry oceditions 

&ich prwailed this season. 

- In ~2-fixation std ies ,  a ramS3er of local spp. strains 

were collected in faba bean, dry pea and beans. Highly efficient 

faba k e n  strains were identified in the microbiology laboratory at 

ICARW. 

8.2.1.5. Pathology 

Disease work concentrated on _A. ard wilt ( m i m  sp. and 

Verticilium spp.) of chi- although there are other serious diseases 

particularly in faba bean. 

For Botrvtis fakae 38 single plants and 38 segregating bulks of 

faba bean were selected for disease resistance under natural 

infestation. mese will be re-evaluated for disease resistance under 

artificial disease conditions next season. 

In chickpa wilt, about 2000 accessions f m  the world germplasm 

collection of ICARW were saxend at E!eja wilt sick plot (WSP) and 183 

accessions were confinned for their resistance after a minimum of two 

cycles of disease screening. The resistant accessions will be 

evaluated agronmically anl an evaluation catalque will be developed. 



In addition, sevexal progeny - seleded fmu segregating pcplations 
were smeened for wilt to caabine bath wilt and asmchyta blight in one 

gemtype. Work on the disease variability of wilt a m t h u d  as a part 

of a Ph.D. thesis. Already several isolates of E .  oxvsrx~m and _V. 

*trum were identified with different mqAolqical and pathcgenic 

dmlacterist ics.  

In chidpa blight (A. a) 394 advanced bnxding lines were 

screened acjaimt the disease under artificial inaxlation and 56% of 

those lines were resistant to tolerant. Howwer, m l y  o m  was fairly 

resistant to wilt. Lines which were resistant to blight in Tunisia as 

hell as in Morocco are ETTP 83-47C, FLIP 83-48C, FLIP 84-6OC, FLIP 84- 

92C, FLIP 84-93C, FLIP 84-102C, FLIP 84-109C, FLIP 84-144C, FLIP 84- 

182C. Under heavy disease pressure, several F4, F5 and F6 progenies 

were also screened against asxchyta blight and a m&er of resistant 

single plant selections were made to be screen& for wilt during the 

next season in the lshuttlel bmedhq methcd to mine resistance for 

both diseases. 

on disease variability of _A. &i continued under 

ccntrPlled conditions. Using a differential host set, three isolates 

s h a d  different reaction oanpared to that of the six lawan races of A. 

rabiei. These isolates also showed. different mr@mlogical and 

cultural ~cteristics. El-Kef isolate was the roost virulent while a 

different biotype was a&prent in the Beja isolate. Work continued 

also on isolating the toxin(s) induced by 8. in the plant and on 

the biochemistry of disease reaction. 



8.2.1.6. Olrfann activities 

Cn-fann work included verificaticm and -tion of pmnising and 

newly released cvltivars as wll as yield maximization plots w i t h  

several cu l tu ra l  practices. Yield levels and response to various 

levels of input were seriously affected by drcught in three ah of four 

an-farm sites. 

In chickpa, the newly released and poterrtial culti- did well 

a t  a l l  locations a- to the local nrltivar. In partidar 

'Kessab' (F'LIP 83-46C) and F'LIP 84-92C yielded 1.13 and 1.39 t/ha, 

respectively, carpared t o  0.78 for  l o a d  N o u n  across locations thus a 

yield increase of 50 and 84%, respedively (Table 8.2.7) . A t  Mateur, 

where asoxhyta developed, the local cultivar yielded less than 0.15 

t/ha in contest to 'Kessab' and WP 84-92~ which yielded 1.28 and 

1.55 t/ha, respectively. Both confind their higb level of 

resistance t o  bliqht. Hmever, the second genotype psrformed better 

in mc6t  locations and w a s  the  hi*& yielder in both w i n t e r  and spring 

sawing. l l~us it w i l l  be released as a dual season cultivar. 

Table 8.2.7. Yield perr0nm-s~ (kqha) of narly released ~J-xI ptential cbickpd dt ivars  in 
on-farm trials at fau loatias in W i a  d u r w  the w i n t e r  ard sprirq 
seasans of 1988/89. 

mtivar mtau Beia 0. Zama M. mnim 
winter spr- winter Sprirq Winter SprW Winter Spr- 

~- ~~ 

Kesseh (FB346C) 1279 443 1746 430 1037 275 465 324 
(hetwi (I= 3279) 1042 156 836 225 506 275 496 357 
FLIP 84-92C 834 345 1582 502 789 382 564 392 

M 
winter Sprirq 

755 446 
712 448 
1132 368 
720 253 
942 408 

1. Amctyta blight develcped seriarsly. 



'chitwiel (IIC 3279) being l a t e  in maturity, had lw yield under the 

dxught stress conditions. 

In lentil, the lowl Cuselatia (0.61 t/ha) had similar yields as 

the newly released Nefza (ILL 4606, 0.60 yha) and s l ight ly  mme than 

Nesir (ILL 4606, 0.54 yha) across locations un3er dry caditiom of 

this season. 'Ihs potential cultivar FLIP 83-103L also had similar 

yield (0.61 t/ha) to Ouselatia. These lines are expzted to perfonn 

better than the 1 6  under mre famrable conditias.  

'Rnrisian National Scientists and Dr. M. Solh. 

8.2.2. ~~Iuxo/I- focd legume e v e  pmgm 

In the maperative project between ICARW and INRA ( l r In s t i t u t  Natianal 

de l a  Recfierche Rq-runcanique), lkmccm and ICARW scientists mrked 

tugether on the inpmvemmt of major food legume crop. Beside M, 

ather national institutions (e.g. I.A.V. Hassan 11, m-Meknes, Faculty 

of science Rabat) contributed to back-up researrh in a milti 

disciplinary and d t i - ins t i tu t ional  approach. m f e r  of important 

zesear& firdings t o  fa- was done mainly i n  collatoration with the 

Department of Field Crops (D.P.V./MARA) and Extension Servioe i n  

addition t o  INRA. ICAROA contributions were in p rwidhq  technical 

inplt in rescar&, relevant -lam material, inpruving research 

capabilities of national scientists thmugh training, mrkshops and 

networks, and f o l l w  up on tednology transfer to farmers. 

F!seanA on food legumes was conducted an 9 researrh stations: 

Jemara Shim, Khemis Zeinamm, Sidi Iaidi, Dar kmzzeh, G u i h ,  



J4erd-1ouch, Alal Tazi, Douyet and A n n a m .  Because of differences i n  

adaptation and in the distribution of food legme crops, research work 

on faba bean was mncentrated in the mre favorable conditions (Douyet, 

Guich, Alal Tazi) . F&sear& work on &&pea was on the less favorable 

corditions in Merchouch, Jema'a Shim, M s  !&mmm; while tha t  for 

lentil was i n  Merchouch and Sidi Laidi. Dar Bouazzeh Station was the 

site for disease work be- a coastal site. 

Climatically, mntrary t o  last season, the 1988/89 was 

characterized by a seriw misture  strew in and January and 

heavy rains in March and April. In ~ c u c h ,  50% of the total 

ra infal l  was received i n  Nar& ard Pgril. Nevertheless, annual 

r a i n f a l l  was generally comparable with mean annual average 

precipitation i n  the rain stations except for the southern stations 

(Jem'a Shim and Khanis Z e m m r a )  where rainfall  was mch higher (see 

belm) than the long-term average for a secnnd year in a m. Faba 

hem was msst affected by the early moisture stress and plants 

flowered abcut six weeks ear l ier  than usual and before sufficient 

vegetative growth. In addition, the dry hot eastern w i n d  cfuring pod 

f i l l i ng  a t  w e t  reduced yield drastically. 

Stations 1988/89 rainfall  Annual Averase 

J. S h h  431 282 

K. Zem3mra 409 320 

S. Laidi 304 311 

MelThouch 376 388 

'-Wet 436 451 
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on the biotic stress, the 1988/89 season in Morocco was 

characterized by three disease epidanics due to the early nvisture 

stress and the late heavy rains. A s a d q b  blight on chickpea was very 

sericus in KnwiSset (Mednxh, Chada (Settat), M a  and parts of 

AWa die lentil was wiped out by rust in major pmdudion areas. 

Faba bean was seriously affected by viruses. Clmbmche w a s  serious in 

faba bean as in previous seasans. Similarly Sitong weevil and aphids 

also affected the crop. 

8.2.2.1. Faba bean breeding 

?he faba bean breeding program f cases  on hi* and stable yield with 

1-e seed, early maturity, and resistance to Orobanche, BotnRis, rust 

and stpm m t d e s .  Inpmvement activities this season included 

mahbaaxe of germplasm collections (273 accessions) ; yield testing 

and okemation nurseries of advanced b w  lines, F5 and F8 progeny 

m; waluation of bulks of F3, F5 and F8 of segregating papllations; 

arrl scmenbg for resistaxe to -e, BotnRis, rust, and stem 

nematcdes. 

In replicated trials,176 lqe-seded lines were yield testsd in 

me national, 3 advanced, 5 preliminary ard 2 international trials in 1 

to 3 locations (Table 8.2.8) . A tatdl of 147 lines (70%) exceeded the 

local chek considering all locations lxlt only 2 lines did so 

significantly. H-er, results of yield trials at Dxyet, where the 

buUr of the faba bean program was axducted, were inconclusive due to 

the him coefficient of variability values (34.5 to 55.5%). 'Ihis is 

mainly due tn the early excessive nuistum stress, the heavy non- 



uniform virus infestation and the strong and dry Eastern w- during 

pod filling which contributed to the 1 w  yield. Nevertheless, the 

high yielding check 'Aguadulcel was cutyielded considerably in almost 

all trials and yield differexes were up to 4 times (Table 8.2.8) . A 
nmber of lines gave hi@ yield and wide adaptation over years and 

locations. (Table 8.2.9 and 8.2.10). 7 4 m  22, 805 44027 and m p  82- 

30FB artyielded 'Pquachilcel by 15 to 24% averaged wer three years in 

Douyet and one year in Jema'a Shim. Yield achieved by New 

l-lmwth, Gemini and PAMl averaged 20, 33 and 36% over three 

-irommt~ (two years at Douyet and one year at Jemala shim). 

highest yields were obtained by F5 and F8 lines selected under local 

conditions. The F5 line 621-2 yielded almost 4 ha at muyet inspite 

of the adverse conditions mentioned earlier. 

In determinate type, m P  86-107FB and FUP 86-118FB outyielded 

'Aguadulcel by 23 and 19%, respectively, and averaged about 2 t/ha wer 

Table 8.2.9. Yield performance (kg/ha) of advanced lqe-seeded faba 
bean lines in the national trial (FBNYT-~89) wer years 
and locations, 1986-89. 

