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ABSTRACT 

Chickpea (Cicer arietinum L.) belongs to the family Fabaceae is the most 

important pulse crop of Pakistan, which is grown as a post-monsoon cool-season crop. It 

is infected by many diseases but blight caused by Ascochyta rabiei (Pass.) Lab. is 

considered to be the most devastating disease. During field survey, it was observed that 

blight was a common disease in the major chickpea growing areas of Punjab and North­

West Frontier Province (NWFP). The maximum disease prevalence, incidence and 

severity was found in the districts of Rawalpindi in Punjab whereas in the district of 

Karak in NWFP. The lowest disease prevalence was recorded in Jhang (Punjab), and in 

Dera Ismail Khan (NWFP). Disease prevalence was the highest in the northern sub­

mountainous region where rainfall and temperature were conducive for disease 

development during crop growing season. 

Forty two isolates of A. rabiei representing all areas of chickpea of Punjab and 

NWFP were collected for pathogenic variability. The isolates exhibited variation in 

morphological and cultural characteristics. Two clusters were observed using UPGMA 

(unweigthed pair group method average) that was able to separate A. rabiei isolates on 

the basis of aggressiveness. The virulent isolates gave same intensity of infection, 

whereas others were observed with varying degrees of infection. Multivariate analyses 

were able to distinguish isolates on the basis of virulence rather than origin or 

morphological/cultural characterization. The susceptible differentials (C727, ILC 263, C 

44 and CM 72) were identified but no variety could be established as resistant that might 

be due to complex nature of A. rabiei. Clustering pattern indicated the exchange of 

breeding material and disease cultures among the researchers or high heterogeneity in the 

isolates. 

Two isolates of A. rabiei representing the most aggressive and the least aggressive 

revealed variations in their pathogenic reaction. Significant differences among chickpea 

genotypes were observed for their response to isolates regarding disease development. Five 
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varieties, C 727, C 44, Noor 91, Punjab 91 and lLC 263 exhibited high degree of 

susceptibi lity. Two genotypes. Dasht and Balkasar showed resistance to both the isolates 

when applied either alone or mixed in 1: I ratio. The aggresSiveness of the mixture of these 

two isolates was reduced to the level of the least aggressive isolate. 

The relationship of disease factors such as inoculum potential, phmt age. effect of 

leaf wetness and latent period with blight pathogenesis, revealed a linear relationship 

between disease severity and inoculum concentration. Inoculation of chickpea cultivars; 

Punjab 9 1 and C 727 at different physiological stages from 2 to 12 weeks (the seedling to 

the reproductive stage) revca led that 2-wccks old sccdli ngs were more suscept ible to 

disease than the adult plants. This suggests to screen large nurseries at seedl ing stage and 

then only tolerant lines to screen under field conditions. Effect of leaf wetness and 

incubation period on the disease development revealed tlml 2-3 days incubation period 

coupled with 1-2 sprays a day had a pronounced eITect on disease development. 

In order to identify the sources of genetic resistance to blight, 824 chickpea 

gemlplasm accessions were obtained during 1994 to 1996 from national and intemational 

research sources and were evaluated under greenhouse and field conditions for three 

years. None of the genotypes was resistant at pod fonnation stage during all the three 

years except thirty seven du.ring 1994, seventy two during 1995 and twenty one during 

1996, which were moderately resistant. Chickpea genotypes, ILC 72, fLC 3279, ICC 

3996 and NlFA 88 were found highly resistant both under field as well as greenhouse 

conditions. Disease at seedling and pod fonnation stage exhibited high association 

although level of infection was higher at pod fonnation stage. 

A relationship of morphological traits viz; number of hairs on dorsal and ventral 

sides of leaves, number and size of stomata, guard cells and stomatal aperture with blight 

resistance of six chickpea cultivars having different level of blight tolerance was studied. 

No relationship oflhese morphological traits with resistance was found. 

An experiment was conducted to detcnnine the relationship of chickpea genotypes 

towards blight disease reaction on the basis of biochemical markers (seed protein) of 
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chickpea. Seed pmteins were analyzed through slab type SDS-PAGE using 11.25% 

Polyacrylamide ge l and 6 III of sample quantity, Most of the genotypes were grouped 011 

the basis of disease reaction and in-vitro fungus growth but no association between 

disease and SOS-PAGE was observed. Out of twelve 80S-PAGE markers. 6 were 

polymorphic. The genotypes with similar banding patterns can to be lested by 2-D 

electrophoresis and DNA markers. Cluster analysis revealed mixed grouping of 

susceptible and tolerant genotypes that indicated no response for classi fying chickpea for 

disease reaction on the basis of SOS-PAGE. A low level of genetic diversity was 

observed among 57 genotypes although those originated from diverse sources. As 80S· 

PAGE alone did not exhibit high level of variation and disease rating was more reliable 

than protein peptides, but simultaneous study for both aspects (d isease and biochemical 

analysis) suggested. 

Seven eultivars ofehiekpea (C 44, C 727, CM-72, Dasht, Parbat, NlFA 88 and Punjab 

91) were tested to study the genotypic response to Ascochyta blight and yield losses. 

Disease severity index of the cultivars ranged from 44 to 82%. Maximum disease at 

vegetat ive stage was recorded on C 727 followed by C 44 and Punjab 91. Minimum 

disease at vegetative slage was observed on Dasht. Pod infection varied from 17 to 90% 

and was the highest on C 727 and least on Dasht. Minimum (2%) and maximum (42%) 

seed infection was in NlFA 88 and C 727, respectively. Comparison of data on pods per 

plant, seeps per plant, 1 OO~ seeds weight, yield per plant and yield per ha. from healthy 

and diseased conditions revealed that the disease caused more losses to C 727, C 44 and 

Punjab 91, whereas Dash! and NIFA 88 were moderately resistant to blight with 

minimum loss of yield and yield components. 
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CHAPTER-l 

INTRODUCTION 

Chickpea (Cicer arietinum L.), a self-pollinated crop, belongs to family Fabaceae 

and monogenic tribe Cicerae, is a major pulse crop of Pakistan. It is grown on an area of 

971,800 hectares with annual production of 464,500 metric tones of dry seed 

(Anonymous, 2001). Pakistan ranks second in the world in area and third in production 

of chickpea. It is an important source of protein-enriched human food and animal feed 

particularly for the population of Southeast Asia, besides helping in the management of 

soil fertility of dry lands (Suzuki and Konno, 1982). It has also multiple functions in the 

traditional farming system in developing countries (Saxena and Singh, 1987). It is a 

subtropical crop, which is drought-resistant and grows most successfully in cooler and 

dry climates. In Pakistan and other countries of Indo-Pak subcontinent, it grows best as a 

post-monsoon cool-season crop. Depending upon the varieties and environment, it takes 

90-180 days to mature. 

Two groups are recognized within cultivated chickpea. Kabuli cultivars which are 

common in the Mediterranean region and in the North East. They are tall with white 

flowers and produce large rounded seed usually pale cream in colour. Desi (local) 

cultivars are relatively short, some times prostrate, commonly with anthocyanin 

pigmentation in flowers and stems. They produce small, irregularly shaped seeds of 

various colours (Allen, 1983). Production of chickpea has either remained static or 

declined over the past decade (Fig. 1.1). Among various factors contributing towards its 

low production, biological constraints, particularly diseases, are the most important. Of 

several diseases affecting this crop, blight caused by Ascochyta rahiei (Pass.) Lab., 

teleopmorph Didymella rabiei Kovacheveski is the most serious. It is known to occur in 

almost all countries where chickpea is grown (Nene, 1982). 

Epidemics of ascochyta blight of chickpea have been recorded since the early 

1900s in many countries. However, the knowledge pertaining to epidemic outbreak is 
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Fig. 1.1: Area and production of chickpea in Pakistan 



lackmg Several factors are required for epidemics. Including, the presence Ilr nU1l1t.:IOU~ 
susceptible host plants. enough inoculum of viruicni isolates of the pathogen and climallc 

conditions favounng lor disease devdopll1cnt OVCI a pCllud ur tUlle A number 01 

epiphytotics of Ascochyta blight have been repolled III PHkistan (A';\am Il)~ ·j) The 

disease caused heavy lossc$ to the chickpea crop dUring the eplphytn tlc )'c;lrs ()f 1979. 

1980, 1980-8\ and I Q8 I -82 reducing chickpea production by 48, 4/J and 4Mo 

respectively. causing loss of US$ 158 million to chickpea growers (Malil. ami Bashir. 

