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Abstract 

Citation: Haware. M.P., Gowda, CL.L.. and McDonald. D. (eds.) 1993. Recent Advances in Research on 
Botrytis Gray Mold o" Chickpea: sumimary proceedings of the Second Working Grotup Meeting to discuss 
collaborative research on Botrytis Gray Mold o1 Chickpea, 14-17 MIar 1993. Rampur. Nepal. Patlnchert. 
AP. 502 324, India: International Crops Rseaciuch Ilstitute lotr the Semi-Arid "ropics, 36 pp). ISBN 
92-9066-263-8. Order code: CPE 082. 

Botrytis gray mold (BGNI) is a crucial biotic constraint to chicLpea pioductio;n in several Sooth Asian 
countries. This publication coiltains sutmniaries of the lindings and recoiiiiiiendations imiade It the Second 
Working Group Meeting on BG,"I of chickpea (Raiminpur. Nepal, 14-17 ,iar 1993). Research progress 
during the past two years in India. Bangladesh. Pakistan, and Nepil is reviewed. The ptcsent status of 
8GMI aagenint. discussed. Nine papers oiand future research priorities, are BGM of chickpca are 
presented, dealing with such aspects its retsistance screening and iiultilocillional trials. breding ptr
grains, dis:ase manage iiient. and the role of crop microclimate. The discussionls suggest that sino.chigh 
level resistance is preseitly unalvailable, an integrated disease nitagenlient prr(.rat should be pursued, 
u:iine a combinati in of' moderately resistant cultivars, modified cultural methods. tnd judicious use of" 
chemicals. 

Rt~sumu 

P,'ogr'sIt-&-rt'ns de la rechertice sor la iurrtlure grise di pois cihich due d boiri-is: comptes reidusde /a 
leuxriine r(;tmion dit Grotque th' travail ioatr (istuier a recherche too/;rolivc sur la pourrilture grise rlu 
p)is chi'he due o bolt- "is, 14-17 mars,. Ranipr,Ncpal. Dans pilSi,,eurs pay s de I 'Asic, II pOUIr i tire gr ist 
do pois chiche due i botrytis constitue one iimporlante contrainte biotique itlit producIion de cete culture. 
Cet ouvrilge contiet in coml)te rendu des ir:.tllliS et Ides cOiii)lllatllllons prt.eCIIIIs I D,.nxibiiic 
r6unioii du groupe de Iraai! sir Ia potrriturc giIso du pois chiche due i botrviis (Raiipur. Nepal. 14-17 
mars 1993), et I publication ltit Ic point des pimrm- de rechcrche pendant les deu, deni.-es ialit es en 
Inde. au Bangladesh. au Pakistan ct al Nepid. l.'ta actuel de liagesion de erie iiialadiC mnsi que les 
prioritcs de recherche Itiiitre soRt di:,cuts. Soot incluses gIClICiIent, iCul Coiliinicai ion1S sUt III lpOoI Ii
ture grise dj pois chichc due I botiyis. traitani les aspects tels le criblage pour lit rs ;siaimcc ct des essais 
inultilocauo,. pLograitnnlIes de selcotion. gestioi de lit inaladie, ainsi tuCe 61 (Ie de lIadL nicrocllmat 
cUltote. Etanit donn ]a non disponibilitO actuClle d'onItha niveau de risisance. leis discU,,Smnis laissetit 
croire lU'Un pro.graMciiie inll'gre de gestoii de nmaladie doit Ire vis. hlisit appel IIds cultiv:rs il 
resistance ntiodrte. des mt]ithodes culturales modifiOes ct 1'usage judi,:.iux Les prodtits chiilques. 

Resurmen 

Progrcsosrecientes en Ila in'e.stima.'i;nc/el moho gris botritis de qarbano:acta.s &- a itgioda reuttiin 
d/el Grip))dIe Irabrjoa discutir i,(stigt i6n c.-laborativasobre ci inoho gris botriti.%Itegalrboi:o,14-17 
(le oarzo cc /993. Ralmpur, N-Tpl. F! 1o1o gris botritis es 1na ill portante wonstricci6n bi6tica I lit 
produCci6n de garhanie ci nuchos palfses de Asia. Estak publicaci6n conliCne estiteCnes de las iecOlen
dacitones liechlas en Ia s-,gunda reunion del (Irupo de trabajo sobe el moho gris botritis de garbiliio 
(Raipur. Nepal, 14-:7 de nir',o, 1993 ) El progreso alcan/ido en las uivestigaciones durante los tiltiitoS 
dos afios ein India. Bangladesh. Pklstall Nepal ll las I'uuras de lity y tiiii SediscuteI prioridacs 
illVeslicionl ilSi cOIllO Clesiatlo pCsCnIe dcl liiinejo del iolio. SC[ iesnltue coltillicilciolies sobre 
(! 111oho gris de garbanzo tr:itand ) ICaspcctos cOIIo priebas de iesisten'ia y pruebias it)iutilocacionales, 
piograllias de ci ia. iiianejo de cnleriiedades y.cl paplecl (ue desemitpCfia cl niciociiia dC li coseci. 
Las discusioies sugeCel itue dado (lue por el illIlIenlo no se dispoiie de til alto iiel de rcsstencia, se 
debe seguir Lilptmgrlia integrido de mialejo de enferiedades utilizando Uia coibintici6ni de cultivares 
Ioderadaitiene resitentes. nictoihos iiiodificados de cultivo %'uso prltdele de productos quiliiicos. 

Cover: Clusters of conidia at the tips of Botrytis cirerea conidiophores (scanning electron 
nicrograph, x 3500). 
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Introduction
 

Dr P.Amatya. Executive Director. Nepal Agricultural Research Council (NARC), in his 
opening address welcomed the participants to Nepal for the Second Botrytis Gray Mold of 
Chickpea Working Group Meeting. Ile pointed out that 90c%of the population in Nepal 
depends on agriculture for its livelihood, and thtat chickpea is one of' the most important 
grain legume crops in Nepal (cultivated on 28 00) ha, annual production 16 6(X) t).Botrytis 
gray 1mold (BGNI) is the most important constraint to chickpea production in Nepal, and sO 
it was fitting that the Working Group Meeting should be organized by the Cereals and 
Legumes Asia Network (CLAN) in collaboration with NARC. )r Ainatya expressed his 
hope that the coordinated research on BG Nwould eventually lead to increased chickpea 
production in Asia. 

C LAN coordinates a iiLnuiber of working groups that have been set up to address 
specific problems of ICRISAT mandate crops in the Asia Region. BGM of chickpea is one 
such important problem in Bangladesh. Nepal, parts of Pakistan, and in the submontane 
regions of Uttar Pradesh and Bihar in India. The disease has also been recorded in 
Myanmar. 

BGM becomes serious lolloiwing freqiulent rains that cause high humidity and excessive 
plant growth, factors which favor both spread and severity of the disease. Only low levels 
of resistance to BGNI hac been foutnd so far in chickpea. Although sonic lines show little 
or no damage in the vegetative stage, they nia sufler severe flower infection and do not set 
pods. An interdisciplinar , collaboratiye appromach was considered to be necessary to find 
ways to Inlanage tIle disease. InI view of this, the first Working Group Meeting was held at 
JOtydebptir. BangladcSh, during 4-8 Mar 1991, where par:,icipants agreed to create an 
informal network or *Working Group' to coordinatte research activities. 

We wish to thank the Asian l)evelopment Bank (ADB) and ICRISAT for providing 
funds to hold this Ileeting, and NARC fwi- hosling and organizing it. 

At the first Working Group Meeting : work plan was developed to organize and 
facilitate collaborative reseani work at variotus research centers inBangladesh, India, 
Nepal, and at ICRISAT. The work plan envisaged fliur ma*or research components: sur
veys, genetic resistance, cultural practices, and epidemiology. The presentat ins made at 
this meeting are based essen: ally oti the work plan. The research carried out to date was 
reviewed, and future plans were recommended for collaborative research under the Work
ing Group. 

Editors 



Summaries 

Botrytis Gray Mold of Chickpea 

M.P. Haware and D. McDonald' 

Chickpea (Cicer arietinum L.) is tie third most important grain legune in tie world after 
the comml1on bean and the pea. It is particularly important as a source of'protein to the 
largely vegetarian population of South Asia. Though the yield potential of present-day 
chickpea cultivars exceeds 5 t ha ', their actual yields are only in the region of 0.7 1ha 1 
The gap between actual and potential yields is mainly due to the depredations of'diseases 
and pests. Btrytis gray m1old (BGNI) is an important disease attecting chickpea in South 
Asian countries. It has been reported front India, Pakistan, Nepal, and Bangladesh, and we 
recently noted its occurrence in Myanniar. 