Dowet J. Shim 
R d i p  1986/87 1987/88 1988/89 1988/89 m % of local 

- 
74 TA 22 1310 2889 2484 2830 2378 115 
79.5 4 1111 2667 2706 2640 2281 111 
80s 44027 1329 3333 2036 2830 2382 115 
FLIP 82-28FB 1274 3500 2127 2450 2338 113 
FIJP 82-3OFB 1400 3000 2923 2950 2568 124 
Wkish kcdl (ILB 1821) 1226 3444 2108 2390 2292 111 
Aguadul~e (Lacalcheck) 992 3722 1376 2160 2063 100 

E D  (5%) 
C.V. (%) 

392 723 N.S. N.S. 
22.2 14.2 46.4 12.8 



two years and two locat ions (Table 8.2.11). FLIP 86-125FB and ETXP 88- 

8FB gave ccmparable y ie lds  to 'Pquaducle8 at two locations. 

Table 8.2.10. Yield prfonuarn=e (kq/ha) of large-seeded faba bean 
lines in the advanced trial (FWFGA-89) wer years and 
locations in mmcc~, 1986-89. 

FTJP 82-27FB 
m;fP 82-45FB 
FLIP 82-54FB 
FLIP 83-43FB 
80s 80135 
New Manmoth 
Genlini 
PAM 1 

E D  (58) 392 723 N.S. N.S. 
C.V. (%) 22.2 14.2 44.8 18.9 

Table 8.2.11. Yield of  faba bean detennimte gemQps a t  two 
locations in mnxco, 1988/89. 

-W- m e t  Jenra'a Shim 
1988 1989 1988 1989 Elean % o f  local 

FLIP 86-107FB 
)ag/ha 

3067 1025 1796 2500 2097 123 
FLIP 86-118FB 2744 1000 1858 2460 2016 119 
U P  86-125FB - 913 - 2540 1727 105 
FIlP 88-8F8 - 1123 - 2420 1772 108 

2400 827 1104 2460 1698 100 

ISD (580 756 N.S. N.S. 
C.V. (%) 17.5 48.0 43.0 



In the prcgeny testing 461 out of 1089 progenies were selected. 

High yieldirq 12 F3 and 6 F5 bulks were selected for actvanced 

generations. It was appawrt that the progenies selected under local 

caditions had generally better yield performance mrpared to the 

hdxdwticas of advanced bredkg lines. 

Screening for orabanche resistance revealed three a-ions (FH 

889, F 1285, F1350-9) shmm tolerance. Progeny mws selected for 

resistance at IC?GUA-Syria s h a d  good resistance levels (two progenies 

were ampletely free and 35 prqmies showed high level of tolerance) 

b s s e d o n t h e ~ o f ~ e p l a n t s p e r m w .  

8.2.2.2. breeding 

'Ihe chi- breeding prrgram foaws on the developwlt of high 

yielding cultivars adapted to winter and spring seasons with gccd seed 

quality. The prcgram puts more Pnphasis on winter and dual season 

types with high level of resistance to AsccchVta rabiei, large seed 

size and early maturity. Additional emphasis is put on wilt and leaf 

minor which are inprtant in both seasons. 

In varietal hprovement, three lines were recarmnended to the pre- 

release catalcque trials: FLfP 83-47C, FLfP 83-48C, an3 FL,IP 84-92C. 

These lines are high yielding, dual season types with semi-erect cpmth 

habit, high level of resistance to blight (3 rating on 1 to 9 scale) 

and good seed quality. C u t  of six lines which were in catalogue, only 

two (FLIP 82-150C, FLIP 82-152C) were kept because of their good 

resistance under the severe asccchyta epidemic which prevailed during 



this - in &in areas in MOLPO~.  Yield levels were low in 

areas kbre the blight was more virulent and conditions were favorable 

far disease spread w x h  as at  ouch *ere the highest yielder, FLIP 

83-47C, p- 862 )03/ha. W e r ,  inspite of the early misture 

stress, yields of 3.4 ad 3.3 t/ha were &tained in Jema'a Shim anl 

wet where the blight was less virulent and affected iminly the 

local cultivars. 

Perfonmnce of winter chickpa aver locations and years indicated 

that six lines in the advanc& rational trial (CNYT) were  superior to 

the local (gave 16 to 27% ~mre yield) and ccmparable to the high 

yielding and widely adapted ILC 482 (lhble 8.2.12). me lines FUP 84- 

92C, FLIP 84-IO~C, FLIP 84-1442, m P  84-1492 also shmd high lwel of 

resistance to Asa&yta bliqht (3 score) where the disease w a s  m~st 

virulent. These lines yielded 2 to 3 times as nuch as Ill3 482 in that 

location while the 1-1 was ccmpletely killed early in the season. 

Yield levels ranged between 2.4 to 2.6 t/ha across laations an3 aver 

the last lxm seasons. Pdditional lines (FLIP 83-98C, FLIP 84-80C, FUP 

85-93) also shaed high yield, wide adaptation and resistance to 

Asccd'~yta blight. In spring chi-, 34 ad 59 advanced breeding 

lines were evaluated in replicated trials and observation nurseries, 

respectively. ?he best local d-~ecks were Outyielded by 30 and 34 lines 

at t w  locations where m y t a  blight w a s  sericus but only 1 line 

artyielded at the thizd site which had no Asaxhyta blight. Acmss 

lc~atim the best yielding spring chickpa lines were FUP 82-150C, 

FUP 84-182C, FLIP 84-92C and FLIP 84-12OC with yields between 1.8 to 

1.9 t/ha and 16 to 24% yield advantage over the local PCH 37. 
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?he dwelopnent of dual season chickpa is a regional objective 

in M o m .  After two years of evaluations a t  3 locations, 11 l ines 

s h w d  wide adaptation and high yield in both winter and spring 

seasons (Table 8 . 2 . 1 3 ) .  1988/89 season was favorable for spring 

mhg &e to the oxdi t ians  mentioned earlier. I4em yields of the 

dual seascal lines rang& htwem 2 . 8  to 3.2 t/ha in w i n t e r  s w h g a n d  

between2.Oto2.6t /hainspringxlwing.  ' I h e b e s t d u d p l r p m e l i n e s  

were FLIP 84-47C, FLIP 84-92C and U P  84-182C yielding 3.2 ,  3 . 1  ard 

3 . 0  t/ha in winter, and 2 . 1 ,  2 . 6  and 2 . 4  tons in spring, respectively, 

over 2 years and 3 locatiow. 

8.2 .2 .3 .  lentil breeding 

In both snail and large seeded lent i l ,  the breeding program fccuse~ on 

high ard stable yield, early maturity, acaeptable seed qml i ty  ard 

mechanical harvesting d m n c t e r i s t i c s  (tall, erect, non-lodging types 

w i t h  god pod retention) . 

This season the rust epidemic, for a second year in a mw, 

affected seriously both l en t i l  pmdudion in M o r u c o  and research mrk 

a t  Sidi laid ard ~ O U &  Stations. ?he heavy l a t e  r a h  and the 

relatively high temperature contributed to the out-break of the lust 

epidemic, which prwided an excellent opportunity to screen the 

breeding lines several of which sh- high levels of resistana. 

Precoz (ILL 4605) and FLIP 86-16L (ILL, 6002) confirmed their resistance 

for a s8cord season. The former l ine  has been officially apprwed t o  

be released after performing very well during the l a s t  two seasons a t  

five locations (Table 8 . 2 . 1 4 )  . Beside being a high yielder ard rust 
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resistant, Precoz is 3-4 weeks earlier than the local cultivars and has 

large seed and desirable seed-t wlar. 'Lhe two selebions f m  

national gemplasm L24 and L66 were also officially released for their 

specific adaptation and gocd seed quality. I24 is w e l l  adaptea to hi@ 

elevatim areas &ile L 56 had a better general perfonmme. 

In the l en t i l  breeding program, 156 actvanced breeding lines m 

evaluated in 11 replicated yield trials: 3 naticnal (ENR-89, IMFS-89, 

ItWFG89), 4 advanad (IAWA-89, IAWE-89, IAkT-U, IAWU) ,  ane 

preliminary (LWT-89), one regional (LRYT-89) and two intemationd 

(LJYFS-89, LWFL-89). Ihe coefficient of variabil i ty values here 

very high (range 23.5-72.5%, average 39.3) due to the r u s t  epidemic. 

Ihe resistant or  tolerant lines gave m i d e z a b l y  better yields than 

the susceptible lccal cultivars (Nylon, U4, I66) which yielded 0 to 

0.46 t/ha canpared to Nst resistant lines yielding up to 1.78 t/ha. 

In admnced yield trial ( )  FLIP 86-16L confinred its nut 

resistant and yielded 0.98 t/ha which is more than 3 times the highest 

yielding local Nylon (0.28 tfha). In the previous season, the same 

line yielded 1.5 and 0.92 t/hd ampared t o  240 and 28 kg/ha for the 

local, respectively, at Merchouch and Sidi Laidi unler rust epidemic 

ard heavy infestation. In the national t r i a l  at b m  

locations, F U P  86-15L, FLIP 87-17L and l?IJP 87-22L Were a l ~ ,  rust 

resistant or tolerant and yielded between 311 t o  615 kg/ha to 

0 t o  244 kg for  the lccals (Table 8.2.15). Pdditional large and d l -  

seeded lines also - mistarroe o r  tolerance to rust ard outyielded 

the best local cultivars (Nylon, L24, I.66) by 2 to 4 times. S a w  of 



Table 8.2.15. Grain yield (w) of zust resistant lines in lentil 
national trial at twD laations .h 1 to 2 seascars in 
Morccm, 1989. 

FLIP 86-15L (ILL 6001) 
IZIP 87-17L (ILL 6209) 
FLIP 87-22L (ILL 6212) 
Precoz (ILL 4605) 
Localcheck 
specific local check 

Trial F h n  
rsD (5%) 
C.V. (%) 

1. Fmst was -red in 1989 at Mezdmu& using the 1 to 9 scale with a 
havirq no postules visible, 3 rademtely resistant, 5 average 
~eacticm, 7 mxlemtely susceptible and 9 highly suscqt-ible. 

the large seeded-selections perfonned very well in the 1987/88 season 

as well: FLIP 86-21L ard FUP 87-21L cutyielded the local (L56) by 48 

and 59%, mspedively, in the 1987/88 anrl 196 arri 136% i n  1988/89. In 

the anall-saeded l i n e s ,  three selections (L-65, LV~~OA, LV155A) f m  

the national collection cutyielded the local L24 by 4 to 7 times in the 

rust epidemic conditians of 1988/89 at Merdux&. Eawer, they 

yielded sligWly less than the local in 1987/88. 