1984, Midik. 1(86) The shonfall s in domesti c supply of chi ckpea during the blight year::,. 

were met th rough imporL of 282,000 metric tones of pu lses worth US$ 88.9 mill ion n'olll 

1980 to 1983 (Malik, 1986). 

Chickpea is a self-pollinated crop. lherefore, it s resistance seems 10 be sim ple but 

due to complex natlJre of genes involved in breeding to r di sease resistance. has not been 

fully explored, A number of research studies have been undertakcn a ll multi lateral 

aspects oi"t he disease in various parts of the world in order to understand and manage the 

disease. Different parameters have been explored including severi ty. pat hogenicity. life 

cycle, disease cycle, epidemiology, breeding for resistance as well as cu ltural and 

chemical control of chickpea blight (Kaiser. 1973. 1992. 1(84). A few studies on the role 

of organic acids. supposedly the contributors of host resistance were also made (Pandey 

L'I ell, 1986, 87) Investigations on the productiun or phenolic compounds by chickpea 

cult ivars were conducted by Alam ttl al. 1989) Rnd I-Iohl c:1 al. (1990) . Role of mineral 

elements in determining the magnitude of host resistance 10 Ascochyta blight was 

determined by Randhawa ( 1994). 

In Pakistan, resistant varieti es contributed to some exten t to the im provement and 

stabi lity of chickpea production. Since 1972, C 44, eM 72, N I FA 88. Pb 91. Piadar 9 1, 

Karak I. eM 68. Dasht . Parbat and Buksar and Bittle have been released as resistant 

varieti es. Most of these va rieties became susceptible wi thin a Sh OI1 spa ll of lime Thc 

breakdown of geneti c resistance may be att ributed 10 the genetic va ri;lbilit y In the 

pathogen (Qureshi and Alam, 1(84). 

Although a 101 of effons have been done to manage Ascochyta blight by vnnous 

means yet serious gaps in knowledge are to be filled regard ing the genetic mal1ipulalio11 
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of hosl plant for resistance against blighl and pathogenic va riabilit y in A. ruhlel lienee. 

the study was Initiated with the following objectives; 

u Survey of chickpea production areas of Pakts!ttu 10 assess blight prevalence, 

incidence and severi ty. 

u To study the pathogenic variability among isolates of Ascochyto rabll':l. 

u To determine the factors favouring blight development. 

u To evaluate the response of chickpea breeding lllaterials and cultivars against 

disease under greenhouse and field conditions. 

v To determine the effect of morphological and biochemical characters towards 

di sease resistance. 

u To investigate the effect of blight on yield of chickpea. 

CIIICKI'EA PRODUCTION AREAS OF PAKISTAN 

Chickpea is grown under three cropping systems (i) min/ed system which 

constitu tes 88% of the lolal chickpea area, where il IS grown n~ II pure 01 1111)..t=d wll h 

other CI'OpS. (ii) rice-based system const itutes II % of the lolal area and IS growl! all 

residual moisture ancr ri ce harvest. and (iii) irrigated system which constitutes only 1% 

of the IOtal area . Eighty seven percenl of the chickpea is grown on sandy 10 loam so il and 

I J% 0 11 clay to clay loam so ils (Haqqani e( (1/. , 2000). Major part of chickpea production 

comes from rai nfed system. with frequent fluctuation from yenr to year. 

Major chickpea producing area in Pakistan is Thai that contributes about 80% of 

total chickpea production (Fig. J .2). Thai includes Khushab. Mianwali, Bhakhnr. Leiah 

and Jhang districts in the Punjab Province and Dera Ismail Khan , Bannu and Karak 

districts of North-West Frontier Province (NWFP). The climate of these district s is ha l 

and windy during summer and mild in winter. On the basis of' long term data (more than 

20 years) obtained from Khushab, Dera Ismail Khan and Mullan distri cts located in Ihe 

vicinity of ThaI. average annual rainfall varies fr0111 261 mill to 385 mOl III the northeaSI 
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Fig, 1.2: Chickpea growing areas in Pakistan (Source; Government of Pakistan 1999-2000 



and around 169 mm in the south The annual rainrall rollows a bl-model paltern. with 

about 70% of total rainfall occurring in Slimmer (Khan 1'1 (II . 199 I) 

Soils of Thai area in Pakistan are mixed calcareous alluvium. which were 

deposited by the Indus, Chenab and Jhelum rivers Almost tIlL! entire area IS undulatmg 

sand dunes wilh interdunal vall eys. The soil on duncs is sandy and I II tht;: valleys ii> 

loamy. There are flood plains near the banks of Jhelum and Indus rivers (Directorate of 

Soil Survey, 1968). In Sindh Province, chickpea is mainly grown afler rice in ShlkitrplJr. 

Jacobabad, Sukhar, Larkana and Nawabshah districts. The climate of this area is very hot 

and arid. The soil s are sandy. loamy and clayey floodplains . Maximum temperature 

during chickpea growing period is 20_37oC and minimum is 6_ 17°C. In POl hohar region 

(Rawalpindi , Chakwal , Jhelum and Attock districlS) rarmers have abandoned chickpea 

cultivation since 1980 due to susceptibility of the existing cu1t ivars to AscocilYla blight 

Since 1994. chickpea cu ltivation in Pothohar region has been restored and the area is 

increasing every year due to introduction of blight resistant cuhivars Annual 

precipitation in thi s region varies from 400 mm to 1000 mm During chickpea crop 

season maximum temperature ranges from J 9 to 35 C and the minimum 2- J gjl C. 
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CHAPTER-2 

REVIEW OF LITERATURE 

2.1 INTRODUCTION 

Chickpea (Cieer arietinum L.) is the second most important cool season food 

legume crop in the world after dry peas (Robertson et aI., 1995). Most probably, it 

originated in the area of Southeast Turkey and adjoining Syria (van der Maesen, 1987). 

Large-seeded chickpea was prevalent around the Mediterranean basin, whereas the small ­

seeded ones predominated eastwards (Vavilov, 1949). Chickpea is a self-pollinated crop 

belongs to family Fabaceae and to a monogenic tribe Cieerae. 

More than 50 pathogens have been reported so far from different chickpea 

growing countries (Nene and Reddy, 1987). The most important diseases of chickpea 

include, Ascochyta blight (Aseoehyta rabiei (Pass) Lab.), wilt (Fusarium oxy.~p(}rum 

Schlecht. emend. snyder. and Hans. fsp. eieeri (Padwick) Synd. and Hans), dry root rot 

(Rhizoetollia batatieo/a (Taub) Butler)= {Macrophomilla phaseolilla [Maub]. (Ashby)} , 

black root rot (Fusarium so/ani Mart. (Apple & Wr.), grey mould (Botryfis cinerea Pers. 

ex Fr.), Phytophthora root rot (Phytophthora meqasperma Drenchs.), Pythium seed and 

seedling rot (Phythium ultimum Trow.) and stunt (Pea leaf roll virus) . Among all the 

diseases, Ascochyta blight caused by Aseochyta rabiei (Pass.) Lab. is considered to be 

one of the most devastating disease (Nene, 1982). This disease has been reported from 35 

countries of the world (Haware, 1998). It has been reported from Afghanistan, Algeria, 

Australia, Bangladesh, Bulgaria, Canada, China, Colombia, Cypress, Egypt, Ethiopia, 

France, Greece, Hungary, India, Iran, Iraq, Israel, Italy, Jordan, Kenya, Libya, Mexico, 

Morocco, Pakistan, Portugal, Romania, Spain, Sudan, Syria, Tanzania, Tunisia, Turkey, 

USA and the former USSR (Nene and Sheila, 1992; Nene et aI., 1996; Khan et aI., 1997 

a). This disease blight is also known as chickpea blight, gram blight, ascochytosis., 

anthracnose, rabia or scorch of chickpea. It affects above ground-parts of the host plant. 

Didymella rabiei (Kovachevski) vs. Arx (syn. Mycosphaerella rabiei Kovachevski) is the 
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teleomorph stage of thi s fungus (Wilson and Kaiser, 1995) 

2.2 I'RODUCI'ION LOSSES 

Ascochyta blight can cause serious yield lo~s in chid pea (Bcnloch. I Q·II. Biggs. 

1944, Kaiser, 1972, Kauser, 1965; Malik and Tufail. 1984, Porta-Puglm alld ('flllO, 1993, 

Radulescu el ClI., 1971 ~ Singh and Reddy. 1991; ZaJpoor, 1963). In Morocco, the disease 

has caused up to 100% yield loss in wet conditions in 1929 and the whole crop was 

destroyed in 3 days under optimum condition (Labrousse. 1930; Neergard. 1977) In 

Azerbaijan, A. rahiei attacked all cultivars and yield loss of 15 to 83% occurred In 

conducive climatic conditions (Askerov, 1968) In India, 25-50% of the crop loss had 

been reported (Saltar, 1933). 