In view of the destructive potential of the disease in South Asia, a Working Group 
Meeting was held at Joydebpur, lFngladesh, during 4-8 Mar 1991 to discuss how best to 
address the problem. In this paper we endeavor to highlight the progress of research on 
BGM of chickpea during the last 2 years. 

flost resistance 

The International Crops Researci Institute lr the Semi-Arid Tropics (ICRISAT), in col
laboration with G.B. Pant Univcrsit. of Agriculture and Technology. estab!ished a BGM 
nursery at Ptantnagar. India, to screen germplasm and breeding materials tiOr resistance to 
the disease. During the 199091 and 1991192 postrainy seasons a large number of FT.14:l, 
and F, progenies and balk populations were screened in the nursery. Lines showing 
resistant reactions as nieasuretu in a. 1-9 point scale (0 - tree from disease,. 9 = killed) were 
selected. High levels of resistance (3 or below) are not yet available. 

We pian to systematically screen chickpea gerniplasm in a growth room under con
trolled conditions (25+C: RH 100% for 3 days and 70-80( for thc next 7 days) for reaction 
to BGM. 

BGM resistance in wild Cicer 

Thirty-six iccessions bclonging to seven annual wild Cicer species were evaluated for their 
reaction to BGM in the controlled environment growth roon, at ICRISAT Center. All 
accessions of Cicer juelaicum, C. yamashitae,C. cuneatum. C. rcticulatmi, C. cchinvsN r
ntum, and C. pinnatijidun were susceptible. Three accessions of' C. bijuguin (ICCWs 41, 

42, and 91) were resistant (a rating of <3 on a 1-9 scale) to the disease. Two of these 
(ICCW 41 and ICCW 42) were also resistant to ascochyta blight. 

I. ICRISAT, Patancheru, Andlira Pradesh 502 324, India. 
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Multilocational testing 

Over 100 promising lines were screened in tie BGM nurseries at Ishurdi (Bangladesh). 
Rampur (Nepal), and Pantnagar (India). Fourteen lines showed field resistance to BGM at 
Ishurdi and Panrnagar (Table I ). 

Table 1. Reactions of 14 chickpea genotypes to botrytis gray mold at Ishurdi (Ban
gladesh) and Pantnagar (India), postrainy season 1991/92. 

Disease rating' 

Genotype Ishurdi Pantnagar Mean 

ICC 6304 3.0 3.5 3.2 
ICC 7322 5.0 3.5 4.2 
ICC 7568 5.0 4.5 4.7 

ICC 7670 4.0 3.2 3.6 
ICC 8529 5.0 4.7 4.8 
ICC 12512 5.0 4.7 4.8 
ICC 12961 3.5 3.2 3.3 
ICC 13816 5.0 4.7 4.8 
ICC 15980 5.0 5.0 5.0 
ICC 15991 5.0 4.7 4.8 
GG 829 4.0 5.0 4.5 
GL 85056 3.0 5.0 4.0 
GL 85103 3.0 4.5 3.7 
GL 85105 4.5 4.2 4.3 
H 208 (control) 6.9 7.5 7.2 
Location severity index 

(mean of 115 entries) 6.4 5.4 

1.Average of two replications scored on a 1-9 scale, where t - free from disease. 9 - killed. 

Integrated disease management 

Screening of chickpea gerniplasm has not revealed any accession with high levels of 
resistance to BGM. The spread of 13GM is facilitated by high relative humidity in the crop 
canopy. Thus, in environnients favorable to the dise.:se, tall, erect genotypes ot chickpea 
have less disease incidence than compact. spreading genotypes. Ficld trials on integrated 
disease ntanagcnient were conducted at Pantnagatr in the 1991,92 postrainy season. 

A tall, erect genotype. ICCIL 87322, was sown on 30 Oct 1'991 at four different plaut row 

spacings: in single rovs 30 c. and 6(0 cm apart. and in paired rows at 45:1S.45 and 
60:40:60 cm. Plant to plant spacing within rows was It) cm. ()ne set of plots at each 
spacing was sprayed with 0.2% vinclo;:olin (Ronilan" ) on 14 and 28 Feb 1992. 

4 
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ICCL 87322 had lower disease levels when sprayed. At wider spacings there was less 
disease and higher grain yields than at closer spacings in both fungicide-sprayed and 
nonsprayed plots. These results indicate that itis possible to manage BGM in chickpea by 
sowing tall and erect genotypes (moderately resistant) at wider spacing with judicious use 
of fungicides (Table 2). 

Table 2. Effect of plant spacing and fungicide sprays on botrytis gray mold severity 
and grain yield in chickpea cultivar ICCL 87322, Pantnagar, postrainy seasou 
1991/92. 

Disease rating' Yield (t ha lI)Iuterrow spacing 
(ci) Sprayed 2 Nonsprayed Sprayed Nonsprayed 

Single row 
30 5.0 (2.2) 3 6.0 (2.7) 2.0 1.4 
60 3.7(1.9) 5.0(2.2) 2.2 1.6 

4
Paired row 

45:15:45 4.0(2.0) 5.0(2.2) 2.1 1.4 
60:40:60 3.0 (1.7) 4.0 (2.7) 1.9 1.5 

SE 
Spacing (±0.02) ±0.11 
Spraying (±0.01 ) ±0.13 
Spacing x spraying (±0.03) ±0.19 

CV (%) 2.7 16.5 

I. Final hcliwse rii(g in a I-)scale. %%here I - free fr0m dtiase, 9 - killed. 
)spra~ed on 14and 28 Feb 1992.2. I:1nglcLtt %inchIt in (R(nilan (0.2"; 

are ha,'ed ire tliot rmiatiln. 
.4. t'kiplant rim, spallgs sere used -15cmi alternating \,ith15cl, and 60 cimialternaling with 40 cimi. 
3. Figures iin rlar-nilt.c n s transoi 

and g10l% B(NI 
geno.,lies at PalitnHag .Th egTnotypcs were siMwn oti four dates at 2-week intervals fron 
31 Oct to 14 l)ec 1991. 01 the ike Lcenolypes tested, ICC. 87322 and ICCV 88510 were tall 

aind erect, and nioderatell, resistant. I 208 was se,ispreading and higll susceptible to 

FBONI, Pant G 114 vas se ltsprCading. ,and K 8501 was sciierect. Date n1 sowing influenced 
the isCase sevrty in allthe genoti pes. I)elayed sowing in Notelllber-l)eceniber restillied 

in low levels oftdisease, even Insu,sCeptdibC cuLIt ars, probaily because of reduced growth 

and canopy de(clopillent. ttimever. Iherc \%as signiticant reduction in yield in late-sown 
plots (Table 3). It may be possible to manage BGM ot chickpea by maipulating tile 

The effects of ',.( in I habit oil were stutdied in five chickpea 

date 
of sowih, but we need to identIfy chickpaC gcnoty pes that can performt better when sown 
late. 
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Table 3. Influence of date of sowing and growth habit of 5 chickpea genotypes on 
botrytis gray mold severity and grain yield, Pantnagar, postrainy season 1991/92. 

Disease ratino I Plot yield (kg) 2 

31 14 29 14 31 14 29 14
 
Cultivar OCt3 Nov Nov Dec Oct Nov Nov Dec
 

H 208 7.2 7.( 5.2 4.2 1.0 1.1 1.0 0.9 
(2.0) 4 (1.9) (1.7) (1.4) 

Pant G 114 6.0 5.7 4.0 3.2 1.2 1.0 1.0 0.7 
(1.9) (1.7) (1.4) (1.2) 

K 850 6.7 5.7 4.7 4.0 1.3 1.1 0.9 0.9 
(1.9) (1.8) (1.6) (1.4) 

ICCV 88510 5.0 4.5 3.7 2.7 1.6 1.4 1.0 0.9 
(1.6) (1.5) (1.3) (1.0) 

ICCL 87322 4.5 4.0 3.5 2.5 1.4 1.5 1.1 0.8 
(1.5) (1.4) (1.2) (0.9) 

Mean 5.9 5.4 4.2 3.3 1.3 1.2 1.0 0.8 
(1.8) (1.7) (1.4) (1.2) 

SE 
Cultivar (±0.03) ±0.07 

Sowing date (±0.05) ±0.10 

Cultivar x sowing date (±0.07) ±0.15 

CV (%) 7.3 25.9 
I. Average of four replications scored on a 1-9 scale, where I - free from disease, 9 - killed. 
2. Plot size: 2 x 4 rn. 
3. Denotes sowing dates. 
4. Figures in parentheses are based on square root transformation. 