Based on their perfonmnc?? wer years ard locations, FLCP 86-16L, 

FLtP 87-17L and FLIP 87-221, were to the pre-release 

catalogue trials next season due to their high yield, resistame to 

rust and good seed quality. Selections were also made in early- 

maturity screening m=zy LI~N-E where the ranked 16 and 36 at 



Memhou& and Sidi Iaidi, respctively. Seleded F4 pcpllatims wsre 

advanced for single plant selections. Smeenhg for Nst resistance 

was initiated in 1988/89 using 100 accessions of the lentil national 

collection. 

8.2.2.4. I l w f  

Ihe agronany resea& wrk during the 1988/89 season indLu3ed s t d i e s  

on Kpllation density, weed and orabanche control, need-for-rhizobiun 

incculum and &cal hazvesting. Ihe popllation density studies in 

faba bean confirmed earlier results that high density t h x q h  n a r r a ~  

inter-mw spacing (40 an) gave higher yields canplred to wider spacing 

(60 and 100 an). H m e v e r ,  the feasibility of sxh high density an3 

plant* pattern under farmers d t i o n s  will depend on weed control 

practices rollawed. 

In weed control studies at Daryet, yield losses due to weeds were 

50% in faba bean, 62% in winter chickpea and 37% in lentil. In lentil, 

pns-emqence applications of Bladex (0.5 kg a.i./ha) and ~~1 

(2.0 kg a.i./ha) plus Kerb (0.5 kg a.i./ha) yielded 1.53 and 1.59 yha, 

respectively, and were as effective as the weed f~ treatnkmt (1.55 

yha), In chickpa, pre-emeqence application of Igran (3.0 kg 

a.i./ha) plus K e r b  (0.5 kg a.i./ha) resulted in twice as much yield 

(1.85 t/ha) as the weedy check (0.99 t/ha) , but it yielded 40% less 

than the weed-free treatment (2.59 t/ha). Based on previous studies, 

Igran seerm to be m x e  effective in the &ern region (AMa-Chada 

areas) canprd to the northern areas. ltae min limitation of Igran is 

its inability to control late ccaning weds. With one interm 



cultivation later in the season, Igran may be very effective in an 

integated Feed control system. 

orobanche was controlled qletely in faba bean by three 

a~plicatims of gl-te (0.08 kg a.i./ha) at thc-wek intervals 

after flcwerw. The lrpst critical time for application was the 

tubercle stage of -e develwt. 'Ihe results will be verified 

at farnrers fields. Sceptor did mt give as good a control of 

Orobanche as the glyphosate treatment. 

In the need-for-inoculation studies on chickpa, the excessive 

mistme stress in kcerbr and January seriously affect4 cmp gmwth 

a .  nodule develqment. Howwer, the positive msponse of winter 

chickpea to inoculation in farmers field was m t  in the non- 

traditional production areas thr;xlgh higher biological yield anl 

greater nodule biams. ?he non-inoculated check had no noctules. 

8.2.2.5. Pathology 

?he 1988/89 season in ~~ had several disease epidemics: ascchyta 

blight in chi-, rust in lentil ard virus diseases (partidarly 

BIEN) in faba bean. Yield losses up to 100% were observed due to the 

first tm diseases. F?itholq w r k  in M o m c w  during the 1988/89 

season inclu3ed meening for disease resistance, disease surveys and 

shdies on variability in Asccchvta rabiei and chi- wilt. 

ScrePnirg for disease mskkuu?: Artificial disease screening work 

was  e x p d d  to include rust of lentil ard stem nmatdes of faba bean 



i n  addition to the screening for  gotrvtis m, @xchvb fabae and 

r u s t i n f a b a b e a n a n d &  a a n d w i l t i n c h i c k p d .  

In faba bean, inh&u&ion fmm I a F m  htIic+l shaJed -te 

 re^- to R40, 183108, PPL 710 and BPL 1179. 

Rre f i r s t  thu dm& similar mxth~ in the previaus seasan. Six 

l h  aR of 100 -ions of the rational faba bean collecticn shaRd 

high level of r e s m  to rust (1  rating in a 1 to 9 rating scale) : F 

269, F 294, F 327, F 334, F 348, and F 353. Several other lines Shared 

mdemte reaction to rust (3 rating scora). nu lines (15563-2, 

182014) in the FBIRN-%89 shoxel also a good level of resistance to 

zust. In ascochyta blight, d' was not satisfactorily 

unifonn, althcugh several lines seened to be resistant i n  the FBIAN-A- 

89. 

In chickpea, the 8. a paulotypes a t  &rchm& %search 

Static81 viere mrre virulent than those used for  a r t i f i c i a l  saenhg  a t  

E a r  Bauazzeh. The heavy late rains in March anl psril antribute3 t o  

the mifonnity of the disease developnent and cpportunity was taken at  

Medmd~ to screen a l l  tested lines for reshhnce. A total of 21 

lines drowed a high level of resistance with disease rating of 3 or 4 

c81 1 to 9 scale. These vllere IIC 72, ILC 195, ILC 202, FLIP 82-91C, 

F?JP 82-93C, F7XP 82-150C, F7XP 82-152C, FLTP 83-47C, FLIP 83-48C, 

R;IP 84-19C, FLIP 84-60C1 FLIP 84-72C, FLTP 84-8CC, FZJP 84-92C, FLIP 

84-93C1 FLIP 84-102C, FLIP 84-109C, FLIP 84-144C, FLIP 84-145C, FLIP 

84-182C, FUP 85-93C. 



The wilt disease developnent in the wilt-sick plot in Khemis 

Zenramra was not uniform since climatic carditions were not favorable 

for the disease develcpent. There is a need to hcrease the level of 

the jnoculum population in the soil to have uniform disease spread 

irrespective of clhtic dticms. However, three lines (ILC 851, 

IL13 904, IJX 911) in the regional INACFWN-89 &awed resistance to wilt 

under the prevailing conditions. 

In lentil, screening of 100 accessions fmn the national germplasm 

collection for resistance to rust urder artificial conditions revealed 

five highly resistant lines (L 215, L 255, L 234, L 275, L 277). These 

scored 1 in the 1 to 9 rating scale while 17 others scored 2 to 3. 

At Sidi Laidi, where rust epidemic develaped, the intxcductions from 

ICARDA ILL 5815, FLLP 86-15L (ILL 6001), FLLP 86-16L (ILL 6002), FLLP 

87-19L (ILL 6209), Precoz (ILL 4605) and Nablus (ILL 4606) s h d  a 

high level of resistance or tolerance. Thus FLLP 86-16 L ard Precoz 

confirmed their resistance to rust wer Ism sesons at Sidi Laidi. 

Under similar conditions at mxchouch ILL 6001, ILL 6002, IJX 6209, ILL 

6212 and hrecoz showed also high lwel of resistance in addition to LV 

265, LV 150A, LV155A, LV 151 and LV 236 from the national collection. 

Disease surveys: Diseased-samples of chickpea were collected f m  

IUnnisset-RcpMni, Settat-Chada ard in restrict& areas in AMa to 

study the variability in _A. rabiei in the 1989/90 season. Fusarium 

o m r u m  var cicera ard E. solani were found to be the causal 

organisms of chi- wilt in a survey restricted in Khemisset, Abda 

ami parts of Fes province. In a caprehersive survey on stem nematodes 



of faba bean, 142 so i l  and plant samples were collected and mtcdes 

were present in all the areas faba bean is gmwn inmnrro. Of 

all the  f ie lds  sampled, 60% were infest& with Ditvlenchus dirsaci. 

severe mtcde attacks was obemed i n  mmur (IQlemisset region), 

M a ,  Chaouia and Atda. In sane heavily infest& fields,  up to 21% 

of .the seeds prnduced were infestel with nemtcdes. Both the nolmal 

and the giant races were present, krt the l a t t e r  was dcaninant and it 

shaed in 69% of tbe infected sanples. 

8.2.2.6. -logy 

htanology studies covered the control of three insect pests: 

sp. and Bruchus in faba bean and leaf minor (-a 

cicerina) in chickpa. Pmwet (@25 m l  a.i./kg of seeds) as a seed 

dressing i n  faba bean gave almDst ccmplete control (99%) of SitcoY. spp. 

damage to  ncdules. This was reflected in a b u t  20% inclease in yield. 

Cark%uran (@l kg a.i./ha) a t  sowing and in mid February reduced 

damage up to 22 and 23%, respectively. Ib3csdfan (e0.7 kg a.i./ha) 

applied once a t  the beginning of pod formation i n  faba bean reduced 

b d d  damage by 45% but the damage was still high (26.9%), d even 

w i t h  5 applications of mdosulfan (fmm beginniq of fl-ing to grain 

maturity) the seed damage was further reduced only slightly (24.3%). 

In  screening chick-pea germplasm for tolerance t o  leaf mimr, five lines 

( m p  84-92c, ILC 5594, ILC 5600, 5655, IIC 5901) confirmed their 

resistaice/tolerance expressed in the previous season. ILC 5901 and 

FLIP 84-92C shawed relatively hiql-er level of resistance. The l a t e r  

l ine  has gccd agronomic characteristics and high level of resistance to 

Ascod-yta blight and thus was to the prerelease catalogue 

trial. 



8.2.2.7. *farm &sm&mticn of w i n t e r  ard the w o n  - 
?he danonstration of the w i n t e r  chi- package ms extended i n  the 

1988/89 season to 111 farmezs across Morocco. ?haqh clinntic 

d t i o n s  (early drought and l a t e  heavy rains) favcwed spring sowing 

and the developnent of AsaxAyta blight, the w i n t e r  crop, on the 

average, gave him yields (Table 8.2.16) . 'Ihe Ascc~hyta disease 

epidemic affected both winter a spring sum crops and the newly 

released line ILL: 482 was sericusly affected in Settat ard Fhemisset. 

However, ILC 195 showed a high level of resistance and yield levels up 

to 2.2 t/ha w e r e  achieved. 

Table 8.2.16. flmaMy of yield results (quhtals/ha) of w i n t e r  an3 
sprbq chidqxz~ in  on-farm demmstration plots in four 
p m v h  in  mrocoo during the 1988/89 season. 

hwirce No. of Yield e Averaae yield2 No. of fant6 
farmers1 winter z i n g  winter spring having m y t a  

blight 

Asfi 13 0-22 (15) 13.5 - 3 
Settat 4 11 0-12 0-16 8.0 11.6 10 
Khanissat 18 0-20 5-10 6.3 8.1 8 
Fes+xunate 10 4.4-20 2-11 10.1 7.4 7 

1. NLrmber of farmers interviewed growing winter chickpea in 1988/89. 
2. Farinem with harvest ccmpleted. 
3. Yield data not available f m  one fanwr a t  time of interview. 

Only one sprirg chickpea f m  with yield data inkviewed. 
4. Four f m  interviewed had M, harvest due t o  blight and two had 

not harvested a t  time of interview. 
5. TWO out of 18 farmsrs had no yield because of blight. 