In Pakistan, the blight appeared in epidemic form during 1978-79 and reduced 

production by 17% (Malik and Turai!, 1984). It appeared again in 1979-80 and resulted in 

48% reduction in total chickpea production. According to Kovachevski ( 1936) 20-500/0 of 

the crop was lost annually in Bulgaria. In Dnepropetrovsk region of USSR, blight was 

severe in 1956, sometimes causing 100% Joss (NemJienko and Lukashevich. 1935) In 

Greece, 10-12% damage was reponed during 1957-58 (Demetriades f.'( 01 , 1(59) Puenu 

Romero (1964) found that in different provinces of Spain, the reduction in yield varied 

from 25-100% due to blight . Georgiou and Papadopoulos (1957) found significall1 

economic losses in Cyprus. Mlaiki and Hamid (1984) reported that in Tunisia Ascochyta 

blight reduced yield by 40%. Benloch (1941) and Grewal (1975) have reported epidemics 

of disease. Yield losses caused by Ascochyta blight are inevitable with susceptible 

cultivars. and may go up to 100% on a worldwide basis (I-Iawarc. 1998). Under epidemic 

conditions (high humidity, windy and rainy weather), 100% yield losses can occur within 

three weeks. 

The incidence and severity of Ascochyta blight varies from crop to crop, year to 

year, and from one geographical area to another, depending on host, pathogen and 

environmental conditions. In wet seasons, substantial yield losses are likely 10 occur, 

whi lst in dry season losses wil l·be minimal . 



2.3 SYMPTOMS OF BLIGHT DISEASE 

Descnptioll'1 of disease symptoms reported In diOerent CQumncs nfe rt1n,lIkabh' 

simlfar (Nelle, 1982) Primary infection results In dark brown lesions itt the collar region. 

which valY in size depending on chmatic conditions, and result:> HI dam(llllg-oll t Nene 

and Reddv. 1987). Infection by airborne Inoculum resuit s in small, necrotic specks in the 

young developed leaves Under optimum conditions, the specks rapidly enhuge and 

coalesce, resu lting in necrosis of you ng leaves and shoals wit h numerous pycnidia in the 

infected area (Nelle and Reddy, 1987). Necrosis progresses downwards most rapidly in 

suscept ible cu lt ivars and kilts the whole plant. In cases of severe f'olinr infection, [he 

whole plant may become dry. Under conditions adverse for di sease development, the. 

symptoms are restricted to circular spots with grey centres and brown margins (Nene and 

Reddy. 1987). 

Generally symptoms include circular, brown spots on leanets and pods. 

elongated, irregular lesions on stems and petioles and stem breakage at the point of 

infection. Pycnidia on the lesions are often concentrically arranged Characteristic 

concentric rings of black pycnidia are common on infected pods. The rungus penetnues 

the pod wall and infects seed fnfected seeds have irregular patches of brown 

discoloration (Nene and Reddy. 1987). Symptoms of chickpea blight caused by A.ruhfC,.'/ 

are shown in Fig-2 1 

2.4 BIOLOGY OF THE PATHOGEN 

The causal fungus of Ascochyta blight of chickpea was first named as Zyml/w 

tahiei by Passerine (pre- I 890), based on unicellular and hyaline pycnidiospores (Khune 

and Kapoor, \980). Subsequent researchers disagreed with Passerine's findings : Comes 

( 1891) identified the fungus as Ascochy/a pisl Lib., and Prillieux and De1acroix (1893) 

named it Phyllos,;clll ciceri"a (Khune and Kapoor. 1980). Trotter (1918). after studying 

Saccardo's material, concluded that the fungus was not a species of Ascochyta and then 

proposed the name Pyhlloslic:la rabiei (pass.). Later. Labrousse (1931a) suggested that 

the fungus should be called A.fcochyla rabiei because 2.4% of conidia recovered from 

inoculated plants were 2-celled. However, Luthra and Sedi (1932) and Auj la (1960) lI sed 
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Fig. i .l : Ascochyta blight symptoms on foliage and pods 



the name Phyllosl,cta rahu!1 and Khune and Kapoor (1980) suggested Ihal Ihe fimglls 

sbould he named PhOIllCl rabiei (Pass) because Ph()ma species can have 'i% of the 

pycmdiospores 2-celled However, A. rahie, (I'ass ) Lab IS now accepted hy the majOrity 

of researchers because Ihe fungus produces 2-A% single septate spores (I-tawarc. 1998) 

nlld by the International Mycological Institute (IMI) The A.mh/f!1 IS Ihe illllllIlOrph <lI1d 

DIYlllella rahre, was the preferred name for the teleomorph (Trapero-Casas and Kaiser, 

1992) 

The mycel ium of A. rabiei is hyaline to brownish and seplate (Reddy t:/ aI , 1992) 

The fungus is characterized by pycnid ia produced on infected ti ssues ancl on anincial 

media (Satlar, 1934 ). The pycnidia, which are visible as dark-brown, pin-head-li ke 

stnlelures in infected plan t tissues, are immersed, amphigenous, spherica l to subglobosc. 

and vary from 65-245 ~tm in size (Sauar, 1934). The pycnidial wall is composed of I 102 

layers of elongated pseudo-parenchymatous cells and the ostiole is 30-40 ~lf1l wide. 

Pycnidiospores (conidia) are hyaline. oval to oblong, st raight or slightly curved at one or 

both ends, Ilon or one sep tate, constricted at the septum when bi-celled, rounded al both 

ends, 3.5 x 10- 16 ~lm and fomled on hyaline. ampulliform phialides (Haware el aI, 

1986) 

Colonies on artificial media are nat. submerged, with sparse mycelium. whue al 

lirsl , becoming dark and fumaeceous on oat-meal agar (OM A), while on pOlato dextrose 

agar (PDA) at 20-250C they are creamy to pinkish al first, darkening with time (Nelle, 

1982; Nene, 1984). Pycnidia of A, robie; are tbrnlcd within 4-5 days and appear in 

concentric rings on art ificial media such as oatmeal agar (Reddy el 01., 1992), chickpt:8 

seed meal agar (Jan and Wiese, 1991). potato dextrose agar (Porta-Pugli a cl al . 19(6) 

and seed meal dextrose agar (Reddy and Kababeh. 1985). 

Bedi and Aujla (1970) reponed that on OMA medium pycnidia developed best at 

pH 7.6 to 8.6 at 201lC. Besides oatmeal agar medium, chickpea seed meal aga r medium 

has been found to be a good medium for the growth and pycnidial production (Kaiser, 

1973; Tripath i, 1985). Kaiser ( 1973) reported that maximum spore production occurred 

on 8% chickpea seed meal agar (CSMA), while mycelial growth was greatesf all CSMA 



or OMA al 15-20ue. Khalil and KJ18n (1986) developed a new medilJlll which "upports 

beller growth and pycnidial production. Under COllliJ\\I0US light, mycelial growth and 

conidial production Increased bUI zonation occurred in alternating light and dark periods 

(Kai<:er, 1973) At the International Crops Research Institute ror Ihe Semi-Arid Trol)l(;~ 

(lCRISAT), Nene (1984) conlirmed these observatiolls However, C'hauhan and Sinha 

(1973) found reduced sporulation on infected plants in a gla~s house under continu()us 

light. The incubation period varies between 5 and 7 days depending on the temperatures 

provided (Zachos el al., 1963; Chauhan and Sinha, 1973). It also varies with genotypes 

inoculated . Spore germination is improved in the presence of N/SO arid N/25 malic acid 

and carbon food. 

Ascochyta rahiei penetrates chickpea directly through Ihe cuticle and 

hydrothodcs, and spreads mainly in the apoplast (Kohler et 01 .• 1995). When the 

mycelium of A.rabiei grows in the leaflets towards the petioles, the mycelium is mainly 

found in the apoplast and in the cells of phloem, but rarely in the xylem The infection 

process leads to a total collapse of the chickpea plant tissues with extensive formation of 

pycnidia in concentric rings near the vascular tissue (Kohler e/ 01. , 1(95) 

A number of studies have demonstrated that the optimum temperature ror growth, 

pycnidial production and spore germination is around 2d'c (Bedi and AUJla. 1970, 

Chauhan and Sinha, 1973 ~ Kaiser, 1973; Maden el aI , 1975. Znchos ('I. ell. , 196.1 ) 

Temperatures below lOoe and above 3SoC are unfavourable to thc fungus (Chauhan and 

Sinha, 1973. Kaiser, 1973. Lulhra and Bedi, 1932). Maden el "I. (1975) reponed that 

pycnidia did not form at 4°C nor at 2SoC and above, and thai the colollies were pil1kish­

brown with zonation and maximum pycnidial formation in near UV light but ligh t pink. 

nuffY, without zones and pycnidia in darkness. The optimum tcmperature tor growth. 

pycnidial production and spore gennination is 20_22°C. whereas continuous light 

increases sporulation (Haware, 1998). 