Conclusions 

High level resistance to BGM is not yet available in chickpea. Germplasm enhancement by 
crossing among less susceptible lines, and by utilizing wild Cicer species are suggested as 
promising ways to improve resistance and thereby increase yields at the farm level. 

Integrated disease management should be a regular practice in chickpea production. 
Indications are that judicious use of fungicides, manipulation ol sowing dale, use ot wider 
row spacing, and growing tall and erect genotypes could increase yields of chickpea in 
BGM disease-prone areas. 
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How Important is Crop Microclimate in Chickpea
 
Botrytis Gray Mold?
 

D.R. Butler' 

Plant diseases are caused by microscopic organisms, which in turn are influenced by their 
immediale environment, tie microclinmate. What matters to a fun gal spore on tile surface of 
vegetation is the state of the surface; its temperature, whether it is wet or dry, and if it is 
dry, the humtiaity within the laminar boundary layer. The surface conditions in turn depend 
on the prevailing weather; the temperature and humidify of (he bulk air, solar radiation, 
cloud cover, wind speed, and precipitation. In relating disease development to weather, we 
need to know whether it is satisfactory to use standard m, asurements of variables on a 
meteorological site or whether knowledge of the crop microcliniate is iinportant. There is 
no straightfo, ward answer to this question, because the answer itself depends on tile 
weather, the crop cliaracte, istics, and the pathogen behavior. In this paper I will attempt to 
illustrate conditions where lte crop inicrocliniate may or may not have a strong itfluence 
on disease. 

Current knowledge 

Many comments at the BARI/ICRISAT 1991 Working Group Meeting to discuss collaboia
five research on botrytis gray mold (BGM) of chickpea indicate that weather is an irnpor
tant factor in BGM. In introducing the recommendations of tile Working Group it was 
stated that 'incidence and severity of BGNI is highly dependent on ervironmental factors' 
(Haware et al. 1992). Agronomic practices that minimized yield losses due to BGM were 
perceived to affect tie disease mainly by 'creating a inicroe nviron1ent less ftavorableit) its 
development'. However, I wonder whether we have suflicient inform ation to substantiate 
that statement. 

Associations have been made between disease severity and canopy density after heavy 
or frequent raintall early in tie crop season (Tripatii and Ratii 1992. Bakr and Ahiined 
1992). Rainfall would influence the disease in two ways: bx its direct effect (n the 
pathogen and by promoting vegetative crop growth early in the setison, leading to a dense 
canopy. These two effects should be distinguished, since the role of tnicrocliinate is likely 
to be more important in the second case. 

It is thiought that conidha require free water on tie plant surtace tor infection (Haware 
and McDonald 1992), althotigh Reval and Grewal (1989) observed germination of one 
strain of Botuivtis cinerea at 757 relative humidity (RH) in vitro. Various strains of B. 
cir11(0 difter in the way that light, teniperature, and RH affect conidial germination 
(Rewal and Grewal 1989). 

1. ICRISAT. Patancheru, Andhra Pradesh 502 324. India. 
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Disease symptoms are affected by weather. Flower drop and rotting of plant parts are 
conspicuous in cloudy weather. Discrete brown spots develop on leaflets with high humid
ity and low temperature; and chlorosis and defoliation occur at high temperature (Haware 
and McDonald 1992). 

Required knowledge 

To assess the importance of microclimate in disease, we need quantitative intorliation on 
the crop microclimate and on the response of the pathogen to its environment. A typical 
relationship between injection and surface wetness duration is illustrated in Figure I. The 
shape of the curve is similar for many lOliar diseases, but the parameter values vary with 
different pat hogertl'hlst cni1binat ions. I do not know tihe paraneter values fiOrB(M so. 'r 
the purpose of this illustration. I have asslumed that tile Miin iin ur wet ne ss period for 
infection is a little under 4 I,and that 9( iat'ection occurs after 15 h of'wetness. 

Let us consider two crops, one dense -ild We wold expect surfacethe other sparse. 
wetness to persist longer in the dense crop. and it is rea~onable to assune that the dense 
crop remains wet 4 I longcr than the sparse crop each tinic a wetting event occurs. 

We first e:xamine a situation where wetness persists oilthe dense crop fo(r 8 Ieach day. 

There would be 4 Ii of wetness in the sparse crop, insufticient fur substantial infection, but 
in the dense crop 8 Ii of wetness would be sufticient for 6t), of the maximum possible 
infection (Fig. 1).In this case, therefore, the crop mici icliniate would have a dramatic 
eft'ect on disease. 

100 

80 ................................-

C.0 

_ 60 

40 

20 

0 I I 

24
0 6 12 18 
Wetness period (h) 

l'igure1.Relationship between leaf wetness duration and infection byfoliar diseases. 
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Now consider a weather pattern in which wetness persists on the dense crop for 16 I1 
each day. There would be sufficient wetness in the sparse crop (12 i) to cause 80% 
infection and this would increase to just over 90% in tile dense crop (Fig. 1). In this case 
the effect of crop microclimate would be sniall and diflicult to demonstrate experimentally. 

The illustration above is hypothetical, but I have tried to make it realistic. The response 
curve Towetness is very similar to that which we have determined fbr groundnut ruSt 
(Butler and Jadhav 1990), and exposed leaves typically dry about 4 h earlier than do 
sheltered leaves within crop canopies. 

The fact that I had to use a hypothetical illustration is an indication that we need more 
quantitative information about BGM. We need to determine the parameters fior B. cinerea 
which would enable us to draw a response curve similar to Figure I. We also need 
information on the crop microclinmate, to qlant ify differences in wetness duration and 
humidity for crops of different growth habits and canopy densities. Witi this infornation it 
would be possible to assess the effxctiveness of different agronomic practices such as 
choosing tall, erec: genotypes, changing the time of sowing, and adjusting plant spacing in 
helping to control BGM. 

For pathogens such as B. cmnc'ea where airborne conidia are an important dispersal 
mechanism, sporulation commonly depends to atlarge extent on air humidity. Conidia are 
usually produced when the relative humidity exceeds a khreshold and if this is the case for 
BGM, the irop microclimate could determine whether the threshold is pNassCd. There are 
commonly consistent differences between air humidities measured in crops and on mete
orological sites. A similar argument to that for infec ion would hold for sporuilt ion; the 
microclimate becomes important when the effect of weather conditions is marginil. 

I suspect that we are not yet in a position to predict disease outbreaks from the weather 
with certainty, so we are certainly not able to precisely assess the importance ofimicrocli
mate to the disease. Our lirst priority should be to improve our understanding of how 
weather affects BGM. It might then be possible to identify situations where microclimate 
has a strong influence on disease. 

Further studies 

The following areas of research are suggested to improve our knowledge about the effect 
of weather on BGM. The information would allow us to develop forecasting systems, 
assess the effectiveness of microclimate manipulation in reducing BGM, and improve our 
interpretation of screening trials. 
" Controlled environment experiments to determine the effects of wetness duration and 

temperature on infection, using different strains of B. cinerea. 
* Controlled environment experiments to determine the effects of humidity and tetmpera

ture on sporulation. Use different strains of B. cinerca. 
* 	Comparison of disease development in dense and sparse canopies (using genotypes with 

different growth habits). Include observations on leaf wetness persistence in relation to 
weather. 

" 	Analysis of weather patterns to see if there would be a consistent advantage in changing 
the sowing date. 
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Screening for Botrytis Gray Mold Resistance 
in Chickpea in India 

Y.P.S. Rathi and H.S. Tripathi' 

Botrytis gray mold (13GM) caused by Botrvtis cinerea is one of the most important foliar 
diseases of chickpea. Although preventive measures such as chemical sprays and wide 
row spacings help to reduce disease intensity, resistant cultivars ofter the most economic 
control of the disease. Work on 13GM of chickpca was taken up in 1984 at G.B. Pant 
University of Agi-iculture and Technology (;BPUAT), Pmitiagai (29°N, 79' 30'E). which 
is situated in the 7Krai region of Uttar Pradcsh, India. The studies began through an Indian 
Council of Agricultural Research (ICAR) research project entitled 'Studies on survival and 
managcn ent aspects of gray mold of chickpea caused by ,irvtis cincrea'. This project 
had the I )lloving objectives: 
* 	to establish a BGM screening nursery: 
* 	to devclop an effective field screening technique; 
* 	to cal'V out extensive screening of gernplasm accessions to identify sources of 

resista ice; 
* to conduct epidenliological studies: and 
" to develop an integrated disease management strategy. 

The screening program was further strengthened in 1986 through a GBPUAT-ICRISAT 
collaborative project. 