After two years of demnstrating the w i n t e r  chickpea packages 

t h x q b u t  the -, an adoption study was comlucki in cooperation 

with the Farm Resown= Management Pmgram (m) of 1- and D W m  

ard INRA in MDmcco. The tcok into m i d e r a t i o n  the peroeptions 

of the Moroccan fa= to the adoption of the winter d-dckpea package, 

pmluction problem, and constraints to qmti  the new technolcqy. A 

total of 112 f m  were interviewed. Faur categories of farmers were 

h luaed:  I, adcpters; 11, farmers having 1988/89 demmtrations; 111, 

nowadopters (fa- who had dem3nstrations in the past) and IV, 

fanm=rs in the neighbourfiood of winter chickpea dsmxstmtians. The 

major problem enccmtereil in prcducing winter chi- in order of 

inportance were  the small seed size of cultivars released (ILC 195, ILC 

482), susceptibility to m y t a  blight, heayr weed infestation and 

marketing (Table 8.2.17). T h e  major constraints for the area 

under w i n t e r  chickpea, in older of inprtance were again the sinall Qeed 

size of available cultivars, the lack of information on the agroncnry of 

winter sawing, seed availability and mrketinq/prices (Table 8.2.17) . 
Ihe f i r s t  three problems are being resolved thruqh back-up research. 

Already three new w i n t e r  cvlti- with high l w e l  of resistme t o  

m y t a  and good seed size were remmmended for the pre-release 

catalogue trials. meSe lines are also in the pre-release 

nultiplication. For weed omtml, p- application of Iqnn 

(3 a )  w i l l  be extended in all  dezuDnstratims in the 1989/90 

sexxm. In  the previcus two years, Igran was incl- in the package 

with very few farmers. lb adopticol/iupact sttidy on w i n t e r  chickpea 

w i l l  be follmezl up as an important scurce of feed-back for backup 

reeaxh. MDre details are presented in the FENP report. 

lbmoan National Scientists, Dr. M. Solh and Dr. R. 'Rrtwiler. 



Table 8.2.17. S m m w q  of results cn the adoption stu3y of winter chickpa 
prcdwtion package in  tbruco, 1988/89. 

Pmblan/-int/ k6t Sare?&at Ieast Fkeqamy Weighted 
limiting factur sericus serious sericus m e n t i d  value 

A. Frublens enowltered in producbq w i n t e r  dckqeza (category I, 11, 111) 

W1 seed s ize  27 17 2 
Diseaseandpests 22 7 1 
Weds 11 1 8 
Market and prices 2 14 6 
Labor msts 4 1 1 
Uncertain yield 3 3 0 
Conflict w / c e r e a l s  1 2 1 
Need information 1 2 1 
Seed availability 1 1 0 
Need new equipnent 0 0 1 
No prcblem given 9 32 59 

B. OcPrstraints to area s a ~ n  to winter chickpa 

Small seed s ize  18 7 2 27 
Need information 16 8 0 24 
Seed availability 12 4 0 16 
Market ard prices 6 9 3 18 
labor oasts 7 3 0 10 
D i s e a s e s  arrl pests 4 4 1 9 
-1 id w/cereals 5 1 0 6 
Land availability 3 2 0 5 
Uncertain yield 1 1 1 3 
Weeds 0 1 1 2 
No problem given 9 41 73 

C. Faders limiting adoption of winter chi- (catqory I, 

More informtion 43 9 0 52 147 
Small seed s ize  14 11 1 26 65 
Seed availability 7 12 1 20 46 
Market ard prices 6 6 1 13 31 Di=see Pests 4 2 2 8 18 
Lard availability 2 3 0 5 12 
Labor costs 3 1 0 4 11 
Uncertain yield 1 1 1 3 6 
Conflict w/-1s 2 0 0 2 6 
Weeds 0 1 3 4 5 
No factors given 27 66 103 

Weigh- values computed w i t h  mbst seriaus or  limiting considered as "3" 
times, sanewfiat serious o r  limiting as "2" and least  serious or limiting as  
"1". 



8.2.3. Algeria/ICARW capendive project 

Ihe cooperation between ITCX: (Insti tut  Technigue des Grandes ~Xltures) 

of Algeria and ICaRDA continual dmhq the 1988/89 to focd 

l e g ~ r m e  xeieaxb and technolagy transfer t o  farwrs. I n  the project, 

Algerian ad ICaRDA scientists wrked wether a t  three levels of 

experimentation a t  Wilayet Sidi B e l  Abbes (SEA): Level I, bacl-up 

research: Level I1 and 111, on-fam verification and deKnstration of 

inportant research finiings, respectively. Work ca~ back-up 

which included both agro~ny and bredirq was also conducted a t  other 

research stations (Tiaret, Setif, Xhroub, Guelma and Oued Smar and 

Saida) . 

SBA station, i n  the m r t h d  represents semi-arid low rainfall 

areas, Tiare t  ard Setif represent semi-arid high pla-u amas ard 

Khmub and Guelm represent higher rainfall areas. C u r i n g  the 1988/89 

season, serious m t  characterized the seasons in Algeria 

particularly a t  SEA and Tiaret. Annual rainfall was 230, 273, 376, 403 

and 376 a t  SBA, T i a r e t ,  Setif, Khrnub ad GUeha, which repEsented 57, 

66, 80, 89 and 63% of the r q x c t i v e  mean annual precipitation of these 

stations in the same order. ?he distr iht ion of rainfall a t  Setif, 

Hrcub and Guelma were fairly good and thus better yield lwels were  

obtainad. H m e r ,  a t  Khrnub as i n  SBA and Tiaret misture stress was 

early in the SEISOII and very l i t t l e  rain was received in Nov.?inkm, 

C e c e n h r  ad January. Because of draqht, results a t  SBA and T i a r e t  

were mastly inCo~:lusive as reflected by the high coefficient of 

variability. B i o t i c  stresses, particularly foliar diseases, were 

genemlly not favoured this seasm because of draqht. However, mot  



diseases weze very camon in arxl lentil and sericus losses 

were i.nwrrd at SBA and Tiaret. In faba bean, sten neimtcde 

(pitvlenchus dirsaci) and spp. wme sericxls. At Khrarb where 

rainfall was relatively hi* in the secord half of the seaim, 

Ascochyta blight developed aff- nmt seriously the local olltivar 

Rabat 9. Heavy rJBed infestaticm affected yield seriously. 

8.2.3.1. =-up (Wel I) 

Back-up research in faba bean, cfiidcpa and lentil inclu-%d b w  

for high and stable yield mainly thraqh the evaluation of ICARIIA 

germplasm. National hybridization pmpmm in chickpa exists at hrth 

Ikmb and SBA. In the breeding pnxj-ram, artificial screening for 

diseases of e d c  inportam= had been initiated for the first time 

under field conditions. Work cm disease variability of m v t a  

e i  was strengthened. Agronanic studies were also caducted. 

Faba bean I-9: Luring the 1988/89 season, 129, 23 and 19 advanced 

faba b a n  breeding lines were yield tested in replicated trials, 

respectively, at SBA-a (51 largeseeded, 55 smllseeded and 23 

determinate), Xhroub (all la-) and C;uelma (15 largeseeded, 4 

snallseeded). These were tested in 4 national and 3 interrational 

trials (FBIYT-L, -S, -D.89). 'Ihree of these trials wem discardsd 

because of severe m t  effect. A total of 57 lines outyielded the 

cfieck amsidering all three locations (25 at SBA, 19 at Khrarb and 13 

at Guelnn)  and 20 lines did so significantly. Yield advantages ranged 

between 14 to 61% at Khroub and 31 to 54% at SBA4ksala. In large 

seeded lines, yields at Khrd~ (2.2 to 3.7 t/ha) were abxt 5 tims 



those at SBA (0.4 to 0.6 t/ha) due to the severe drcught at the seccold 

site. 74TA 2279s 4,  FIJP 82-30FB, FLIP 82-54FB and PAM I &ad high 

yield an5 wide adaptation at 2-3 locations over the last two seasom. 

Similar was the case w i t h  '%ins Blama' and 'New Mamoth'. In small 

seeded lines, FLIP 82-92FB, FLIP 82-88FBI FLIP 83-127FB and 76TA 56267 

shmed high yield Md wide adaptation. 

In observation nurseries, 58 F4 selected krlks (FBIF4N-89) and 28 

detemhate types (FBISN-D89) were evaluated for adaptation. Inspite 

of the serious drrught at SBA (231 m) yield levels of the best 16 F4 

selections ranged tetween 1 . 6  to 1.57 t/ha with a yield advantage of 45 

to 96% over the local Vgmdulce' (0.8 tm). nese lines were 

significantly (Po. 05) better yielders than 'Zquadulce' . 

chi- hmdirq Bredbq work on chickpa in Algeria foaxzes on 

hi@ yield w i t h  resistance to Asccchvta rabiei, wilt and adaptation to 

winter and spring w i n g .  rn -is is put on winter chickpea 

because of its considerable yield aciwwtqe over the traditional spring 

crop. 

In winter sawn chickpa, 260 advanced breeding lines were tested 

in international (CIYT-MR-W and q, -L, -Is, -SP), preliminary (CPYFA 

to D, and E) and nultilocation ( C W F I A  and B, -11) trials in 1 to 

5 locations. Several lines exceeded the local check at various 

locations: 173 lines at Rhmub, 71 lines at Tessala (SBA), 61 lines at 

Tiaret, 28 lines at Setif, 22 lines at Guelma and 8 lines at Zeidane 

(SBA). 'Zhe local cultivar Rabat 9 was mostly used as a check in 

Bastern Algeria (Setif, Rhmub, Gueh) while Sebdou was the che=k at 



SBA and 1113 3279 a t  Tiaret. Only a t  Xhrcub, Rabat 9 was seriaJsly 

affected (canpletely killed in most plots) by asxchyta blight. As of 

next seasan lines released for w i n t e r  swing should be used as  checks 

in w i n t e r  trials rather than the l d  spring d t i v a r s .  Oliclqza 

yield levels were very low a t  toth SBA and T i a r e t  t 9 a u s e  of m t ;  

and nrean yields of replicated trials ranged between 0.22 to 0.60 and 

0.23 to 0.82 t/ha in the tvD statims. Hmever, the maximm yields a t  

thse stations, 1.09 ard 1.29 t/ha, were obtained by IWP 85-16€ and 

M P  84-144C a t  SBA ard Tiaret,  respectively. Yields in eastern 

Algeria were nu& higher and yield of 3.5 t/ha was obtained by FTZP 

84-182C at Khrarb. 

mt i loca t ion  perf- of chickpea lines revealed lines w i t h  

w i d e  aaaptaticm iur3. hi* yield (Tables 8.2.18 and 8.2.19) . In CI!fl'-W- 

MR-89, yield ?an@ between 1.10 to 1.68 tm over 5 envimmmts 

inspite of Wt while Me local heck avemgd 0.62 t/ha giving a 

yield advantage of 77 to 158%. !&e best six lines are FLIP 84-79C, 

FLIP 84-80C, M P  84-92C, FL;Tp 84-98C and FLtP 84-99C ilnd FLIP 84-102C 

w i t h  yield ranging between 1.4 to 1 .5  t/ha over 8 e m i r o m  

omsidering both locaticm ard years. Al l  these lines shawed 

resistance to asad~yta blight %bile the first l ine also sh- 

resistance to w i l t  a t  m. Similarly in CIYFG89, yields of widely 

adapted lines Eaqe3 between 1.14 to 1.48 t/ha with yield advantages 

of 51 to 96% wer the mean of local checks. FLIP 84-196, U P  85-54c, 

FLIP 85-55C, FLIP 85-60C, FLIP 86-5C were the best lines with yields of 

1.3 to 1 .4  t/ha over 5 locations in 1988/89 inspite of the dry sea.?m. 