2.5 PYSIOLOGICAL RACES 

The tcnll "race" describes a group that is genetically and oneil geographica lly 

distinct within a pathogen species; each race infects a different set of plant cu lti vars in a 
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consistent pattern On thc Inlernationallevel "races" are used 10 distinguish dine rences in 

pathogeniciTy (aggressiveness and virulence) among isolatcs of the fungus (Pona-Puglla, 

1992). Researchers have clas~ified A.rohlCl Isolates ;rllO pathogenic groups CUdupa t'l a/.. 

1998. Pona-Puglia, 1992; Khan "' al. 1999) and races (Pona I'ugha, 1992. GO""I, 1982. 

Reddy and Kababeh, 19858, Reddy and Kababeh. 1985b. Dul"r and Gurcan. 1992. 

Kaiser cl (II, 1992; Singh and Reddy, 1993a; Jami l el al .• !90S) Aner the release of 

resistant cult ivars such as ILC 482 and ILC 3279, which is slisceptible to only the 1110st 

virulent A.rabiei isolates, it is speculated that the most aggressive patholype evolved 

through the process of mutation in response to a change in host resi stance in the fi eld and 

was subsequently selected by the deployed host resistance (Udupa el aI, 1998). Udupa c!1 

01. (1998) demonstrated that RAPD and microsatellite markers reliably indexed the 

genetic pathotypc di versity in Syrian population of A.rahici. These markers can be used 

to monitor geographical distribution of pathogen diversity and to monitor changes in 

pathogen variability over time. 

The presence of Didymella rabie; is important to a chickpea-breeding programme 

because it is responsible for generat ing variability of the pathogen, creating potentia lly 

more virulent gcnotypes or A.robiei. In studies to determine the worldwide di stribution of 

the leieoll1orph , chickpea debris from Canada was JIlcuhaled under environmenta l 

conditions that favoured development of the teleomorph (Kmser, 1997). Both mating 

types MAT-l and MAT -2 were present and ferti le speudothecia developed on naturally 

infested chickpea residue from Canada, indicating the potential for sexual recombination 

of A.taMei. Chango ttl al. (2000) reported that the leleomorph of A talnd was the 

indication of development of new races. 

Luthra et 01. (1939) reported six different forms of A.tahiei namely A, 0 , C, D, E 

and F. Forms S, D, E and f which were biologically identical, differed form C 

morphologically whilc form A was nonpathogenic. Aujla ( 196'1) reported differences in 

cultural characters and pathogenic behaviors of II isolates 011 diflerent varieties or 

chickpea. Later, Bedi and Aujla (1969) suggested that the possible existence of 

physiologic races must be kept in view while testing breeding material for resistance. 

Kaiser ( 1973) found that isolates of A.rahiei from India, Iran, Turkey and Pakistan varied 
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greatly III growth rate., sporulation, colony appearance and pallJOgenicity 

Out of 392 lines tested by LUlhra cl al. (1941) three line~ namely Pois chick No!\ 

4732, 199 and 281 showed a higb degree of re~ista llce to A .ruhll'1 under 'varying 

environmental condi tions. These lines were named F-8, f· ·() and F~ I 0, respectively 

AJmlcd cl al. ( 1952) released a cultivftf C 12-34 (progeny of a cross between F-8 x Pb-7) 

as resistant 10 blight. II 10S1 ils resistance to blight in 1950-5 1 A new cullivnr C-2J"i \.\>8;) 

developed which also lost it s resistance in the epiphytotic year 1968, probably due to the 

appearance of a new race. The stud ies carried out at New Delhi, India (Salyavir and 

Grewal , 1974; Grewal, 1984) indicated that 13 morphological forms out of268 could be 

distinguished as two pathogenic races on the basis of disease react ion produced on Ih ree 

chickpea culti vars. Resistant reaction produced by cultivars 1- 13, EC-26435 and C-235 

against race-I represented by fast growing and less sporulating isolates . These cult ivars 

were, however, moderately suscept ible to slow growing and more sporulating isolates 

represent ing race~2, except isolate J· IO I which indicated resistant type of react ion on 

cultivars 1- 13 and C~235 and was dist inguished as a biotype of race 2 Pathogenicity test 

with 25 well-known blight resistant lines against race 2 showed that all of them except 

the highly resistant line 1528-1-1 from Morocco were moderately susceptible 10 race 2. 

The observations that cu ltivar C-235, previously thought 10 be resistant in Indin, was 

suscept ible to race 2 Indicates that race 2 is a newly evolved or introduced race (lr the 

pathogen. II is also probable Ihal the highly sporulating isolate of A. fllhll'1 reported from 

Iran may belong to race 2 of the pathogen (Kaiser, 1(73) 

In studies on pathogenic variability of A. rabiel conducted in Pakistan by Qureshi 

and Alam ( 1984), it was reported that isolate 4 from a fa rmer's field in Attock district was 

most virulent . Two cult iva rs (CM 72 and ILC 195) showed resistant reaction to Ihis 

isolate. Isolate 13 from Islamabad, originally isolated from cv CM 72, showed 

susceptible reaction on cvs. CM~ 72, C-44, Punjab- I and C -727 The least virulenl isolate 

was from lLC-200 to which only cvs. Punjab- I and C-727 were sllsceptible Cultivars C-

727 and Pli njab~ l were suscept ible and cvs. ILC- 195 and ILC-200 were resistant to all 

the eight isolates. Porta-Puglia e/ al. ( 1985) tested six isolates of A.rahlf!i Ii·om dilferenl 

Italian regions on 2 1 chickpea land races of International Centre ror Agricultural 

'3 



Research in Dry areas (lCARDA)/ halian region and observed the eXistence of complex 

behaviuor of the pathogen. Bashir cl 01. (1985) studied disease react ion of 46 chickpea 

genotypes and one local susceptible check against 6 races of A.rahwi Majority of 

chickpea genotypes were susceptible to all the isolates and not a single line was resistanl 

Numerous studies have been done in several countries to show that the 

morphology and pathogenicity of A.rabiei is highly variable (Reddy and Kababeh, 1985a; 

Reddy and Kababeh, 1985b; Jan and Wiese, 1991 ; Porta-Puglia, 1992; Chaube and 

Mishra, 1992; Jamil el aI., 1995; Porta-Puglia el aI., 1996; Kl,.n el aI., 1999) and the loss 

of crop by Ascochyta blight is a frequent event in chickpea (Reddy and Kababeh, 1985b; 

Porta-Puglia, 1992). 

2.6 EPIDEMIOLOGY 

Epidemiology of blight is favoured by temperature of 9_240C for 10 Of mOfe 

hours per day where the humidity is greater than 60% (Haware. 1998). Windy, wet 

conditions accelerate disease spread. The frequency and success of epidemics of A.rahiei 

are related to its efficient mechanism of survival from season to season. The pathogen 

survives in infected plant debris and seed (Kaiser. 1997). Under controlled conditions, 

A.rabie' remained viable for more than 2.5 years in the debris of infected chickpea plants 

kept at 4-350C with relative humidity of 30-40% (Kaiser and Hannan, 1987). The 

pathogen loses viability rapidly under high relative humidity (60-100%) or at soil depth 

of 10-40 em, but apparently survives well in debris at the soil surface if conditions are 

dry (Kaiser, 1973). Didymella rabiei can grow saprophytically on infected chickpea 

tissues left on the soil surface and can remain viable for at least two years (Navas-Cones 

el al.. 1995). When the debris was buried. D.rahie; was restricted to the original lesions 

and remained viable for only 2-5 months. 

Sattar (1933) showed that when chickpea seeds were smeared with conidia of A. 

rabiei and then incubated in batches at 25°C and 35°C for 5 months, 50% of conidia 

germinated at 25°C and 30°C while only 5% genninated after incubation at 35°C. In 

comparison, Kaiser (1973) demonstrated that optimum production of pycnidia on dried 

chickpea stem pieces occurred over the range from 10_300C, with the optimum 
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temperature of 20°C. Pycnidia matured in 46 h in continuous light , 50 h in ahemating 

light and dark, and 68 h in continuous darkness al 20'C. 