Since 1984, more than 8 500 germplasm accessions, inclu,!ing breeding materials ([F3, 
F4 , and I. Pulses Improvement5 populations) received through the All India Coordinated 
Project (AICPI P) of ICAR aid from ICRISAT, have been screened. The test entries were 
sown in 2 m long rows (at 30 x 10 cii spacing) at the end of October every year. Ote row 
of' the susceptible cultivar H 208 was sown af'ter every two rows of test entries. All test 
entries were replicated twice. inoculation m'K:.!a I'ngal spore suspension was carried out 
when the plants were 80-90 days old (at .,rset of 1:werins, . and repeated twice at IU-day 
intervals. To ensure high humidity in the screening iwr.,ery, a light irrigation was given 
prior to life first inocLt1ation. After the second and third inoculations, high humidity was 
maintained in the c:-op through sprinkler irrigation every 2-3 days. 

Observations on the disease were made thrice: in mid-Febrtlary, and the first and last 
weeks of'March. The disease severity/dalage was rated visually by scoring individual 
rows on a 1-9 scale (I = highly resistant. 9 - highly susceptible). Promising entries were 
selected on the basis of the final rating, and these were fLirther lested in a greenhouse in the 
succeeding year. 

I. G.B. Pant University of Agricuhure and Technology, Pantnagar, Uttar Pradesh 263 145, India. 
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The results of' -ermplasni s:reenhhg inicated Iilt nonc o"the lines scIeened remaiCned 
completely t'ree from intc.ction. However. 22 lines nawely, ICC's 1069, 1609, 4107, 6250, 
7574. 7670. 8919. 9689. 10302, 12961, 12963. 1593S, and 15979. I'CI, 87322, ICCV 
88510 (all from ICRISAT): B(;s 256, 261, and 306, 1- 86-73, Il 8 -96. F' IOOY, and E. 
100Y( M) (f'rom AICPIP) showed resistant reactions (severitN score .3). Most of the entries 
that SIO\kVeL rc,ist ant reactions were of thc erect, omtipact type. 

Despite the considerable eforts ot plant breeders and plant p'lthoIogits. no high degree 
of resistance to BGNM has so far been tound in chickpea. :u rther sc.reening of gerniplasinl 
and breeding material should be continued in (:!e hope of' ide nciilv ug more resistant 
gerniplasm.
 

Studies on Botrytis Gray Mold of Chickpea 
in Nepal 

P.B. Karki I, S.Joshi 2, G. Chaudharyt, 
and R.N. ChaudharyI 

Chickpea is the th ird most impoi tant grain legu roe crop in Nepal, where it is widely grownI 
as a sole or mixed crop in tile 7:raiand inner Terai regions. Bolrylis gray mold (13GM) 
caused by Botrvts cincrea is an important yield-Iin iing factor in chickpea in Nepal. The 
disease is endemic in Chitwan district. 

Reasons for poor pod-setting 

Flower drop leading to poor pod-seting has been observed at some locations in Nepal. 
Experiments were carried out at Rampur in 1990/91 and 1991/92 to determine the causes 
(suspected to be BGNI and soil faclors) of poor pod-setline. In 1991 a signiticant incl .ase 
in pods per plant and seed yield was obtained folhVoine spraying with tile flunicide 
Bavistin" (Table,, The fungicide sprayins x 4senol''pe interaction was signiticaMt. Tho 
increase in yield was higher in susceptible varieties than in tile resistant cultivar I)hanush. 
InI a pot experiment it Rampur, irrespective of genotype, planls grown in soil collected 
from Parwanipur produced more pods per plant Iln those grow n in soil friom RaMipur. 11is 
therefore thoughtLthat both BGNI and soil factors (low p1t and associated nutritional 
problems) are respoisible for the poor pod-settilsn of chickpeas grown at Raiilptir. 

1. Natina t rain Legume Rcsearch Pogramme, Rampur, Nepal. 
2. Plant Pathology Di%isi n. Nepal Agricultural Research Concil, Kailhuandu. Nepal. 
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Table 1. Effect of Bavistin " spray on pods per plant and seed ykeld in 13 chickpea 
genotypes at Rluanpur, Nepal, 1991/92 season. 

)Pods per plant Yield (kg ha-

Genotype Control Sprayed Control Sprayed 

DhLanush 35 51 508 

Sita II 32 269 662 

Trishul 35 48 493 761 

ICC 18()4 7 31 142 891 

ICCL 86237 5 16 II1 488 

ICCL 86313 12 29 120 325 

ICCX 840508-21 17 45 367 1466 

ICCX 840508-32 23 33 238 793 

ICCX 840508-36 10 31 250 977 

ICCX 8410508-38 14 30 263 822 

ICCX 840508-40 20 38 556 1334 

ICCX 840508-41 19 29 263 980 

ICCX 840511-25 18 52 261 1006 

CV (Q) 3.6 10.7 7.6 7.5 

LSD (1"= 0 i)5) 1.4 8.3 48.6 141.6 

Host resistance 

Breeding chickpea fo resistance to 13GM is a major objective of the varietal improvcment 
program in Nepal. Chickpea geriplasin and breeding lines front international and national 
prograltls havec been screened at several locticns in Nepal since 1985 to identify sources of 
resistance, and Mlot.pes with riroderatte resistance and high yield potci,'.,:.c 


A total ol 201 chickpea lines froi the Internatio:ial Chickpwa IGNI Ntirsor) tiRampur 
.+ere for reTSistancC 1UM 1991. flowersceeCIned to In 1990i ai;d Based oil leaf and:or 

infection, none of tie gno1r pc, a,rated resistant tolerant in either .car. Entries front tie 
national BUN n, series at Tarahara, Parwanipur, ind Raiipuir were seened druring the 
1990 91 and 1991 92 ,easons. The discaw incidence was ver low at Tiir-ahara and Par
wanipur in 1991 92. Most of the genoII,ps icCd ill1990,91 wec rated 3 to 5 on at1-9 scale 
(Table 2). Ariong these, three genoiypes ()hiannl.ih and ilsderivatives ICCX 8,10508-33 
and ICCX 840508-411 were found resistant over ocations aid years. In 1991 92. 24 of the 
244 lines tested al Ramitir shm, to both leafa id llm erwed satisfactiory levels if resistance 

infection. The reactions of tlhese lines arc bciig7 veriticdtl. Past resoIlts have indicated that 

Ile cultivar DhtaitLI, a locally adapted chickpea line, has lield tolerance to MAM. 
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Table 2. Chickpea genotypes moderately resistant to botrytis gray mold at different 
locations in Nepal, 1990/91 season. 

Location Genotype 

Parwanipur 	 ICCXs 840508-21, 840508-32, 840508-33'. 840508-36, 840508-38, and 
840508-411: ICCs 1894. 86237, 87305, 87332, and 87333: ICCVs 89303. 
89304, 893 10, and 89328: Ilanush 1,Gaurav, andi Kalika. 

Tara lara 	 ICCXs 840508-26, 8404508-30, 840508-31, 840508-331, and 
840508-411; ICC 1894; ICCLs 86237. 87305, 87313, and 87333: ICCVs 
89302, 89303, 8930 4, 89310, 89330, 89332, id 89333: Gaurav, and 

hlanush1. 

Rampur 	 ICCXs 840508-21, 840508-25', 840508-31, 840508-32'. 840508-33', 
840508-36. 840508-38I, 840508-40, and 8-10508-411': and Dlanushi . 

I. Had ,imilar disease rcactions during 2-3 ,cars ltestingat tie specified locatims. 

Agronomic manipulation for BGM control 

The low levels of resistance, and the changes in disease reactions of several chickpea lines 
over location:; and years, have made breeding for BGM resistance a difficul taisk. There
fore, studies were conducted to identify agronomic practices that minimize 13IGM severity. 
Delay in sowing greatly suppressed 13GM incidence. However, seed yields of gcnotypes so 
far tested in Nepal lend to be reduced by delayed sowing (N(I.RP 1988, 1992). Two 
cultivars, Dhanush (lield resistant o BGM) and Sita (13GN1-susceptible), were sown at 
Rampur with different spacings and intercropping. The disease severity did not dillhr 
significantly whether genotypes were grown at 40 cm or 60 'Im row spacing, or whether 
they were grown as a sole crop or as a mixed crop with mustard. 

Effect o' pll on different BGM isolates 

Isolates of Biotrytis cinerea from Janakpur (eastern Nepal), Parwanipur, Rampt (central 
Nepal), and Nepalgunj (western Nepal) \%,,re studied for their pli requirement in potato 
dextrose agar. A slightly acidic medium (pH 6) was most conlucive to growth. 