Mxt of these lines w r e  alx, tolerant to w i l t  a t  Guelma. 
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Ereliminary yield trials and nultilccation trials w i t h i n  the 

various provinces revealed lines having wide adaptation. Zhe 

additicanl lines, other than those mention& above, *ich shawed 

superior perfonmnce across locations included FLSP 83-47C, FI;LP 84- 

109'2, FLSP 84-149C, FLSP 84-182C, FLP 85-146C. 

Iartil Breedirg: -il breedirrJ. in Algeria emphasizes high yield, 

early maturity, aceptable seed quality and machanical hanrestirq 

traits. In bath large and small seeded lentil, a total of 149 advanoed 

breeding lines were yield tested aolsiderirq all the mseaxh stations 

of SBA (78 lines), Tiaret (44 l ines),  Setif (56 l ines) ,  Khmub (52 

lines), Ben Slimane (34 lines) and Guelma (23 lines). Zhese were 

tested in +am international t r i a l s  (LUPL, S ) ,  one national 

preliminruy tr ial  and 8 national mlti location t r i a l s  (1 st and 2nd 

year) a t  varicus stations. Zhe number of lines cutyielding the local 

checks (mostly the newly released Syrie 229) were 44, 18, 14, 9 am3 7 

a t  SEA, Tiaret, Khroub, Setif and Guehm, mspe&i~ely. Hawwer, only 

few lines did so significantly because of high C.V. due to drcught and 

w i l t  particularly in eastern Algeria (SEA and Tiaret) . A t  SEA station 

where soil is shallcw and calcareaus no grain yield was harvested in 

UYFL, LlTY-S, LISN-L, LEN-S and KEN+'. HQWWer, a t  the deep 

vextisols of Tessala pi lot  Fana in SEA, gxain yields up t o  3.26 t/ha 

were Wined in with an average yield of 2.20 t/?m hispite of 

druight (213 m) . Yields in westem Algeria were m d ~  higher rea- 

up to 4.5 t/ha a t  Guelrrra because of Me relatively higher and better 

distributed rainfall  (376 to  403 mn) . 



In the Inkmmtional Trials, miltilocation yield perfonmnce of 

laryeSeeaea lines inlicattxl that only 81s 38326 was widely adapted in 

-689 with an average yield of 1.77 t/ha over 4 locations with 

yields rang* between 0.28 to 4.20 t/ha at Geulma and T i a r e t  (Table 

8.2.20) . In the same trial, FL;Tp 87-5L ard FLIP 87-17L were high 

yielders and well adapted to eastern Algeria (Khroub and Gwlma) with a 

yield advantages of 3 to 63% over the newly released cultivar Syrie 

229. At Guelw, FLIP 87-16L a d  FLIP 87-17L prcduc& a record yield of 

4.6 t/ha carpared to Syrie 229 (4.2 t/ha) . At Rucub, FLIP 85-35L, 

FI;IP 87-5L an;l FLIP 87-16L gave significantly him yields (more than 

2.0 yha) than syrie 229 (1.4 t/ha) w i t h  yield advantages of 52 to 63%. 

'Iable 8.2.20. mltilaaticn yield perf- of large seedd lentil lines w i t h  
respea to the lccal rhekcs in the -ti& the yield trial 
m L - 9 0  at f a r  locdtias in Algeria, 1989/90. 

-w= A%lxa- - Setif Ti- - 
Yield % of Yield % of Yield Z of Yield % of Yleld ()ql/ha) 
)4c/ha-)4c/ha*)ql/ha-kqma- 

hial Mean 
(5%) 

C.V. (%) 
Annual Rainfall 

(inn) 

4259 101 
4197 100 
4375 104 
3531 84 
4362 104 
4000 95 
3831 91 
4312 103 
4487 107 
4562 108 
4572 109 
4206 100 
Syrie 229 

3950 
N.S. 
15.1 

376 

1653 119 
1565 1l3 
U62 91 

152 
U54 90 
U41 89 
1416 102 
221Q 163 
U75 92 

153 
1640 118 
1391 100 
Syrie 229 

709 68 
1040 100 
825 80 
811 78 
765 74 
916 88 
872 84 
799 76 
783 76 
844 81 
841 81 
1037 100 
L.B. Qrile 

825 
N.S. 
14.1 

376 

122 50 
277 113 
119 48 
U 8  52 
2 U  86 
323 131 
284 115 
211 86 
260 106 
163 66 
136 55 
246 100 
-1e 

207 
N.S. 
56.5 

273 

V a l u e s  wxkrlined are significantly higher than the laal M. 



In the snallseeded lentil, FLIP 84-29L, FLIP 84-105L, mp 8 5 - 1 5 ~  and 

FLIP 87-481, outyielded Syrie 229 (0.76 t/ha) by 3 to 12% a t  Setif. 

Ihe rmltilocation trial I1 ( I  a d  I1 a t  Setif) had superior lines 

axpard to the cimzlc only a t  Setif. Average yields were 2.1, 1.4 and 

0.2 t/ha a t  Khroub, Setif and T i m ,  respectively. A t  Setif, a l l  

lines tested were superior to Syrie 229 in contrast t o  their 

perforname a t  Khmub. In mltilocation t r i a l  I a t  Khrab, FLIP 86-16L, 

MP 87-17L, FLIP 87-20 and ILL 707 p e r f d  w e l l  yieldirq 2.41 to 

2.85 t/ha ccrrpared to 2.49 t/ha for Syrie 229. Based on its superior 

perfonrance wer seasons, FUP 86-20L is in the pre-release 

mltiplication a t  Khrab. 

'Ihe adaptation screening nurseries evaluated 264 lenti l  lines in 1 

to 4 locations. A nunker of these lines s h a d  good adaptation hi* 

yield, early maturity and gocd seed quality a t  various locations. A t  

SPA, 7 tall lines (78s 26052, FLIP 84-58L, FLIP 86-33L, FTJP 86-35L, 

M P  87-49L, FLIP 88-31L and FTJP 88-50L) in LEN* (C.V. = 18.9%) 

yielded 2.7 to 3.3 t/ha with a yield advantages of 11 t o  31% over the 

h p w e d  Syrie 229 (2.5 t/ha) . In Setif, the large seeded FLIP 88-12 

outyielded the check by 27% in LISN-L while the tall lines ILL 468, 

FUP 84-51L, FLIP 86-56L, FLIP 87-52L, FLIP 88-51L did the same by 27 

to 73%. Several lines were selected a t  Khrab for high yield, early 

mturity ard god seed quality. A l l  selections in adaptation nurseries 

w i l l  be yield tested in replicated trials next season. 

-: Agronanic research included Mes on date of s ~ w i n g ,  



seeding rate ard rod spacing, fertilization, N2-fixation, weed control 

ard harvest mechanization. l h s e  mes were mainly mrducted on the 

newly released chickpa and lentil cultivars. 

blaying wing beyond early January at T-t yield of 

ILC 3279 c h i w  by 75% anpared to mid February sawing an3 by mre 

than 300% canpared to mid March sawing (Table 8.2.21) . Seeding density 
of 30 plants/n? produced the highest yields canpared to 50 or 70 

plants/n? in the ~)ecember an3 ~anuary sawing. HU.EWX in sowing 

70 plants/n? gave higher yield. In a similar study at Setif on IIC 

3279 and Rabat 9, the namm?er spacing of 15 and 30 an were better 

yielding than 45 an with a yield advantage of at least 11% while 

i n - i n g  the plant density abave 50 plants/m2 had no effect. At 

Tiaret also delaying sawing after the first half of January also 

reducd yield significantly. In other locations in Algeria, bth 

winter sawing and M I T ~ ~  row spacing (wen up to 20 an at G u e h )  gave 

higher yield than the traditional spring sawing an3 wide rod spacing. 

At Guehm, the newly released lentil cultivar Syrie 229 yielded 2.68 

t/h at 20 an spacing with 80 lq/ha sealisq rate cplpared to 2.05, 

2.04 and 2.23 t/ha at 40 an rar spacing with 30, 50 and 80 kg/ha 

seeding rates, respectively. 

Studies on N2-fixation revealed striking results in chickpa and 

lentil at both Setif and Tiaret. In chickpa, the need-for-incculation 

trials (CIRI'-89 an3 c 1 m 9 )  krlicated that the m ~ l ~ e  to N 

fertilizations was up to 14 and 22% at the two locations. m t r ~ ~ ~ ~ i n g  

efficient chickpea lfiizabia strains increased yield by 33% at Setif 



(Strain no. 44 gave 2.03 t/ha cQlpared to 1.65 t/ha with control) an3 

by 21% at Tiaret (Strain No. 31 gave 0.53 t/ha conpared to 0.43 t/na 

for -1). At both locations, plants had no ncdulation in the m- 

M a t e d  treatru?nts while plants were mil Mdulated in the 

inrmlated treabmts. In lentil intem?ational phizobiun inocvlation 

trial (-89) at Ti&, N fertilizaticm mre than doubled the yield 

as ccmpared to zero-N treabmt ad m i n g  the efficient lentil 

Rhizobiun strains NOS. 719, 735 ad 758 increased yield by 44, 106 and 

63%, respectively. H a e v e r ,  at Setif the reqonse to N fertilization 

was only 9% in the m 8 9  trial and d y  Rhizobi~m No. 758 increased 

yield by 12%. 

Table 8.2.21. Effect of date of planting ad seeding dmsity on the 
chickpea II1: 3279 (newly released) in Tiaret in 
Algeria, 1988/89. 

m i  Mean 
Date of ~rrtingl 30 plte/d F w  
Dec. 13 
Jan. 12 
Feb. 13 
March 11 

1. Date of plant* - C.V. (%) = 9.6% - I S D  (5%) = 171 kg/ha 

2. Seedbg density - C.V. = 8.1% - LSD (5%) = 223 kg/ha 

Weed wntml trials were conducted in Sidi-Bel-Abbes (SBA), Setif 

and Kharoub. Zhe preemeqence application of Micide Igran (3.6 Jcg 



a.i./ha) and Kert, (0.5 kg a.i./ha) vas effective in winter chidpea. 