Khachatryan (1963) found that RH of over 60%, with 350-400 mm ralO'ali dunng 

the fallow season and 8 daily temperature 2: IS{)C were the ideal conditions fOI disease 

development in Annenia. Chauhan and Sinha (1973), in a glass house study, 

demonstrated that 85-98% RH and 20°C for at least 46 hours were optimum for disease 

development. and there was a 6 days incubation period. It has been demonstrated that a 

minimum of 6 h wetness at 9_27°C is required for disease development in chickpea. but 

more than 10 h of wetness at these temperature is required for severe disease, moreover, 

there was no infection of chickpea plants below 6°C nor above 30°C (Wellzien and 

Kaack, 1984). 

Similarly, Trapero-Casas and Kaiser (1992) reported that the optimum 

temperature for infection was 200e and severe disease development required a leaf 

wetness period of 17 h. Relatively IittJe infonnation is available on the effects of 

temperature and leaf wetness period on disease development, so furt her research is 

needed to understand these aspects of epidemiology. 

2.7 SURVIVAL OF A. RABIEI 

As common with most foliar pathogens, A. rabiei survives in infec ted crops debris 

and seeds (Nene. 1982). These materials act as a reservoir of primary inoculum. which 

can cause infection in favorable conditions. 

2.7.1 INFECTED SEED 

[nreeted seed is an important mean of survival for A. rabiei and allows 

dissemination from one geographical area to another. It plays an important role in the 

epidemiology of the disease, ensuring a random distribution of the pathogen in a field, 

which provides many primary infection-courts from which the pathogen can spread and 

produce secondary infection. Butler (1918) was probably the first scientist to repon the 

infection of chickpea seed by A. rabiei, and those pathogens were transmitted from 

infected seed during germination. Luthra and Bedi (1932) reported that A. mbiei 



penetrated from the ovary waH into the testa at its contact point and fina lly colonized the 

cotyledons Luthra and Bedi (1932) were the first to demonstrate the seed-borne nature of 

the pathogen. They showed that the seed coat and cotyledons of infected seeds contained 

mycelium SaUar (1933) demonstrated surface contamination of seed with fungus spores 

and their role in causing infection He found that 50010 of such spores survived on seed for 

5 months at 25-30oC, but only 5% of spores survived for S months at 3S°C. Later other 

workers (Kaiser, 1972, 1973; Zachos, 1952; Zachos el a/. , 1963; Morrall and McKanzie. 

1974) also confirmed the seed borne nature of the pathogen. Lukashcvich ( 1958) showed 

that the fungus could behave as a saprophyte and spread to non-infected tissues if the 

harvested material is stored for some time before threshing. Tripathi el 01. ( 1988) 

observed that in infected seeds stored at low temperature (0- 1 OOC), A.mbiei survived for 

14- 15 months at 20-30oC. the survival was reduced by 2 to 4 months and at room 

temperature, the survivability of the fungus declined sharply as an init ial seed infection of 

30-32% dropped down to complete elimination after 12 months. 

Research conducted by Luthra and Bedi ( 1932), Halfon-Meiri (1970), Maden ef al 

(1975) and Vishunavat ef al. (1985) has provided valuable information on the location of 

the pathogen in seed. infection of seed may occur during cool, wet weather whi le 

immature seeds are still in the pod, or during the harvesting and threshing operations. 

Halfon-Meiri (1970) observed that 50-80% of the seed from chickpea pods wllh 

Ascochyta lesions were infected with A.rabiei, but the pathogen could not be detected in 

seeds from apparently healthy pods collected from diseased plants. 

Infected seeds mayor may not show signs of infection (Maden el 01.. 1975, 

Halfon-Meiri, 1970). On seeds, lesion.s are light to dark brown (Tripat hi , 1985; Maden el 

al., 1975, Halfon-Meiri , 1970) and range in size from 1-4 mm diameter. Black pycnidia 

containing mature spores are observed in several lesions, some of which fo rm concentric 

zones (Maden el al ., 1975. Halfon-Meiri, 1970). In seeds with lesions, the fungus 

frequently penetrates the seed and could be isolated from cotyledonary tissues (Maden el 

01. . 1975, Halfon-Meiri . 1970; Vishunavat el oJ., 1985). The pathogen has not been 

detected in embryo (Maden ef al., 1975). According to Dey and Singh ( 1994), A. robiei 

naturally occurs both externally and internally in seed and external infection is dominant, 
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the pathogen being located on the seed coat and occasionally penetrating the cotyledons 

and embryo. Internally and externally seed~bome inocula were found to be equally 

responsible for the transmission of disease and the disease was transmitted to the aerial 

parts in a non-systemic manner (Dey and Singh, 1994) 

2.7.2 INFECl'ED CROP DEBRIS 

Researchers in various countries have stressed the importance of infected crop 

debris in the survival of A. rabiei from one growing season to another (Askerov, 1968, 

Kaiser, 1973; Khachatryan. 1963; Kovaehevski, 1936; Anonymous, 1973 ; Lukashevich, 

1958; Luthra el al., 1935; Navas-Cortes el al., 1995; Weltzien and Kaack, 1984; Zachos 

et aI. , 1963). Sallar (1933) could not determine the absolute importance of infected crop 

debris in survival of the fungus. However, Luthra e/ 01. (1935) considered diseased plant 

debris as an important source of primary infection. Lukashevich (1958), in the former 

USSR, found that A. rabiei grew saprophytically on dead, infected chickpea plant parts 

and in the subsequent spring, saprophytic activity on this material increased manyfold. 

Similarly, Trapero-Casas et 01. (1988) and Zachos ef 01. (1963) found that the pathogen 

colonized chickpea stubbles after harvest. Luthra el 01. (1 93S) found that A. rabid 

remained aJive for more than 2 years in the infected tissues, but did not survive more than 

1 month if the infected debris was buried 5 em deep in moist soil . 

Kaiser (1973) confinned that the fungus survived for more than 2 years in 

naturally infected tissues at 10-3SoC and 0-30% relative humidity (RH) at the soil surface 

but rapidly lost viability at 65- 100% RH and at 10-40 cm deep in soil. Pandey (1 984) 

reported that the fungus survived for over one year in infected debris stored at room 

temperature. Ln diseased debris stored at room temperature, the length of survival was for 

about 2 months at 40°C, while at 20-3 SoC. the survival was recorded for a period of6 to 8 

months. When infected stem pieces were buried in moist sterilized and natural soils and 

incubated at 20-40oC, the fungus did not survive beyond 2-3 months. In infected crop 

debris in soil under natural conditions at the depth of O~20 em, the length of survival was 

to the extent of2 to 3 months only. 

Kaiser 1:1 01. (1987) studied the survival of the anamorph and teleomorph stages of 
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the pathogen in chickpea In field soil, in a weather station shelter at 4_6oC with RI-t 30-

40%. Only brief details were published but it appeared that conidia lost viability aRer 10 

and 15 weeks in infected stem tissues and pods, respectively, when buried in soil. but 

remained viable for 57 and 81 weeks, respectively, when placed on the soil surfi:lce Some 

conidia in the infected tissues remained viable after 120 weeks at 4_6°C Discharge of 

viable ascosporous from pseudothecia ceased after 8 weeks if buried in the soil amI after 

27 weeks in infected tissues placed on the soil surface. 

In Spain, Navas-Cortes e/ a/. (1995) observed that D. rabiei grew saprophytically 

on infected chickpea tissues lying on the soi l surface and remained alive for at least 2 

years but lost viability within 2-5 months if the infected debris was buried in Ihe soi l. 

Weltzien and Kaack (1984) a1so found that infected plant debris is a soi l-borne fonn of 

inoculum. However, in Syria it has been reported that the pathogen survived for only 8 

months (ICARDA, 1993). 

2,8 DISEASE CYCLE 

Available evidence suggests that A.rabiei neither produces resistant/resting 

structures nor has any alternative or collateral hosts as it infects only Cice, spp. 

lnfomlatioll on its saprophylic survival is very limiled Luka,hevich (1958) reported Ih" 

the fungus could behave as a saprophyte and ,spread to noninfected tissues if the 

harvested material is stored for some time before threshiltg. The data do not explain 

saprophytic survival of the fungus outside the host . 