Two different types of isolates of BGMNI were identified: sporuiating isolates from 
Janakpur and Rampur, and sclerotia-forming isolates from Parwanipur and Nepalgunj. 

Conclusions 

* 	Both BGM and soil-related problems are involved in poor pod-set in chickpea at 

Rampur. 
* The released variety Dhanush has shown consistent field tolerance to BGM at RaMpur. 

so 

far are not suitable for late sowing. 
* 	Delayed sowing suppresses BGM severity in Nepal. However, the varieties released 
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Multilocational Screening for Botrytis Gray Mold
 
Resistance in India
 

Vishwa Dhar', Y.P.S. Rathi 2, H.S. Tripathi2, Mahendra Pal3 ,
 
Gurdip Singh 4, M.P. Haware5, and J.P. Upadhyaiy 6
 

Botrytis gray mold (BGM) is an important foliar disease affecting chickpea in northern 
India. During the last three decades several epiphytotics of this disease have caused heavy 
yield losses in parts of the Indo-Gangetic plains and tilenorthwest plains zone. After major 
outbreaks in Haryana and Punjab in the 1979/80 and 1980/81 seasons, the disease has 
occurred only sporadically in these states. However, in the Terai regions of western Uttar 
Pradesh, 13GM has occurred regularly throughout the last decade. 

In order to identify BGM-resistant varieties, chickpea lines bred by various centers 
under the All India Coordinated Pulses Improvement Project (AICPIP) were extensively 
screened at New Delhi, Ludhiana (Punjab), Pantn:igar (Uttar Pradesh), Dholi (Bihar) and 
ICRISAT Center, Patancheru. The results of screening during the 7 years from 1985/86 to 
1991/92 are summarized in this paper. 

Most of the genotypes screened were entries from the coordinated varietal trials (CVT) 
contributed by the cooperating centers of AICPIP. The screening was done in the field at 
Pantnagar and Dholi and in tilegreenhouse at New Delhi, Ludhiana, and Patancheru. 

In field screening, the reactions of test entries to the disease were recorded when the 
disease intensity reached a maximnum on the susceptible control lines (H 208 or L 550). In 
greenhouse tests, observations were recorded 5-7 days after inoculation, when the disease 
development was maximum. Test entries were graded on a 1-9 scale (I - no disease, 2-3 
resistant, 4-5 = moderately resistant, 6 - moderately susceptible, 7-9 - susceptible). 

The location severity index (LSI) values under field screening at Pantnagar and Dholi 
ranged between 3.2 and 6.1, indicating that disease pressure was moderate at these loca
tions during all years of screening. Under artificial inoculation screening in the green
house, the disease pressure was higher as evidenced by the high LSI range of 5.8-7.1 at 
New Delhi, 7.0-8.8 at Ludhiana, and 7.6-8.9 at Patancheru. This permitted effective 
screening for resistance against BGM. None of the test entries exhibited a high level of 
resistance under artificial screening. While the majority w,.re found to be susceptible, a 
few showed moderate resistance/tolerance (4-5 on a 1-9 sLale) to BGM. Under field 
screening a relatively large number of entries exhibited moderate levels of resistance. 

1.Directorate ofPlutses Research, Kalyanpur, Kanpur, Uttar Pradesh 2(J8 024. India. 
2. G.B. Pant University lAgriculture and Technology, Paninagar, Uttar Pradesh 263 145, India. 
3. Indian Agricultural Research Instituic, NeovDelhi I10 012, India. 
4. Punjab Agricultural Universiiy, Ludhiana, Punjab !41 004. India. 
5. ICRISAT Center, Patancheru, Andtra Pradesh 502 324, India. 
6. Tirhut College if Agriculture. Dholi, Muallrpur dis., Bihar 843 121,India. 
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Screening was done during all the 7 years (1985/86 to 1991/92) at Pantnagar, for 6 years 
at New Delhi, 3 years at Ludhiana, 2 years at Patancheru, and for only I year at Dholi. The 
results of screening at the different locations are shown in Table 1, 

Table 1. Chickpea coordinated varietal trial entries moderately resistant to botrytis 
gray mold in multilocational testing under the All India Coordinated Pulses Inprove
ment Project, India, 1985-1992. 

Total No. of moderately resistant entries 
entries - - -

Location screened I year 2 years 3 years 

New Delhi 1095 48 BGs 240, 257, 276, BGs 212. 244. 256, 
297, 298, and 318: and 267; GL 769, 
BGM 405, BGNM Gaurav (6entries) 
424, GNG 158, L 
83119, [is 86-18, 
86-156, and 86-158; 
ICCC 10, ICCC 42, 
ICCV 88103, KPG 
59, KPG 143-;, 
PDGs 83-3., 83-34, 
and 84- I0 
(21 entries) 

Ludhiana 518 27 BG 209, GL 86051, Not tested 
H 86-39. H 86-156, 
ICC 1069, ICC 
7574, ICCV 88102 
(7 entries) 

ICRISAT 368 4 Not tested Not tested 
Center 

Pantnagar 1265 105 BGs 209, 240, 261, BGs 212, 244, and 
267, 276, 297. 298, 256; GCP 6, PDG 
299, 321, 329, iind 83-33, Gaurav 
344: BGls 413, (6 entries) 
417, and 431: GIBls 
158, 426, and 432: 
GG 715, GI. 86152, 
Hs 86-18. 86-39, 
86-72, and 86-156: 
ICC 1032, ICC 
1069, ICCV 89445, 
K 3256, NDG 8605, 
PDG 83-34, PDG 
84-5 (30 entries) 

Dholi 187 7 Not tested Not tested 
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At Pantnagar, where 1265 entries were tested during the 7 years. 105 exhibiled moderate 

resistance For one season, and 30 for two seasons. Six entries (BGs 212, 244, and 256, GCP 

6, PDG 83-33, and Gaurav) showed fairly stable but moderate levels of resistance for three 

seasons. At Dholi. where entries were screened for one season only, BG 212, BG 256, 

GCP 6, Gaurav, GG 715, H 86-156, and GL 83119 were identified as moderately resistant. 

Among 1095 entries screened in the greenhouse at Ne\k Delhi. 48 exhibited moderate 

resistance fkw one season, 21 fkr two seasons. and 6 for three seasons. At Ludhiana seven 

entries were tLound to be moderately resistant to BGM 1'(r two seasons, but these were not 

tested during the third season. 

At Patancheru only tour entries (-1 86-18, H 86-232, IlK 88-21)9. and Gaurav) showed 

moderate resistance during 1990,'91, when the disease pressure was rather low (LSI 7.6). 

In 1988/89 (LSI 8.9) all the test entries were rated as susceptible. However, the four entries 

found to be Moderately resistant in 199091 were no, i cILIded in the 1988,/ 9 trial. 

In addition to the CVT entries, 858 breeding lines developed at LAudhiana were screened 

fbr BGM resistance under artificial inoculation tests during the 1990!91 and 1991/92 

resistance and 30 others were llodseasons. Of these, GL 90159 and GL 91040 showed 

erately resistant (Table 2). 

Table 2. Breeding lines showing resistance to botrytis gray mold at Ludhiana, 

1990-92. 

Disease rating' 
Total lines 

4-5
screened 3 


GFs 89-26, 89-28, 89-40. 89-62. 89-118. 89-120,858 GI 90159, 
GL 91040 	 89-121. and S9-177: G.s 84147. 84190. 81297. 85018, 

85059. 85090, 86015, 817049. 8753, 88202, F8225. 

88358, 88393, 88395, 89025. 89026. 89027, 90048, 

90(1062. 99160. 91(035, and 91039. 

h Scored on a I-9 scale, vMherc 3 - resistant. 4 5 - modceraicl rcmIstNit 

Nin 'teen entries which exhibited stable and bradbased, 1 oderaie levls of resistance 

identtied at tie test locations Under field and greenhouse screening. Theseto BGNI were 

are: BGs 209, 212. 2-1), 244. 256, 267. 276, 297, and 298. GCP 6, (NG 158. CL 769. GI.
 

83119. [Is 86-18, 86-39, and 86-156, ICC 1069, lP1)C 83-33. anW Gaurav.
 