Igran is already a t t e d  for official registration as an effective 

hezbicide cn d-Ldpa in Algeria. In lentil at Setif, the pre- 

anergenm ~plication of Gesagard (pl~metryne) at 1.5 kg a.i./ha 

yield by 142% (fmn 0.38 t/ha with weedy check to 0.92 t/ha) 

while the weed free (nranual %eedhq) treatment yielded 0.81 t/ha. 

Other treabmts as effective as m m d  rJeeding were: pre-meqence 

&loran (1.5 kg a.i./ha) plus Kezt, (0.5 kg a.i./ha), pz&emeq- 

Aretit (1.0 kg a.i./ha) plus Fusilade (0.5 kg a.i./ha), and pre- 

enk=rgexe Bladex (0.5 kg a.i./ha). ?he renrlts on lentil need to be 

confirmed one mre season. 

Pathlcqy: ?he wrk in patholq dur- the 1988/89 in Algeria 

inclrded assessnent of the disease situation, s c m d n g  for disease 

resistanm, and studies on the pathogen variability of m v t a  

e. An achiwenent in patholcgy this season was the develapnent of 

field screening method for r e s w  to _A. thrcllgh artificial 

inoculation at SEA. %renirq for resistance was done earlier under 

corrtrolled conditions and on a mall scale. 

The disease survey in Algeria (- and Tiaret) 

in April 22-29, 1989 shawed that wilt/ruit rot, neamtcdes and pham 

blight were major pmblm. Based on the chickpea a d  lentil diseased 

plant samples mllectej. in varicas regions Dr. k u z ~ d  (IN+) reported 

the follming diseases and their frequency: 



Qlickpea 45% 
Lentil 100% 

Mckpea 45% 
ILt 3279 
Qli- 3 5% 

Ientil 40% 
Lentil 90% 

Qlickpea 
ILL 3279 20% 

The comrPn causal oqanhns for w i l t  and rwt rot were Fusarium 

c&ysfmrium f.sp. e i  and E. solani amd the damage was more than 75% 

in certain fields of chi- and lentil. The other serious disease on 

chickpea was ph- blight FhcaM Fedicaainis). A. e i  was &served 

in winter sawn &im at  Xhroub Resear& Station and on ILC 482 in 

see3 nultiplication fields i n  Hattab Parm (at  serious level) and a t  

fanners field (lm infestation level). Nematcdes were ccmrmon on faba 

bean and chickpa. Both &em (DitvlMchus dimaci) and mot lesion 

nemato3es ( m t v l a  spp.) were present. In chickpea, mot lesion 

nwatcde (pratvlenchus spp.) was also cannon while root knot nematcde 

(Medloidcnvne spp. ) was found in one field near Tiaret.  EKFW virus was 

seri- in one area (Ain Fekan) on the way t o  Tiaret with about 50% 

infestation in certain fields. 

Screening for resistance to local isolates of @axbta rabiei 



under field conlitions was suooessful for the first t h  at SBA due to 

sprinkler irrigation used to m t e  favorable canlitions for disease 

spread. ?he susceptible spreader rmm (ILC 263) were ampletely killed 

(scored 9) Umaghak the nurseries. Material screened for resistance 

in=lMed CIABN-A, ascochyta disease screening nursery ( A E N ) ,  and Fa 

mrrsery. Screening urder laboratory controlled conlitians included the 

ACGN and selected lines to evaluate disease virulence of four isolates. 

m --A, 16 lines s h a d  high lwel of resistance (1 to 4 score in 

two replications). %ese included: 

ILC 72* ILL: 4421 FLIP 83-47C* FLIP 84-9201 

IL(3 2506 ILC 5913 FLIP 83-97C FILP 84-9301 

ILC 2956 ILC 6840 FLIP 84-79C FLTP 84-137C 

ILC 3868 FLIP 82-15CO FLIP 84-80C* FLIP 85-94C 

Lines with an asterisk shawed also good level of resistance to 

=yta blight in M o m  ard Tunisia. Other lines with fairly gocd 

lwel of resistance (average 3.5 score or less in two replications) 

Were: ILC 200, ILL: 202, ILC 5889, ILC 5894, ILC 6090, KIP 83-46C, 

FLIP 83-48C, FLIP 84-83C, FLIP 84-91C, FLIP 84-133C, and ??LIP 84-182C. 

In the NSN 3 lines, FLIP 83-49C, FLIP 83-97c and FLIP 83-9812, 

were resistant under both field and laboratory coniitions. Under lab 

conditions, the most virulent isolates were used while a mixture of 

isolates was used under field conditions. 



S c m m i t q  for w i l t  resistance was carried out a t  Guelma and SBA in 

the d i n  sick plots. Lines which showd resistance a t  one or two 

locations (underlined) wxe: IIC 873, IIC 4090, m p  850-~OC, FLCP 85- 

29C, FLCP 85-33C, and FLIP 85-332, in ARFW (hhli) and ILC 857, ILC 

860, ILC 911, ILC 4090, FLIP 82-78C, FLCP 84-32C, FLIP 84-88C, and FLIP 

84-97C in INACFW. ICRIWN (mi) was also evaluated. Since the 

susceptible check 102 4951 (JG-62) was resistant to w i l t  a t  both cXlelma 

and SBA, the prevailing race or races in SBA and Guelma are different 

than races 1-4. JG-62 is k w m  to he h i m y  resistant to mce 0 which 

prwails in Spain thus race 0 may also be present a t  Guelma and SEA. 

After 2 to 3 cycles of screening for resistance to w i l t  a t  Guelma, 

the f o l l m ~  lines confirmed the i r  resistance and hi* yield in large 

plots: ILC 195, 1~13 3279 (some synptcans of vezy late w i l t i r g  were 

apparent), FLIP 84-79C, FLIP 85-17C, FLIP 85-532 and FUP 85-56. In 

the sam area, both ILC 482 and the local Rabat 9 wxe corrpletely 

killed. 

Work on disease variabil i ty continued a t  INA and the virulence of 

the f a x  isolates Tessala, Tizi (Xlzou (T.O.), A h  TemodEnt 16/14 

(A.T.) and Sig were tested on several lines al- )nwrwn for their 

high level of resistance. Differential reaction was sham by ~ a r i a ~ s  

genoOlpes to  different isolates (Table 8.2.22) ard the Tessala isolate 

was confirued as being the m t  virulent fo1lu.d. by T.O., A.T. and 

Sig. FLIP 83-97C confirmed its resistance to all 4 isolates while FLIP 

83-49C and FLIP 84-109C were resistant to 3 and tolerant t o  the f b .  



Ehtamlogy: Wing the regional travelling workshop in late April, 

several insed pests were noticed to be causing damage on faba bean, 

chi- and lentil. In faba bean, the mDst serious insect was the 

Sitona spp. damaging ncdules, the dannge reaching up to 100%. Black 

w d s  were sericus in few faba bean fields while Fhvtvtoncmius spp. 

(colcqtem) was serious on new vegetative gmwth and unfolded 

terminal buds in Beni Hamidan-Khmub area. In spring chickpea, 

leafminer (-a spp.) was very ammn reaching serious level in 

few fields. In lentil, the mmt striking insect dame was caused by 

clltwonrs (both excavates and Parotis spp.) ~ c h  wiped out 

90% of the seed nultiplication field in Hattab Pilot Farm. 

Considerable damage by the cutworn was also obsewed in Z W i a  Farm 

on yield trials, nurseries and lentil mechanization v i m e n t s .  

Bruchids viem the nest serious storage pest in all food legumes, 

particularly in lentil. Screening chickpea lines for 

resistanoe/toleranz to leaf m i n e r  revealed one resistant (ILL 394) ard 

5 tol-t lines (ILC 655, ILC 1003, ILC 5614, ILC 5615, ILC 5648). 

8.2.3.2. (XI-fam Verificatim Rials (Level 11) 

On-farm trials were colrludad on varietal perfomaxe and chemical weed 

omtml at three sites representing the different agroclimatic zones in 

Wilayet Sidi-Bel- Abbes (SEA) : Zone I (-la Pilot Farm), Zone 11 

(SBA Station) and Zone I11 (Zeidane Farm). Rainfall is the hiqhest in 

zone I. 



Table 8.2.22. Differential -&ion of chickpea lines to four isolates 
of Asoxhvta rabiei in Algeria, 1988/89. 

Isalates 
mm Tessala Tizi W o u  A i n  Sig 

T.O. (A.T. 161/14) 

ILC 190 S S (R) S 
ILC 195 S S S  S  
IIC 202 T T T T 
IIC 263 S  S  S  S  
IIC 482 S  S  (R) S  
IIC 3279 S  T (R) (R) 
FIJF' 81-293C S  (R) S 
FI;LP 83-49C 

(R) 
(R) (R) (R) (R) 

FI;LP 83-97C (R) (R) (R) (R) 
FUP 83-98C T S  (R) S 
FLIP 84-19C RorT T S  T 
FLIP 84-32C S  S  S S  
FLIP 84-53~ s R or T (R) SOTT 
FLIP 85-55C S  T S  (R) 
FLIP 84-109C (R) (R) T (R) 
FUP 84-144 S  S  S S 
FL;IP 84-145(: S S S  T or S 
IIC 72 X IIC 897 R or T (R) S 
ILC 201 X ILC 3279 S  T S  T 

(R) 

X 7 m  101.1 
ILC 523 X ILC 183 (R) T (R) S  
X 7 m  101.2 
ILC 523 X ILC 183 S o r T  T T T  
ILC 630 X ILC 200 S  S S S  

R = Resistant T = Tolerant S  = Susceptible 
Reactions in parerrVteses are confirmed. 

In the mltilocation chickpx~ trial (2nd year), a rnrmber of lines 

shawed fairly acoeptable p=rEommm considering dmqht ark their 

resistance to Asaxhyta blight. Yield advantages ranged between 18 and 

42% over the newly released spring cultivar S d x u .  Hcwever, none 

atyielded the newly released winter cultivar ILC 482 but sane lines 

had higher level of resistance to Asaxhyh blight. For exduple, lines 



Xi'm 101.1 and X7YIn 101.2 were respectively resistant or tolerant to 

the mst virulent three isolates a l e  ILC 482 was resistant only to 

c m  isolate. Thus, these two lines kald be nultiplied to be tested in 

larger plats. In the verification trials, ILC 190 w a s  aXIprd with 

the newly released IIC 482 and IIC 3279 and it yielded 43 an3 143% rmre 

than the W dtivars, respectively, wer tm locatiom. 