Two major sources of its surviva1 are therefore. diseased crop debris left in the 

field after harvesting and lor infested or infected seeds. As described previously, infested 

and lor infected seeds are undoubtedly the most vital source of primary inoculum (Fig-

2.1). How far diseased debris left in the field plays role in the perpetuation of the fungus 

and thereby, serving, as source of primary inoculum is uncertain. Available literature 

reveals that in areas where hot summer and rainy season fo llows the chickpea crop 

season, the perpetuation of the fungus is of very short duration. It appears so because the 

crop debris left in the field decomposes due to rains and the fungus as such cannot 

withstand the onslaughts of environment and microbial antagonism. Contrary to it, in 
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Fig 2.2: Disease cycle of Ascochyta blight of chickpea caused by Ascochyfa rabiei 

in the Pacific Northwest, USA (Diagram by R.M. Hannan) 



areas where a climatic condition between the two chickpea seasons is dry. Ihe 

survivability of the fungus will be enough to serve as a source of primary inoculum, In 

addition, in regions like Eastern Europe and Western Asia, the fungus, by producing 

perithecial stage, ensures its survival for the next season Obviously, cold winter 

following the chickpea season ensures of A,rabiei and in these areas crop debris 

definitely play role in carry over of the inoculum. 

2.9 PATHOGENESIS OF A. RABiEI 

Pandey el al. (1986; 1987) studied the mechanism of fungaJ penetration, invasion 

and subsequently development of A.rabie in leaf and stem ti ssues. The conidia began to 

genninate 12 hr after inoculation. The germ tubes elongate and some times form a 

swelling at the tip. Penetration of stem occurs 24 hr after inoculation directly through the 

cuticle. For a short distance the hyphae push forward subcuticaJly along the junction of 

epidermal cells before proceeding inward. Near stoma, the hyphae penetrate through the 

juncture of guard and subsidiary cells even when the stoma is open. The penetrating 

hyphae invade the cortical cells resulting in excessive damage to cortex. Till the stage (3 

days after inoculation) epidermal cells appear intact. 

Pith cells damage 5 days after inoculation coincides with necrosis initiation By 

the seventh day most of the nonlignified tissues are destroyed and necrosis is very much 

evident. There is no effect on lignified tissues, particularly treachery elements. Nature of 

damage, excessive breakdown and necrosis, of ceJlulosic tissues in advance of invading 

hypahae. indicated involvement of wall degrading enzymes and/or toxins (Pandey el 01 .• 

1986 and; 1987). Alam e/ al. (1989) identified two toxins (solanpyrones A and 8) from 

A.rahiei. Recent studies have aJoo demonstrated pronounced cutinase (Hoill el al., 1990) 

and other hydrolytic exoenzymes activities in the culture filtrate of A.rabiei. More work 

is needed to demonstrate the role of these toxins/enzymes in pathogenesis. 

Hohl el 01. (1990) performed detailed histopathological study of development of 

A.rabiei in leaf tissues of susceptible and resistant cultivars. Their observation of 

infection process was more or les~ similar to one described by Pandey el 01. (1987) for 

lhe stem except they noticed the formation of appresoria and secretion of mucilaginous 
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exudate. which presumably provided for the fungal cells a tight contact to the host 

surface, from young genn tubes. Fungal development on the leaf surface (spore 

germination, germ tube growth, secretion of mucilaginous exudate, and appresona 

formation) was essentially identical for both resistant alld susceptible plants Leaves of 

the susceptible plants were Iflvaded and subepidennally colonized by the fungus and leaf 

spots and fungal pycnidill could be observed 6-8 days after inoculation. Whereas the 

resistant cutivars rapidly responded to fungal penetration by rapid cell necrosis and 

accumulation of phenolic compounds resulting in cessation of fungal colonization (I-Iohl 

el aI., 1990). 

2.10 D(SSEMrNATION OF INOCULUM 

The spread of the disease has been attributed to the pycnidiospores produced at 

the foci of primary infection, either through crop debris or infected seeds. Mature conidia 

of A. rabiei ooze out from pycnidia in a gelatinous matrix under wet conditions. The 

matrix dissolves to release the spores, which are then washed or splashed to other plants 

or scattered in droplets of driving rain. In dry conditjons, the extruded conidia dry as hard 

masses on the infected tissues and, subsequently, are splash-dispersed over short 

distances only (Kaiser, I 992). Sattar (1933) had concluded that the aerial infection of 

seedlings raised from infection from infected seed is systemic and compared it with smut 

infection of cereals. However, Maden el 01. (1975) failed to locate the fungu s in whole 

mount preparations from green and healthy looking tissues of the seedlings below or in 

between the lesions. Chaube and Pandey (1986) observed thai the fimgus start s 

sporulating on the seeds placed in soil even before the emergence the radicle and 

plumule. Plumules that initiaJly fonn "Crozier" often touch pycnidiospores and in the 

process of their growth, carry the inoculum to the shoots at the crown region. 

It is accepted fact that the disease spreads rapidly. This indicates the existence of 

adequate means of transportation of inoculum in nature. Though experimental evidence is 

laclcing, the circumstantial evidence suggests that air currents and to some extent rain 

splashes play vital role in the spread of inoculum. Sallar (1933) and Luthra .1 al. (1935) 

found that infected tissues could be blown by wind for hundreds of meters to act as a 

source of secondary infection when detached from infected plants by heavy rains and 

?1 



wind. Zachos e/ 01. (1%3) had previously reported tha, 'he disease developed in circles 

by means of rain-splashed conidia but wind-driven rain spread the disease in the direction 

of the wind. Khachatryan (1961) working in America reported over 60% relallve 

humidity. with 350-400 mm rainfaJl and an average daily 1emperature of not less than 

1 SoC to be congenial for the spread of disease. 

The teleomorph contributes to long distance disseminalion of the pathogen The 

ascosporous are forcibly discharged into air through the opening of the pseudothecium in 

wet conditions (Kaiser, 1997), More than 70010 of the ascospores were discharged from 

malure pscudothecia on naturally infected chickpea debris during a 2-11 wet period at 15-

25°C (Trapero-Casas el al., J 988), It has been reported that airborne ascospores served as 

primary inoculum to establish new infections in chickpea fields that were located 10-15 

km from the nearest infected fields (Trapero-Casas and Kaiser, 1992). 

2.11 EFFECT OF PLANT AGE AND INOCULUM DENSITY ON BLIGHT 

Sattar (1933) studied the effec' of plant age on disease development and found the 

plant IS more susceptible at pod foonation than at the seedling stage. The period of 

greatest susceptibility coincided with maximum secretion of malic acid fTOm glandular 

hairs on the leaf, which was assumed to favour the pathogen. These results were also 

confirmed by Reddy and Singh (1984) and, later, by Singh and Reddy (1993b). bu, 

contradicted by Hafiz (1 952). who claimed that resistant cultivars secreted more malic 

acid than did suscept ible cuItivars. However, Trapero-Casas and Kaiser (1992), using 

controlled conditions, did not find any significant difference in disease severity between 

plants inoculated at 2 and 8 weeks old. Tripathi (1985) observed that with the increase in 

age of plants, there was increase in ·incubation period and increase in the incidence and 

severity of the disease. He advocated that the increased toughness of the tissues and age 

based biochemical changes might be responsible for such decrease in disease severity. It 

is not clear whether the apparent greater susceptibility of chickpea plants to Ascochyta 

blight at maturity is due to the age of the plant or favorable environmental conditions for 

disease development 

Simon (1982) observed that inoculum concentrations have little role to play in the 
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Initiation and severity of the disease. However, Tripathi (1985) concluded through 

glasshouse experiments that under congenial conditions even a small amount of inoculum 

would be enough for initiation and spread of the disease. 

Z. 1Z HOST-IWmOGEN INTERACTION 

There are reports in the literature that spores of Phoma medlc:agims, P. 

medicaginis var. pinodella. Mycosphaerel/a pinodes, Asc:ockhyta pi.\·i, Ascochyta rabie; 

and BOIrylis cinerea produce germ tubes which are able to penetrate the cuticle directly 

or through stomata (Ludwing, 1928; Brewer, 1960; Blackman, 1969; Punithalingam and 

Holliday, 1972a, b; Rijkenberg el 01 .• 1980; HoWe/ 01" 1990; Angelini e/ al .• 1993; Dey 

and Singh, 1994). Pandey e/ 01. (1987) studied, by light microscopy. the process of 

infection and histological changes in susceptible genotypes of chickpea infected by A. 

rabiei. Germ tubes from conidia penetrated the stem tissues at the juncture of two 

epidermal cells and form subepidermal aggregates until the fourth day after inoculation. 