Three lines have been earlier idenliicd as r,'sistant 	to BGNI: ICC 1069 at Pantnagar 

Delhi (Yadav 1992). Thc cultivartChaube et al. 1980)i, and BC 276 anid B( 298 at New 
:,;to possess uiiti-Oaura\ is also rrodlratele resistant to ascocllta blight and tiu, ap 

lines reported resistar.tpie resistance a ainst two very important diseases. Click ica to 

13GM in ',ndia should be evaluated ndi iih 'Thease pressure at locatioms like Rarrpur in 

Nepal to confirm their res i t'n cioIire they are recolimimlended as donor parents for 

resistance breeding progr;,,.is iii India. 
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Progress in the Management of 

Botrytis Gray Mold of Chickpea in Bangladesh 

M.A. Bakr', M.M. Rahman', F. Ahmed , and J. Kumar2 

Widespread occurrence of discases is the most important constraint to chickpea production 
in Bangladesh. Among the diseases, botrytis gray mold (BGNI) is considered to be tie 
most damaging. It may cause total crop loss in years of epidemics Bakr and Alhried 1992). 
In recent years the disease has occurred regularly in Bangladesh due to rains in February, 
which caused excessive vegetative growth. Efforts are being made to contain the damage 
caused by BGM, and there has been collaborative work between the Bangladesh Agri
cultural Research Institute (BARI) and ICRISAT since 1990. The first BARI!ICRISAT 
BGM Working Group Meeting was held in Bangladesh, during 4-8 Mar 1991. The work 
plan developed at the meeting included four components: surveys, genetic resistance. 
cultural practices, and epideniology. Research on 13GM done in Bangladesh isdescribed. 

Surveys 

Farmers' fields in Bangladesh were surveyed jointly by the Crop Diversification Pro
gramme (CDP) of Bangladesh and ICRISAT from 23 Feb to 3 Mar 1992. The major 
objectives included assessment of biotic and abiotic constraints to the production of rabi 
pulses like chickpea, lentil, and lathyrus. During the 1991/92 season the over,,,helming 
biotic constraint to chickpea production was 13GM. The major chickpea-growing regions 
of west Bangladesh (e.g., Faridpur, Kushtia, Jessore. Jhenaidah, and Magura) were badly 
affected by the disease, especially where crop canopies were dense. The only region where 
the disease was no ita major problem was tie Barind tract. "Thus, there were clear indica
tions that BGM infection was less intense in more open crop canopies and in cantipie swith 
lower relative humidity RI]) (ICRISAT 1992). During the survey we also identified a local 
germplasm line which was relatively tree f'rom BGM. 

Genetic resistance 

Screening for B1GM resistance was initiated at Ishurdi during the 1990/91 postrainy season, 
in collaboration with ICRISAT. l'ighty-six chickpea lines were screened in that season and 
115 more (received from ICRISAT) in tie 1991/92 season, under natural field conditions. 
The highly susceptible control entry ICC 4954 was sown as a disease *spreader' after 
every four test entries. High RI] was created 1) irrigation and by spraying the plants with 
water using knapsack sprayer:. 

1. Pulses Reswarch Centre, Regional Agriculiural Research Station. BARI, Ishurdi, Iangladesh. 
2. Crop Diversification Programme, Dhaka. Banglatdesh. 
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Of the 86 chickpea lines screened in both 1990/91 and 1991/92, the fIollowing I0 lines 
showed resistanceitolerance to B(;N during both Nears: ICCs 5035, 6304, 12963, 14911, 
14912, 15973. 15978, and 15982, IC('I. 15986, and ICC.+ 85086. Of the 115 lines screened 
in 1991/92, 13 were raOted as resistmant,toleraut. In the 1992 93 season, we are retesting all 
these lines, plus 30 oore sent from ICRISAT, and resul!s of 3 y'ears of testing will be 
available at the end of tile se.soll. We shall use the moost resistant lines in tile breeding 
prograin in lltre. 

Cultural control 

Wide spacing between plants and application of fungicidal ;prays can effectively reduce 
B3GM-related losses. A study wais undertaken to integrate such disease management prac
tices as seed treatment (carbenldai im 25 - + thiran 501). 1:1). foliar spray ol' carbendaz ill 
and wide row spacing (75 cm). Two foliar sprays were applied it a 14-day interval. Foliar 
spray combined with seed treatritenitt was f Iud to be more eflective tharn lOliar spray alone. 
Seed treatiert. by itself, was iieft'ecliye. The disease was also reduced signiticaritlv by
wide spaciig alone, but tire yield w'as lower Itn thtat obtained w i' l tile seed treat Ient 

l'oliar spray cortibinattito. The experiment is being repeated during tire 1992,93 season with 
two additional treaments namrely, intercropping with linseed and use of the NI-tolerant 
line ICCI. 87322. 

Epidemiology 

Studies on the de,,elonnient of' BGNI in different chickpea genotypes were conducted 
dun tile years 1989-91, and physical tactors were monitored. The results were docu
menied in the sumtary proceedings of tire first BGM Working Group Meeting taware et 
aI. 1992). The temperature ard RIi at tile onset ( ftthe disease wvere 4°C ard 891 , recorded 
it 0700 i. ard 26 C and 771'- it 1300 h. Maxiutmrr irltectiot was observed f'ron 13-26 Feb. 
during liehich period tile neat tenrperat Lire range d from 17 to 28'C. and RII f'ront 70 to 
97c-. 

Ongfoing studies 

l)uring tile 1992,93 t ropping seastn tire ftllowing four experiernts are being conducted: 
* 	Screening of chicki,.,;, lines fIor resistance to B(IM. 
" 	Integrated manageiner, of, BGM in chickpea, using wiJe row spacing (60 cm). seed 

treatment (Bavisti " - hirani). 1li ar Spray 03a\ istin"), use of tolerant variety ICCI
87322, intercrpping wilh linseed, and a combintion of these treatrtens. 

* 	 Effect ot dale oftstm in' :11d orowlh hhabit on tile incidenice otf Gw. Ti, includes four 
da.tes o 'owig atI -dL, ilelrals., starlin Italit Ireatentills andM itt early Novetber, as 

live cUrtItivars ias SuLbreairerits.
 

* 	Effect ofIplant spacing antd rltar sprays with fungicide itt BGM control. This includes 
no spray/fliar spra. of Ronilair" ot one tolerant and one susceptible cultivar as main 
treatments. Sobhtreatitterrnts incllde two spacilrgs (60 and 40 cm) and two paired rows at 
45:15:45 and 60:40:60 cii. 
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Future prospects 

Recently. research on pulses has received excellent support through the CDII, and facilities 
for breeding for disease resistance are being strengthened. A mist irrigation system is 
being installed in the BGM nursery. These developments will enhance our capability for 
effective screening against BGMI and other diseases. We hope to increase the breeding and 
management efforts to minimize the threat from this disease to the production of chickpea. 

Present Status and Future Research Outlook for
 
Botrytis Gray Mold - a Potential Threat
 

to Chickpea in Pakistan
 

B.A. Malik, S.M. Ilbal, and NI. Bashir' 

Chickpea occupies 72'c of' the area under pulse crops in Pakistan. Although improved 
chickpea cultivars have yield potentials of 4-5 t ha , the actual Nield is only about 0.5 t 
iaj. The gap between potential and actual yield is due to biotic and abiolic constraints. 

Among the fungal diseases, ascochyta blight and botrytis gray mold (1BGM) are potentially 
important. 

Occurrence of disease 

Botrytis gray mold of chickpea occurs sporadically in chickpea growing areas, particularly 
inthe early-sown crop. An epidemic during 198081 in Punjab state resulted in substantial 
losses (NARC 1981), but since then no severe outbreak has been observed. The disease 
was also observed on chickpea and lentil in off-season nurseries in the Kaghan valley 
(2200 nio. 

Survival of the pathogen 

The pathogen has a wide host range. Under natural climatic conditions in Pakistan, BGM is 
more serious on lentil than on chickpea. Botrvtis cinerea survives inthe seed and on 
infected crop debris. 

I.Nalional Agricultural Research Cenire, Islamabad, Pakisian. 

19 



Importance of climate 

The disease requires higher temperatures (24-26'C) and humidity (90%) than does as
cochyta blight, which appears earlier in the season. It has generally been observed at the 
National Agricultural Research Center (NARC), Islaniabad, that ascochyta blight starts 
appearing in chickpea and lentil in the last week of February or first week of March, 
whereas BGM starts appearing in mid-March or April. and causes serious crop damage 
when Iiumiid conditions prevail tor a long period. 

Host resistance 

At present BGN ik not considered a serious problem on chickpea in Pakistan, and so only 
very limited work has been done to identify sources of resistance. During 1980/81 (NARC 
1981). 1104 chickpea genotypes were sown at Islanabad, Tarnab, Faisalabad, and lahore 
for screening against foliar diseases (ascochylta blight and B(;M). None was resistant, but 
NEC 138-2 was tolerant to the disease. -rect type chickpea genotypes appear to be less 

susceptible than spreading types. 