In lentil, the nultilocation trial for a semnl sasm had lines 

ccmparable with the newly released Syrie 229. Eht. 21 ( u n k m  FLIP 

peaigree) and 76s 26004 Outyielded Syrie 229 wer 4 envimmmts 

although the yield advantage was snall. ?he lentil verificaticm trials 

at 5 sites were affeded by drcught. ?he coefficient of variability 

(C.V.) was 33.5% and resul ts  were incanclusive althugh all tested 

lines, (NEL 468, ILZ, 4400 aml Balkan 755) had capamble perfomaxe 

with the newly released Syrie 229. 

Pre-emergence a~;plication of Igran (2.5 kg a.i./ha) ard K e r b  (0.5 

)ag/ha) hxesd the yield of lentil more than five times ccPnpared to 

the weedy check (699 kg/ha) in the verification trials. HQwwer, the 

hard weeded treatment produced 22% more yield than the Igran plus Kerf, 

treatment. 

8.2.3.3. -farm -cn of iqorkmt reseamh fm (Level 

m) 
Wmnstmtion plots rn laid cut on farmers fields in various 

agroclimatic zones in Wilayet Sidi-Bel-Abbes to transfer to farmers 

inproved prcduction packages in both hi* and lentil. 



We chickpea inproved package included new varieties (IIC 482 and 

IIC 3279 for winter sowing, sebdou for spring sowing), date of sowing 

(winter and spring), -01% fertilization (60 kg 20@m) and 

Meal w e d  coartrol (1- 3 lag a.i./ha). Of the six sites planted, 

grain yield was reported fmn 4 sites in winter chickpea and 3 sites in 

spring chickpea. Inspite of the seriuis drmght, emnaaic yields were 

cbtaind by both packages (Table 8.2.23) . -, the 

yield advantage of winter wer spring saving was only 71% caapared to 3 

to 4 folds advantage in the last season. Capr ing  yields mined in 

aemnstration packages and those reported by the seed d i s k W o n  

centers ( b a d  on farmers yield) in Wilayet Sidi-Eel--, the 

inprwed pmkction packages a t  least 6 to 7 times mre 

prcductive. 

Table 8.2.23. Yield performmx ( k g p )  of inproved winter arrl spring 
chickpea cultivars and cultual practices in 
dmmstration plots i n  Wilayet Sidi-Ekl-Abbes, Algeria, 
1988/89. 

Tessala Tdxuar Bmbarka Zeidane Alfrid Mean 

winter 
IIC 482 1430 370 2050 - 910 119 
IU! 3279 1250 - 860 - - 109 

a&z 
SeMcu 1130 930 1460 1090 - 1050 
Local 

( M o m  -I 1100 890 - 600 - 860 

Rainfall in Sidi-Eel-Abbes was 213 t o  231 nun in Zones I and 11, 
respectively. 



The hpmved production package in lentil involved the newly 

released dtivars (Syrie 229, Balkan 755 and ILL 4400), early sawing, 

narmw mw spacing ( d y  in Syrie 229), chemical control (Igran 

2.5  a . i .  la;C/ha) ard oaabine harvesting. Yields were generally lw and 

uneancmical ( l e s s  tban 200 )oZ/ha) due to m t ,  wilt and wed 

infestation. Hc*lrwer, Syrie 229 s a ~ n  at differw-k raw spacirqs gave 

fairly gocd yields.  The 13 an inter-- spacing gave 45% more yield 

than 26 an spacing auuss f a r  locaticns thmqh better w e d  control. 

Algerian Naticml Program ard Dr. M. Solh. 



mpnpoSe of training is to develop or enhance the technical 

capabilities of NAIE; scientists and their sKport staff. I t  also aims 

at ~~ and assist in  transfer of technologies. 

Table 9.1.1. aarmarizes the activities urdertaken by m P  during 1989 

towetthBakwecbjectives. ' I h i s w a s d o m i n s a n e c a s e s i n  

collaboration with the NARS's and other ICARIYL prupans. A total of 

154 participMts received training in the inpmvement of lentil, Kabuli 

chidpea, a d  faba bean. 

9.1. Csrrup Trainirg 

Details of grcup training are sunaarised in Table 9.1.2. 

9.1.1. Pooa kqme mi&ntbl oanse, 1 - Jums 30 

The annual long term residential aurse was attended by 18 

participants fmm 12 cumtries. 'Ihe aurse covered general aspects of 

i n p r u v e  of food legumes with -is on develop- practical 

skills. IstndAon in the field, laboratory or plastichouse was 

given by a miltidisciplinary team of legume scientists. The trainees 

were also expcsed to system a~proaches in crop inP,mvemet research. 

Irdividualized attention was given to cover arnplexmtary topics such 

as experbentdl planning, ccmplter and manual analysis of data, data 

Mxqxetdtion, and report writing. 

9.1.2. Ientil harvest -tian 

'Ihe far& Lentil Hanes t  Mechanization Cmrse was held fran 14-24 May, 



Table 9.1.1. Sum~lry of t raining oa.uses in 1989. 

No. of No. of countries 
participants represented 

t Aleax, 
1. - 
1.1. Residential 18 
1.2. Insect control 12 
1.3. Disease methcdolcgies 9 
1.4. lentil mest kkhanization 6 
1.5. ~sgunre moculant ~miwtion 10 

-- 
2.2. Ag-Lnmy 
2.3. Ih'bmlogy 
2.4. Pathology 
2.5. Dial mrqenent 
2.6. Nemtology 
2.7. Quality 
2.8. Mecharuzation 
2.9 Breeding 

3. 
3.1. Ehtamlcgy 
3.2. C r q  Physiology 
3.3. Orobanche 

4. v- 
4.1. Biological N~-M Fixation 

Hybridization lk&iques (Pakistan) 
2. Hybridization lb&daues (Mor0cc;p) 
4. Fbod ~egume seed &logy (m-) 
5. Hybridization lb&dques (Egypt )  

1989, with furding f m  the Internatioml Develqment Research Center 

( I E )  , Ottawa, QMda and co-qmsarship with General Organization for 

lqricultural Machirmq (GQAM) , Syria. Six trainees froan Jordan and 

Syria attmdd the cause. ?hree of the participants mechanical 

engineers, one breeder and two trainers in the national prqmus. 



Table 9.1.2. Participation in  group training in the Fccd Iegune I q m e m e n t  
Program, 1989. 

Typ2 of training SbRdule Cumtries represent& No. of 
participants 

Residentid 
Fc& legume inpmenmt 1/3-30/6 Algeria, Qlh, Egypt 18 

*, -, Turkey 
Syria, EUuopla, Iran 
Fix  Yemen, smalia, 
Yemen Arab. - 

IIlsect mtml 16/4-29/4 Syria, Ethiopia, Turkey, 12 
Iran, Tunisia, M o m ,  
-, Egypt, -. 

Lentil harvest mechanization 14/5-24/5 Syria, Jordan 6 

I.eqme M a r k  p-im 20/3-30/3 Sudan, Ethiopia, Egypt 10 
Syria, tunisia, Cyprus, 
Algeria. 

Disease methcdologies 2/4-20/4 Feru, Tudsia, Syria, 9 
Ethiopia, Egypt, Sudan, 
Yanen AR, M o m  

S h e  mur;es - 1- 
Breeding methodologies & 15/3-21/3 Pakistan 

Hybridization techniques- 12/3-22/3 Egypt, flrlan, Ethiapia 12 
EsYPt 

Eybridization techniques- 12/3-17/3 MOmcc0 
Morooco 

Food leJum2 seed 
technolq-Morocm 

27/3-7/4 ~o-, Algeria, 19 
'nlnisia 

Unlike the previcus cjlrses, this course was held at Ale~po as well as 

Kamishly, which developed recently in a rmjor lentil producing area in 

Syria. (GOAM, for ewmple harv- 2400 ha of fanwrs' lentils by 

swathe-rimer and a further 600 ha by direct ambining in the Kamishly 

area in the 1988 seasm). 



'Ihe sy1lah.s mered berth the theory a d  practioe of lentil 

harvest medzanization. ?his was done in an intqrated approach to 

caver b m ,  agromny, ezmmics, and farm machinery. Disolssion 

f- on guiding the trainees to tackle lentil harvest md-mnization 

prcblem in an integnted manner and on ways to transfer the available 

technologies, thnxgh on-farm trial research, to farmers. Evaluation 

of the ccurse rwealed the need to ccP-duct the axlrse in other NWA 

axmtries. Jordan will have the first of the series of in-camtzy 

aurses in lentil harvest mechanization during 1990. 

9.1.3. rmhol 

Focd legume aqs are attacked by many insect pests wfiich result in 

sizable yield reductions and pmt harvest losses. The same applies 

for cereal crops, as well. Realising the need of NARS's for 

strengMening the reseacb skills in this field, the EUP and Cereals 

Pmgram am3ucted a joint training aurse on "Insect Bntrol in Focd 

Lsgumes and Cereals" during April 16-29, 1989 at Aleppo. The course 

was atterrled by 12 participants fmn 9 -ties (Syria, Ethiopia, 

Turkey, Iran, Tunisia, Morocco, Sudan, Egypt, anct L&amn). ?he course 

covered topics such as sapling and identification of insects and 

dtoring of insect popllations, screening for host plant resistance, 

use of pesticides, collection of insects, and application of biolcgical 

amtrul. Wretical backgrcmd was given in the general areas of 

insect ccmtrol with a fccus on asesamt of i n i d z  infestation and 

damage. 'Ihe cause will wntinue to be offered in the future with 

increased time allaated for practical skills such as plannlng of 

experinwts and use of advanced techniques. 



9.1.4. Disease -1- 

A l4Foad kgme Disease Methodologies" cause was conducted d u d g  April 

2-20, 1989 at Ale~po in which 9 trainees fmn 8 cumtries participated. 

Intqmted control of diseases in faba bean, lentil, chickpa was the 

main thane of the cause. ?he ccurse content included identification 

of major diseases; pmpagation of pathagens for artificial inoailation 

in the fields; use of disease scales; and use of mtd control 

methods. lhis alluded a review of amnun disease rating scales, and 

nunitoring prooedures which are a pre-requisite for effective 

networking. Ccmparison of disease problem across the region was done 

by the participants. 

9.1.5. Isgume h t X h n t  p o c k t i ~ n  

In mny locatians in significant increase in yield can be 

obtained by inoculating legumes with selected strains of rtrizobia. It 

is therefore necessaq that local capability for the produdion of 

dzobia inoculant be developed. lb achieve this objective FLIP 

omlwhd the I1Lq.rae Inozulant Pnx3u&ion*' - during M~I& 20-30, 

1989, at Aleppo. 'Ihe oxme was sqported financially by the I E .  It 

was attended by 10 participants of high academic backgrand (B.Sc. to 

P~.D.)  wrking in BNF researrh in their mtries. 'Ihe level of 

participants allawed the caurse organizers to offer advanced technology 

in legume inoculant prduction to cuver follawing topics: culture 

mdia, systenrs of scxwmhg and culturhd~ Rhizobiwm qp., selection and 

pmcessirlg of carrier materials: preparatim, pramssing and packaging 

of 1- inoarlant, inoculant pmdwtion facilities and wquipmt, 

quality control, and proper application of immlant to legume seeds. 