On the sixth day, yellowing and necrosis of host ti ssues coincided with fonnation of 

mature pycnidia. There was extensive damage to cell wa1ls of parenchymatous cortical 

and pith tissues in advance of invading hyphae. indicating involvement of cell wall 

degrading enzymes. 

2. 13 DISEASE RATING SCALES 

Many rating scales have been used by various researchers for assessing chickpea 

material in glass house and field conditions. but there are no universally accepted disease 

assessment scale. Vir and Grewal (J 974) used a 5-point scale based on severity of stem 

and fo liar infection. for glass house and field screening, whereas Morrall and McKenzie 

(1974) used a 6-point scale based mainly on foliar infection, fo r field screening. Reddy 

and Nene (1979) suggested a 9-point scale for glass house screening. Later. Singh 111 ttl. 

(1981) suggested a scale with five defined categories of severity, for the evaluation of 

large-scaJe breeding programs in field conditions. Subsequently. Reddy and Singh 

( 1984), Reddy e/ al. (1984) and Gowen el 01. (1989) modified previous screening systems 

and developed 9-c1ass scale for glass house and field screening and these scales have 

been accepted by the majority of researchers. 



The methods used by researchers throughout the world to study the variability of 

A. rabiei and establish differential lines are not standardized (Polta Puglia, 1992) 

Differences in the studies mclude different inoculum concentrations, chickpea cultivars 

used as host-diflerentials. inoculation technique. age of the plant, medium used for 

isolation and conidial production, humidity. temperature. time between inoculation and 

rating. and criterion for discriminating between resistant and susceplible (Porta-Puglia, 

1992). 

Porta-Puglia el al (1994) reported two chal lenges in rating Ascochyta blight 

infection precisely: I) variation in disease severity among plants of the same line and 2) 

variation in lesion size and sporulation on the same plant. Factors such as extent of 

defoliation, stem blight ing, pod infection, lesion size on the stems and pods and extent of 

sporulation in lesions have been used in rating scales. The most important factors are 

breaking of branches and pod infection because they have the largest impact on yield and 

quality (Reddy and Singh. 1990). Sing and Reddy (1993) selected lines that showed less 

than 5% yield loss under three years of disease pressure. They also reported that chickpea 

lines with as much as 20% pod infection suffers little yield (less than 5%) due 10 

superficial or very late pod infection. The most recent scale is a 1-9 rating scale reported 

by Singh and Reddy (1993). This method takes into account the percentage of broken 

branches and infected pods: 1= no infection; 2:highly reSIstant (1-5% infection). 3= 

resistant (6-10% infection); 4= moderately resistant (11~15% infection); 5= lolerant (16~ 

40% infection); 6= moderately susceptible (41-50% infection); 7= susceptible (51-75% 

infection); 8= highly susceptible (76-100010 infection) and 9= very highly susceptible 

(plants killed). Lines with score 2-4 were considered resistant, rating of 5 was considered 

tolerant and ratings of 6-9 were considered susceptible. 

2.14 HOST RESISTANCE 

The first known source of resistance to Ascochyta blight was F4, later renamed F8 

(Luthra e/ al.. 1938). Subsequently C-12I34, that was identified as resistant cullivar 

(Ahmad el al.. 1949). lost its resistance around 1950 and was replaced by another 

resistant cultivsr C-235 (Anonymous. 1963). Grewal and Vir (1974) identified P.1528-1-

I as immune from Morocco and 1- 13 as resistant line from Israel Ganeva and Matsov 
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(1977) also indicated resistance in chickpea to blight. Gama irradiated chickpea mutants 

(CM 72 and CM 68) were identified in Pakistan as resistant sources (Haq e/ al., 1981) 

There have been many reports of resistant genetic materials from India. Pakistan, 

Iran, Turkey, Syria, Morocco, North Africa, France, Bulg.n. and USSR A 

comprehensive list of resistant sources by Singh el al. (1984) IS reproduced in Table-2.1 

with certain additions! modifications. 

Chickpea breeding programs at ICRISAT and ICARDA have screened huge 

gemlplasm and have supplied resistant lines to national programs for further screening 

against local isolates of A. rabiei in chickpea growing-countries. In general, it has been 

observed that the frequency of resistance is higher in the kabuli genotypes than in the desi 

types, based on studies of the inheritance of resistance to Ascochyta blight (Tewari and 

Pandey, 1986; Verma e/ aI. , 1981 ; Verma el al., 1987; Singh e/ al" 1992). Singh "I al. 

(1992) identified 12 kabu li and 3 desi resistant lines 5107 kabuli and 10,203 desi types 

during screening of the world germplasm collection at lCRlSAT and lCARDA. 

Singh el al. (1984) evaluated 112 chickpea lines in Algeria, Greece, India, Jordan, 

Morocco, Pakistan, Spain, Syria, Tunisia and Turkey. Four lines, ILC 72, ILC 191, ILC 

3279 and ILC 3856, were round to be resistant to Ascochyta blight in eight or these II 

countries. In addition, Reddy and Singh ( 1985) reported that chickpea lines ILC 191, ILC 

194, ILC 200, ILC 202, ILC 2548, lLC 2956, lLC 3279, ILC 340, ICC 3996, ICC 4 107 

and ICC 3375 were resistant to four isolates of A. roMe; in a multi-location trial 

conducted in Syria and Lebanon. 

Singh et al. (1981) reported some resistant accessions in chickpea at lCARDA. 

Sandhu el al. ( 1990) identified 8 resistant lines and 2 tolerant lines (BG-257) and BG-

261) from a collection of 406 varieties screened at 3 localities, under artificial infection 

and natural epiphytic conditions. They also tested chickpea gennplasm lines resistant or 

tolerant to A. rabiei isolates prevalent in Syria and Lebanon. Shukla el al. ( 1984) 

screened 1000 lines for ICRlSAT under a combination of natural and artificial infection. 

Three lines i.e. ICC 6270, ICC 8160 and ICC 8189 showed only traces of inrection while 

many lines displayed tolerant reaction. Kalia (1984) screened 60 chickpea lines and 



Table 2.1 Studies undertaken between 1931 and 2000 to identify sources of resistance to 
Ascochyta rabiei in Cicer arietinum L. 

Researcher Year Country Total lines Resistant lines 

Labrousse 1931a Morocco and/or France 36 3 

Labrousse 1931b Morocco and/or France 167 11 

Pavlova 1935 USSR 6 

Luthra et al. 1938 Indian 187 4 

Luthra et al. 1941 Indian 392 3 

Luthra et al. 1943 Indian 1 

Padwick 1948 2 

Ahmed etal. 1949 Pakistan 2 

Hafiz 1952 Pakistan 3 

Enken 1954 USSR 2 

Aziz and Kainth 1960 Pakistan 700 1 

Bushkova 1960 USSR 273 1 

Bedi and Athwal 1962 India 1 

Puerto-Romero 1964 Spain 4 

SoleI and Kostrinski 1964 1 

Vedysheva 1965 USSR 184 4 

Vedysheva 1966 USSR 352 17 

Aujla and Bedi 1967 India 189 11 

Scharif et al. 1967 Iran 2 

Kojnov and Redkin 1970 Bulgaria 2 

Redkov 1970 Bulgaria 1.5% 

Kaiser 1972 Iran 1 

Sandhu 1972 · India 600 11 

Soho and Singh 1972 India 1 

Vedysheva 1972 USSR 584 17 

Zhelokov 1973 USSR 2 

Golube 1974 USSR 500 4 

Grewal and Vir 1974 India 2 

Khico 1974 USSR 200 4 

~amanujam 1974 India 1 

<orsakov 1975 USSR 5 



Eser 1976 Turkey 1 

ICRISAT 1976 India 7 

ICRISAT 1977 India 1200 40 

ICRISAT 1978 India 2000 5 

ICRISAT 1982 India 60 

Iqbal et a/. 1989 Pakistan 759 1 

Iqbal et at. 1994 Pakistan 467 7 

Redkov 1976 Bulgaria 50 3 

Ganeva and Matsov 1977 Bulgaria 220 48 

Religh and Lehrer 1977 2 

Singh 1978 India 262 4 

Okhovat 1979 Iran 729 

Bejiga 1980 Ethiopia 1086 2 

Haq et at. 1981 Pakistan 208 2 

Singh et at. 1981 Syria 9385 57 

Pandey et al. 1982 India 76 2 

Gaur et at. 1983 India 47 25 

Jalali et at. 1983 India 150 7 

Okhovat 1983 Turkey 5000 36 

Singh et a/. 1984 Syria 6005 Desi 655 

Reddy and Singh 1984 Syria 9574 Desi 6 

Malik 1986 Pakistan 4000 34 

Verma et at. 1987 India 1258 Desi 12 

174 Kabuli 1 

Singh et a/. 1992 Syria 5107 Kabuli 12 

Singh et al. 1992 Syria 10203 Desi 3 

Singh and Reddy 1993 Syria 19000 5 
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identified the line ICC 1527. ICC 1069 and ICC 2 160 as resistant; other lines with 

sat isfactory perfomlance were NEC 1256, ICC 1722, ICC 7520 and PC I) 15 

Maheshwari el al. (1984) proved resistance to blight 10 vanous tnals 111 Illdia 

Acikgoz and Demir (1984) studied the reaction of 35 chickpea lines to 25 Isolates 

orA. ,ahl., and reported that 72012, lLC-195, ILC-200,ILC-20 1, ILC 202 and Nec-138-