Chemical control 

Preliminary in vitro evaluation of' 14 fungicides against B. cine/ca was carried out using 
po isoned food techniques (Nene and Thapiyal 1979). Most tf tile fungicides signiicantly 
inhibited growth of tlie fu ng us; cotiplete inhibition was observed with Benlate" and 
Tecto-60". Promising fungicides will be evaluatCd under field conditions. 

Future outlook 

No chickpea cultivar with high level resistance to 13GM is as yet available. Integration of 
such disease management strategies as reducing plant density, riodifying inoisture levels 
in tie crop can';py, intercro p pin.,,i cht.,ging sowing date, seed treatment, crop rotation, and 
renioval of debris should help reduce the disease in the field. Therefore, agronoiists. 
climatologists, breeders, and pathologists must work together to develop appropriate dis
ease inianagenent strategies. 
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Breeding for Botrytis Gray Mold Resistance 
at ICRISAT 

S.C. Sethi, Onkar Singh, and tI.A. van Rheenen' 

At ICRISAT, breedimg tOr botrytis gray mold (13GMI resistance in chickpea started afler 
the disease CpidCtiiics of 197980 and 1980.'X1 in Pakistan and northern Irdia. We have 
been coltaborating since 1985 with (;.1. Pant University of Agriculturc and Technoflogy, 
Pantnagar, in screening tor B(M resistance. Segregating populations, single plant pro
genies, and advanced breeding lines have been screened at Pantmigar. This las enahibled LIs 
to incnorporate fieli resistance ili the adapted backgrounds, aitltoghI highl levels of resis
lance have not so fur been achieyed. The foIilh li apprtoaches are suggested IOr tie 
improverent of BGM reistan,:c ill cultivated C'jT. 

Breeding 

A fter tie initial crossing ar(ong ad;apted ard disease-resistant parents, i populiations are 
screened in wilt-sick plots at ICRISAT Center. Patarichern. The. after. F,'F bulks are 
screened in the 13GM screening nursery at Partniagar. Single plant progenies are further 
screened in the F4iF. generations inl this nursery. The F.,,I:", tirogeiy bulks are evaluated 
for yield in normal fields using appropriate controls. Superior breedin lines are evaluated 
in regular yield trials and their disease reaction is further conlirred il the BOiM nursery. 
Details of breeding materials screened at Pant nag; r fron 19899( to 192 93 are given ill 
Table I. 

Table 1. ICRISAT breeding materials screened in the Collaborative Botrylis Gray 
Mold Screening Nursery at G.B. Pant University of Agriculture and Technology, 
Pantnagar, 1989-1993. 

Number of lines screned 

Breeding materials 1989/9(0 19/9( /r1 199192 1992/93 

F, bulks 25 14 17 -
F,/F. bulks I - I I 
F4 progenies 98 71 87 367 
1-/6 progeny bulks - 114 53 -

F. progenies I14 - tO 38 
1-,6 progenies 34 - - 33 
Advanced lines - - 12 37 

t. ICRISA'., Patancheru, Andin Pradesh 512 32.1, India. 
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Two hundred and sixty-eight progeny bulks selected alter screening at Pantnagar were 
tested in nornmal fields at Hisar in tile 1991/92 season. Only 24 progeny bulks exceeded tile 
average yield of the best control. Of 23 entries tested in replicated yield trials, 16 entries 
exceeded the control yield. 

ICRISAT scientists have collaborated closel v with national scientists in NL.pal, Ban
glades. and India in developing lines resistani Ito BGM. Some of the moderately resistant 
lines identitied ill India are ICCVs 88101, 88103, 88510, 89307, and 89445, and ICCI. 
87322. We Iave recenlly devehloped a con troled.environmen growth room acility at 
ICRISAT Center, in which chickpea materials will be screened in Ilture. We will be able to 
screen large nuuIbers 4f pltls ill Luick succession, thus sup)lemenling tile field screening 
at Panliagar. 

Geruiplasni enhamncement 

A scheme to pyramid [,GM-resistant genes from different sources to increase the overall 
level of resistance is presented in Table 2. It involves crossing "arious moderately resistant 
genotypes, screening large FiI' , )opUlations, selecting resistant types, and intercrossing 
the resistant lypes to enhance resistance levels. We have generated F, )o)pulations of four 
single crosses (ICC 5035 x ICC 6306. ICC 11874 x ICC 12961, ICC 12963 x ICC 15973, 
and ICC 15993 x ICC. 87322) and two double crosses among these. These will be 
screened ii the growth room in 1993,94. Resistant plants will be utilized in making fumrther 
crosses to generate material ftbr further cycles of selection. 

Interspecific crosses 

Three accessions of the wild species C. bij'ugi (ICCWs 41, 42. and 91) are resi.stant to 
BGM. As crossing between chickpea and C. bijugmn is diflicult, biotechnology must be 
used to transfer genes from wild Cicer to Cicr ari'tinum. 

Plant type 

Genotypes with erect ICCI. ICCL H arehabit (e.g., 86237, 87322, and 89-167) less 
vulnerable to BGNI because of their open canopy. Therefore, selection for such types with 
high yield polenlial nmay help to overcome the problem. 

Cold tolerance 

Cold-tolerant genotypes that can flower early and set pods through the cold season may 
escape BU(M daniage. Tolhrance to cold coupled with early flowering could check exces
sive vegetative growth and lead to early completion of pudding. A number of cold-tolerant 
lines have been developed and these should be tested in BGM-endemic areas. 

Mutation breeding 

Seed of chickpea variety ICCV 6 was irradiated and the M 2 and M. populations were 
screened in BGM screening nurseries at Pantnagar (India) and Ranipur (Nepal). These 
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Table 2. Scheme for enhancement of resistance to botrytis gray mold in chicjpiea 
germplasm. 

Season Activityl 

P XP2 P 4 P P7 x× P 

2 F, x F, F, x F,
 
(80)2 (80) 
 (80) (80) 

3 F 2 F,' F1'F 2 F 2 F 2 
(4000) (160). (4000) (4000) (160) (4000) 

x -" 

4 F3 F2 F. Fi" F3F3 F2 
(400) (8000) (400) (320) (400) ( )000) (400) 

5 F 4 F 1 F 4 1:2 F4 F 3 F 4
(8) (400) (8) (16000) (8) (400) (8) 

6 8-x F 4 8-x F3 8-x F4 8-x 
(8) (400) (8) 

7 8-x F4 8-x 
(8)
 

8 8-x 
I. F, - Single crms,. F,' - s F," -sa, ss.4-ka cross. - i'c 


8-x these 8 selected il's arc inductedl hf eit itehI g h111itie,cor.ireshpndiig Io file i,tlvitis P1 .. P,.
 
Tis schetie results in 7 aliin stirellS. ' Single (OsS. 2 dhOble crisSWS. I ichiS.
 

At any tillie alter lie It ',tet.ilg. p li elcted segicg llati
etarciz crintii e from ic ii ltit iso hnr ciisenti nal 
breeding ir to Iniiate anlither c'clc under thids ,t:icc. 

2. Figures inIpareittheeS reler Ii It111i1titbef 1)lt1ts I11t'pctti,,e gC[nlIt11its. 
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first efforts to use mutation breeding for BGI resistance improvement were not success
ful, but we suggest that they be continued. 

Late sowing 

Late sowing checks excessive vegetative growth, and consequently 13GM incidence/sever
ity. Genotypes with specific adaptation to late sowing are being bred in various programs, 
and can be tested for tolerance to, or escape trom BGNI. 

Botrytis Gray Mold of Chickpea: Progress on 

Breeding for Resistance at Pantnagar, India 

I.S. Singh I 

Chickpea is the most important grain leg time in India, both in area cropped and in 
production. Botrytis gray mold (I3GNI) disease Cl be quite devasidting to chickpea crops 
in northern India, Bangladesh, and Nepal. In the last few year.;, research collaboration 
between G.B. Paint University of Agriculure and Technology (GBIUAT) and ICRISAT 
has helped to develop reliable field techn itltcS to screen chickpea geriplasm fOr resistance 
to BGM. Studies involving crosses with B3GM-resistance donors have also enabled us to 
determine the mode of inheritance of resistance. Diseaise reaction to B(GM in 1:. ,F and 
1-. generations has been showni to be Ulder in (O('Cl0ic Controt,riesistance being dlolinal 
over susceptibility (Chaur'edi and Singh 1991). What follows here is an accotunt of' the 
BGM resistance research %,orkcarried out ill Pantoagar during the 199) 91 and 1991/92 
seasons. 