9.1.6. Iwcamtrf caasg 
. . 

9.1.6.1. Hybzduatian h-amnby - in Qpt, 

Bbmax, and Pakistan. 

NAF5's have sham shawed increasirq interest in initiating their own 

gentplasm ehaxemmt program as part of their food legume h p m e n w t  

research. F'LZP to the request of NAPS'S for impmving the 

crossing skills of technicians in their prograns by conducting a series 

of in-aamtry axlrses on the subject. Curses were held in Egypt, 

MDmcw and Pakistan during 1989. 

The Fooa Legume Hybridization TeAniques course held in Egypt was 

fundea by the N i l e  Valley Regional Program and -red by the 

Iqriarltural Research Center (ARC), Egypt. We course was held at Giza 

and Sakha research stations an3 was attenled by 12 Wicipants f m  

Egypt, Sudan, and Ethiopia. ?he major responsibility of training was 

taken by the f d  legume scientists of ARC, 3Qypt and ICARW only 

played a catalytic role. 

A similar axuse, held in M o m  during March 12-17, was 

attended by 11 tzainees fmm Morccco. Assistarcs was given in the 

instructions by the ICAEUi Food Legume Breeder in north Africa and a 

faba bean resax% assistant fmm Al-. me perfonmrce of trainees 

was evaluated based on the sucxessful crcesing of specified n m b r  of 

fl- per day. ?he cutcane mtched the level anticipated by the 

course organizers. 

The third curse in this series was held in Islamabad, Pakistan, 

during 15-21 March. 17 technicians f m  all p m h  of Pakistan 



attendedthecauseandthePakistanIbreedersjoinedinccnauctingthe 

cause. 'RE well equipxl training institute at N?sRC facilitated the 

axdwt of the cause. As in lbruxn evaluation, based on p e r f o m  

objective, was ondnztd. -reciation awards were given to the 3 

highest ranking participants in view of the m k b m i i q  p e r f o m .  

9.1.6.2. m* training 

As part of the in-awntry canse in Pakistan the last day was used as a 

w o r m  on breeding strategies in Pakistan. Representatives of 

various pmvhcs, NARC, seed institute, and NIAB presented papers 

which were  d i m .  M a q m e r  develqment in breeding was presented 

with a f- on follm-up as-. The discassion led to the 

recolmnendations for future strategies and wllabomticsl among 

Pakistani institutes and ICARYi. Ihe proceedings of the hurkshcp will 

be edited by the course ozganizerx? and plblished. 

9.1.6.3. Seed tahmloqy 

'RE objective of the ccurse was to strerrgthen in seed 

technology in the north African countries, where availability of 

quality seed is a bottleneck in fad legume pmduction. 'RE cause was 

jointly mxlucted by INRA (Morocco), Seed Ftukction Project, and FLJP. 

It was attenled by 19 participants fran ~ m c c o ,  Algeria, and 'llm.iSi.3. 

It mered aspects of ma- breeding, varietal description, and 

seed pmdudion, quality control, pruxssing, storitge, and marketby. 

lhstrwtion was given by ICARW scientists, consultants fran INRA Seed 

lkting Station in Faris, and Xmcan scientists and the medium of 

instruction was mainly French. 



9.2. lidividual Nm-%pee hainirq 

As per the request of NARS's tra- on individual basis was offered 

in FLIP for 36 participarrts f m  8 aamtries. Skills covered and 

camtries representd are given in Table 9.1.3. 'Ihe syllabi were 

tailored to met the need exp- by NARS,'s and the academic 

backqcwd and the p e r f o m  djeztives of the participants. 

Table 9.1.3. Participation in the irriividual training, 1989. 

No. of -tries 
participants 

Biological nitrogen fixation 
Pqrcolany & cmp Plysiology 
InSezt cantrol 
Trial mnagamnt 

5.  0nbanche 
6.  Nematology 
7.  Wity 
8. 

9. Virology 

1 mLKcc0 
5 Sudan, Ethiopia 
2 Syria, Moruxo 
7 Syria, nmisia 
2 mLKcc0 
1 mLKcc0 
1 slidan 
14 Syria, m m ,  Ethicpia 

Yemen AR, Tunisia, Jordan 
3 Sudan, m m ,  Feru 

9.3. e t e  lbesearch n ' ' j 

As part of the Graduate Research Training Frcqram (GKl'P), funded by 

the Ford Foundation an3. other donors, 3 graduate SMents joined FLIP 

during 1989. 'Ihesis research titles are shmm in Table 9.1.4. 'Ihe 

total ntrmber of the graduate sMents in FLJP during 1989 was 9. Four 

of the shdcmts fran the list of 1988 were awarded degree ard 7 are 

writ- their thesis at their universities. 



m.  assa an mawad, fran M(C-Egypt, joined mSP as a visiting r e g i d  

scientist during the 1988/89 cx@ing season for a period of 10 xmths 

and worked cm BNF in collaboration with FLIP senior microbiologist. 

His major reear& was on collection, purification, evaluation and 

amservaticm of different strains of J(hiz0bium for lentil in Turkey, 

Syria, Jordan and Egypt. In addition, Dr. Moawad participated in the 

conduct of the imcvlant pzpduction training course and p-ted 

Table 9.1.4. Participation in graduate research training, 1989. 

Nane E q m e  University C w n t r y  'Ihesis 

Recristered in 1989 
Fatima Ahmd Wtafa M.Sc. Gezira Sudan Heat stress in 

Fhysiolcgy focd legumes 

Christiane Scheikel M.Sc. Hohenheim ~ermany Biological Control 
Orcd3anche of Orobanche by brgi 

Ahu& S a d  Fh.D. Ilamascus Syria Studies on- 
htamlogy aspects of intqrated 

amtrol for Heliothis 
spp on chi- in 
Scruthem Syria 

Recristration wntinuim from 1988 
QLada Hanti MSC. AleppO Syria - 
Stefan Schlingloff Fh. D. Giesen Germany 

Win Weber 
- 
R.D. Hohenheim Germany 
mm 

Bashir Ahmd Malik Fh.D. Quaid Azam Pakistan 
Breeding 

Mohamed El-Bashir M.Sc. Kharbm Sudan 
hop Ph~siolcq - mq Fh.D. Am7 ab Pakistan 

-ins 



9.5.1. c h i d p a  in the N W e s  

ICARW an3 ICRISAT jointly oqanized the olickpa in the Nineties 

Workshcp a t  the ICFUSAT Center, lndia from 4-8 December 1989. Major 

cbjectives were t o  smmimize the -t findin3s of research on 

different aspects of chickpea producticsl 4 util ization and to develop 

collaborative research proposals an cckstraints progress. 

!Ibis mr- was attended by wer 100 participants, including 8 fm 

ICSRM and 12 frun the ICARW region. w i l l  be jointly 

prblished . 

9.5.2. catsultany meeting on for  Disease =Lshxx. in 

m h l i  &&pea 

A axs-ultancy meeting on breeding for disease resistance in chidpza 

was jointly organized by ICRIW and ICARW a t  ICARW, Aleppo, Syria 

fmm 6 to 8 March 1989. The cbjectives of the mrkshop were t o  review 

the past resear3 and formulate Mure strategies. It w a s  attended by 

25  spec i a l i s t s .  Sixteen major presentations were made. 

Femmmdaticns were made for future b r e d k g  straw and disease 

Control. Proceedings w i l l  be published soon. 

9.5.3. West Asian s d m r  m food 1 q . m ~ ~  

'Ihe Secord Faod Iegume West Asian Travelling seminar was organized 

jointly with the Ministry of PgricultU-re and Forestry, Turkey f m  21- 

27 May 1989. Zhe cbjectives of the seminar were t o  review the past 

season's work in West Asian countries and 1- and to see the on- 



going research prujects i n  Turkey. Twaty scientists f m  Iraq, 

Jordan, Turkey, and ICARoA participated in the seminar. ?he program 

started a t  Scxth Eastern Regional Bsearch Institute, Di-, 

Turhy f i r s t  by visiting the experiment station and then by making 

presentation of the mseaxd~ f h d h g s  by the scientists. The gmup 

t ravel ld  to Aegean Institute, Izmir and on the way saw a few 

experiment statiorrs and fanrers' fields. A t  Innir, experiments were 

Shawn to the delegates in the forenoon and p m t a t i c n s   we^ made by 

the scientists i n  the aftenmn. Since the entire gmup stayed 

tcgether for five days, there were  gccd discxssion amcolg them. The 

grcup decided to hold the third worm in Jordan. 

9.5.4. International qqc&um m Bean Pmdwtirn am3 

npwcmmt in &inam 

~s part of the agreement concluded between the Chinese Academy for 

Agricultural Sciences (CAPS) and ICARDA, a symposium on Faba BBan 

prduction and I n p r u v d  was held a t  Hangzhou, olina 24-26 May. 

-tely 25 scientists f m  UmxghaA olina, as w e l l  as senior 

mpresmtatives of the CAAS, the Zhe i jhq  &mission of Science and 

Technology and the Zheijiang Academy of Agricultural Sciences 

participated. ?he entire range of faba bean resarch was -ted and 

discwsed a t  the symposium. As this was the f i r s t  such meeting to 

bring together Chinese faba bean scientists f m  a?xurd the anmtry, it 

provided an excellent opportunity to review the axrent status of 

production and resear&, and also to develcp a strategy for future 

research activities. ?he ccastructive and discussions w i l l  

foster the developnent of closer collaboration and exchange of 



germplasm mterial between olinese scientists, th- forming the 

basis for the creation of a regional network. At the erd of the 

maeting the participants agreed on the develqmerrt of cnoxdhated 

trials for yield testing and disease resistarm for the autumn planted 

area, which cvrrently aozumts for over 90% of the total faba bean 

proauction in china. 

9.5.5. -cnal lmrhlnp an and Flrhrre PmspAs 

of Faba Bean Qq, Dprwmm& in the Fislitmnaman auntriffin 

Tke workshop was jointly organized by CIHFAM, EEC and ICARDA at 

Zaragcsa, Spain, 27 to 29 June. Scientists fmn the Mediterranean 

cumtries attemled the workshop, presented the research results of 

their work and shared information on the major constraints to 

p s i o n  of faba bean in their respective countries. Priorities for 

research were identified and research networks were develaped. 'Ihe 

p- of the workshop will be pblished. 
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