Il 1989/90, lis of' two crosses (C 235 x ICC 103(02 and C 235 x ICC 1069) %\eremade. 
These were space- ,,o\\n in 19t0'9t to obtain souflicicnl F, seed, which, \was then Slpace-sown 

in lie 13GM nursery at lPaltnagar. ()nly resistant plants were retained andl advanced to 

further generations. B(MN resistince being in nogenMiL dom1inall, it was simple to discard 

stsceptible plants. Resistant plants were individually harvested 10 be g'u- as plant 

progenies during tie 1992,93 season in the B.G N ntirursei . 
In addition, in 1990,91 IS of S.i\ crosses Were niade htween three high-yielding 

varieties (Avrodhl. Pb G. and I1( 239) and lwo litGM-resistance donors (ICC' 103012 and 

ICC 1069). These were space-sown in 1991/92 'or advancenent to F,. 
The variety ICCI. X7322 was identilied as a 13(NI-resistance donor il- iv.hICRISAvT-

GI3PUAT BGNI nursery at IPanlnagar. This was crossed in 1991,92 with three 
agrononically elite varieties, (;1 329. K 59, and l1)CG X4-1(0.;PG 

1.G.B. Pant University l' Agricuture aind Technoltihgy, mlali' --. thtar Pradesh 263 145, tldia. 
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Future strategy 

With the availability of moderately BGM-resistant chickpea lines, it is now possible, using 
the reliable field screening flicility at Pant nagar, to identify resistant plants in the breeding 
nursery. ICCV 88510, which has moderate resistance to BGM, isbeing crossed with newer 
high-yielding lines during the postrainy season 1992/93. Segregants from these crosses are 
expected to combine adequate levels of BGM resistance with good yielding ability. 
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Recommendations
 

The present work plan for the Bolrytis Gray Mold of Chickpea Working Group was 
developed during tile Second Working Group Meeting, held at Rampur, Nepal, during 
14-17 Mar 1993. The discussions took into account tile earlier work plan prepared at the 
Banglade sh eetirig ill 1991, and tile progress made since then. 

Appropriate research centers were identilied fOr each area of research. 

Surveys 

In Bangladesh. a survey of farmers fields was undertaken from 23 Feb to 3 Mar 1992, to 
identify constraints to the prodU tit of postruny seasoit pulses (chickipea, lentil, and 
latlhyrus). A systematic is needed obliiin information on BGMsurvey to distribution in 
Pakistan. Scientists were requested to organize surveys to determine tile extent of losses 
caused by BGM in their countries. 

The need for funds and manpower (expertise) was identified to allow disease surveys to 
be conducted in Nepal, Pakistan, NIvanniar, and India. 

Screening for resistance 

Field screenin, of c11ckpea for BGM resistance nits been standardized, and disease 
screening nurseries are in operation at Pantnagar (India) and Ishurdi (Bangladesh). The 
present location (IRampur) in Nepal was felt 10 be unsuitable fOr BGM screening because 
of soil acidity and associated nutritional problems. It wis reco;nunended that i suitable 
location (Blmhairahwa Palt-/illpur) in Nepal should be identilied. 

Jessore (Bangladesh) and l)hOli (India) were identfied a; sites for field screening. 
Facilities for screening under coiitrolled conditions are available at ICRISAT Center, 

Patanchert,. ICRISAT i,hoUil take ill) systeiMatic screening of chickpea gerniplasm and 
should lacilitatie iexCh.,iane of promising material ,among nninibers of the Working
Group. Hw\\cr, there is a need to corielate the disease reactions in the field with results 
ftroni screeni and plant growthrooinis'greenliiises. 

Wild species 

Three accessions of Cicerbijugum were found resistant to BGM. Attempts should be made 
to transfer genes froi wild Cicer to Cicer arietinum. (Location: ICRISAT Center.) 

Multilocational testing 

ICRISAT has 'ormulated a chickpea BGM nursery. Other centers were requested to 
contribute promising lines to the nursery r mu Iti locat ional screening. (Locations: Pant
nagar, Iiho0i, ltid hiai a. Ishurdi, Jessore, Rampur (13hairahwa), and Parwan ipur; locations 
I'r screening are to be identified in Pakistan and Myannlar.) 
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Plant type 

Plant habit appears to be important for disease escape. In erect plants tileflowers are 
formed above the microclimate of the leaf canopy. Such escape mechanisns should be 
exploited. (Locations: ICRISAT Center, Pantnagar, Rampur, and Ishurdi.) 

Time of sowing 

Field experiments at Pantnagar and Ishurdi indicated that late sowing of chickpea reduces 
disease intensity, but also reduces yield significantly in normal years. Therefore, chickpea 
varieties suitable for late sowing should be identified and screened. (Locations: Pantnagar. 
Ishurdi, Rampur, and Islaniabad.) 

Spacing 

Normal or early sowing results in a thick canopy which may provide a suitable microcli
mate for infection and buildup of the inoculum. Wider spacing between rows could 
effectively reduce disease intensity and increase yield. With wider spacing, plats have 
less shelter/shade fron wind and sun. Leaves dry nore quickly and leaf wetness periods 
are reduced. Appropriate spacings (interrow and plant to plant) for chickpea cultivation in 
disease-endemic areas need to be worked out. (Locations: Pantnagar and Ishurdi.) 

Chemical control 

Several fungicides (Ronilan-V , Bavistin", etc.) w\'ere reported to be effective in controlling 
BGM of chickpea. However, the use of chemicals alone is not economical and their use 
should be integrated into an overall disease management prograli. (L.ocations: Ishurdi and 
Pantnagar.) 

Epidemiology 

A beginning has been made on some aspects of'basic epideniology research. 

Survival. Botrtis cinerea can survive in the seed and on host debris for at least one year. 
However, tilerole of infected seed and debris in epiphytotics is not known. Sources of, 
primary inoculum should be investigated. (Locations: tantnagar, Ishurdi, RaMpur, and 
Islamabad.) 

Microclimatic studies. It was recommended that wherever instruments were unavailable 
to monitor variables such as leaf wetness and canopy temperature, simple experiments 
should be planned. A susceptible chickpea line should be sown at different dates, and leaf 
wetness period and progress of the disease monitored every niorning. NIinilnum and 
maximum temperatures, RH, rainfall, and hours of sunshine fron mcteorological sites 
should be helpful in our efforts to understand disease developnient. Environment x ge
notype x pathogen (Ex G x P) interaction studies may be conducted in controlled environ
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ment at ICRISAT Center. ICRISAT nicroclimatologists should be requested to associate 
with pathologists to plan these studies. (Locations: Pantnagar, Ishurdi, and Rampur.) 

Pathogenic variability 

There are both sclerotia- and nonsclerotia-prodtcing isolates ot B. ciner'a in nature. Work 
initiated in Nepal shouIld be continued to understand the pathogenic variability among 
these isolates. (Locations: Khumaltar and Pantnlgar.) 

Disease rating scale 

At present a 1-9 point scale isused to measure the disease in the field. This scale needs to 
be inodified for el ideniological studies (quantitative oreasui enient). 

Training 

ICRISAT was requested to condict in-country train ing proorams on 13GNI of chickpea in 
Nepal and 13angladesh. The training progams should cover loss assessment studies, 
screening tcChniques, and IcasoUrement of" incidence/severity o1 the disease in greenhouses 
and in the fieldf. 

Botrytis Gray IoI o" Chickpea WVorking (Group 

The Grounp feIt that other scientists working oin 1.IN of chickpea should be identified and 
kept informed a1 Lrut tie ictivites Of' the Wolkl2 r ( tollp. It was felt thtat tile Working 
Group wouIld be most effective with rcgular meetings and continuity in attendlance.

It was also agreed rhiat resea ch work should be strentleted in the coontr es con
cerned. The Cereals an(d Legumes Asia Network (CLAN) was requested to identify fund
ing sources fo r laboratory cq iprillet rid ficld supplics (Rampur and Ishurdi) and training 
(Nepal, Pakistan, 1I aInglaIe sht, ind Nly:r inar), to support research on BGN of chickpea. 
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Ishurdi, Bangladesh, May 1991. Participantsat the first meeting of the BGM of Chickpea Working Group. The 
ongoing resistance screening/breedingprogram at Ishurdi is being strengthened with additionalfunding and new 
equipment (such as a mist irrigationsystem for the BGAI nursery). 
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Field evaluation ofthe BG1 nurseryby delegates at the Second W1'orking Group meeting, Rampur, Nepal, March 1993. 
Researchers have worked at Rampur since 1990 on various aspects of BG11 of chickpea. Additional studies have now 
been proposed, specifically on epidentiology and disease nanagement. 
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