I were resistant to all the isolates. AnaJysis of the reaction of lC 720 12 x: ILC 9129. ILC· 

195 x IC 460, ILC 200 x IC 460, [LC 20 I x IC 460 and NEC 138- 1 x ILC 1929 in the F 1 

x F 2 and back crosses showed that one gene was responsible for resistance which could 

be recessive or dominant. Porta·Puglia (1984) reported that line J LC 191 from ICARDA 

was a suitable source of resistance against A. rabiei. Reddy and Kabbabeh (1984) 

reported a genotype [LC 1929 was susceptible and ILC 32996 as resistant. Bashir and 

Haware (1986) at ICARDA tested the response of chickpea lines to six races of the 

fungus. They observed that none of the lines was resistant to any of the six races. 

However ICC 3996, ICC 4324, ICC 4475, ICC 6981, ICC 6988, lLC 202, IL 2380, ILC 

2467, lLC 2469, [LC 4421 and NEC 138-2 were found to be tolerant while some of the 

lines such as ICC 4324, ICC 4475, ICC 6981, [LC 4421 showed differential reactions 

against the races. Bashir el al. (1985) have screened 3360. C. Gmt/mllm lines from 

[CRISAT under artificial epiphytic conditions. No line was found to be highly resistant. 

Crino <, al. (1985) screened 500 chickpea lines derived from ICARDA and 

evaluated them under natural infection. n..C 3279 was found to be the most promising for 

combined resistance and productivity than the local standard cultivar. Porta~Puglia el al. 

(1985) inoculated 18 lines of ICARDA and 3 JtaJian land races in a greenhouse with 6 

isolates from different regions ofItaJ~ . Line ILC 191 was resistant to most isolates while 

a1l other lines were resistant to only I or 2 isolate. Singh and Kapoor (1986) conducted 

screening in field and pot tests and found that 3 lines showed low pod infection as 

compared with foliage infection. Five kabuli lines showed more resistance against pod 

infection than that offoliage. 

Gaur and Singh (1987) evaJuated 58 cult1vars for resistance under artificial 

conditions and found that five lines were resistant. Kinaci and Dalkiran (1987) in field 

trials of screening at 2 sites evaJuated 1100 samples of chickpea to blight under natural 



and l:U1ificiai infection conditions. In Ankara., 6 highly resistant and 18 resistant lines and 

in Cankiri 4 highly resistant and 6 resistant lines were identified lLC 183 and 82-11 were 

resistant at both locations. Sandhu el 01. (1990) reported a mutant E I OOY (M) resistant to 

blight which had a thick slem dwarf compact habit. bold seeds Pal and Singh (1990) 

screened a large number of chickpea lines in pol tests and found Ihal three lines, namely; 

ILC 3864. ICL 3870 and ILC 4421. were resistant to blight. Ten chickpea lines showed 

lOlerant reaction while remaining lines were found susceptible to highly susceptible. llyas 

el 01., (1991) screened 60 gcnnplasm tines for the sources of resistance against blight, 

none was found to be immune or high resistant, however 15 lines exhibited moderate 

resistant reaction, while other expressed moderate to highly susceptible reaction. 

2.15 MARKER ASSISTED BREEDING 

Until the early 1970's, most of the single gene markers genetic studies of higher 

plants were those affecting morphological characters, such as dwarii sm, chlorophyll 

deficiencies or altered lear morphology (Tanksley, 1983). The use of morphological 

markers has been limited because of properties such as dominance, late expression, 

deleterious effects, pleiotrophy, epistasis and rare polymorphisms (Arus and Moreno­

Gonzalez, 1993). Many reports have been published on the association of traits with 

foliage shape, corolla colour or seed coat colour in ('leer However, these associations are 

often due to pleitrophy and do not represent useful linkages (Muehlbauer and Singh. 

1987). Studies on the interaction between chickpea and A.rabiei have resulted in a li st of 

possible biochemical markers to include in screening programmes (Barz el al., 1993): I) 

high level of pre-inflectional secondary constituents (isoflanones), 2) hypersensitive 

reaction, 3) rapid accumulation of phytoalexins. 4) extensive e)(pression of pterocarpin 

phytoalexins biosynthetic enzymes (isoflavone 2-hydroxylase. 5) reinforcement of cell 

walls around infection sites with hydroxyproline~rich glycoproteins, callose, lignin and 

polyphenols, 6) rapid accumulation of pathogenesis-related proteins. 7) extensive 

accumulation of B- 1 ,3-glucanases and chitinases 9) high levels of proteins that inhibi t 

fungal polygalacturonases. 10) insensitivity to fungal tox'ins, and insensitivity to fungal 

suppressors. Among the defence reactions., the hypersensitive response is the most 

important response to follow. 



The hypersensitive response is one of the most effective ant i~microbial 

mechanisms of plants that are induced by the infection itself (Barz cl al. 199]) Genetic 

incompatibility between the host and the pathogen resulting from a resistance gene in the 

host and leading to resistance against the pathogen or one of its specific physiological 

races is charactenzed by a hypersensitive response. The hypersensitive response is 

characterized by rapid cell death and necrosis at and around each point at which the leaf 

tissue was infected and localization of the parasite to the area of each initiated infection. 

Molecular markers. such as isozymes, RAPD, and RfoLP, are based on the 

identification of protein or DNA polymorphisms and have most of the properties of an 

ideal marker. They have more potential to improve selection efficiency than 

morphological markers because they can be detected early in the development of the 

plant, and there is a minimal interaction among molecular markers, which allows the use 

of many simultaneously. The total number of isozyme~gene linked pairs detected so far is 

small, hence, the probability of finding out one linked to an important gene, such as 

Ascochyta resistance, is small because of the small size of the segregat ing population 

nonnally used (Arus and Moreno-Gonzalez, 1993). Isozyme segregation has been 

investigated in several chickpea populations that were segregating for resistance to 

A.rablei, but no linkages were found among the isozyme loci and the A.rabiei resistance 

loci (Kusmenoglu et al., 1992). RAPD markers represent a valid alternative to isozymes 

because of the nearly unlimited number of primers that can be designed for the RAPD 

technique, allowing access to virtually any polymorphism that differentiates the two 

parents of a cross (Mayer "I al. , 1997). 
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CHAPTER-3 

MA TERIALS AND METHODS 

For the purpose of present investigation., chickpea germplasm, breeding materials 

and cultivars evaluated against ascochyta blight of chickpea were obtained from national 

and international sources listed in appendix (Table 3.3). Detail of germplasm screened 

from 1994 to 1996 is given in the appendix IV to VI. Field and Laboratory facilities of 

Pulses Programme were used for most of the experiments. However, greenhouse and 

laboratory facilities of Plant Genetic Resources Institute (PGR!) were used. Laboratory 

facilities of Crop diseases Research Institute (CDR!) were used for the study of 

pathogenic variability through the courtesy of Dr. Iftikhar Ahmad, Depty Director 

General, National Agricultural Research Centre, Islamabad. The data were analysed with 

the cooperation of Dr. Abdul Ghafoor, Senior Scientific Officer (PGRI). 

3.1. SURVEY FOR THE ASSESSMENT OF BLIGHT 

A detailed survey of chickpea was conducted in the month of March 1996 when 

the crop was at the flowering to pod-forming stage. Prevalence and distribution of blight 

in the chickpea production areas of North-western Frontier Province (NWFP) and Punjab 

was assessed. Major chickpea growing areas of districts Attock, Chakwal, Khushab, 

Mianwali, Bhakkar, Leiah, Jhang, Rawalpindi, Sialkot and Norowal (Punjab), Bannu, 

Karak and Dera Ismail Khan (NWFP) were selected for survey (Table-3 .1). Location of 

the areas, which were surveyed, is given in Fig 3.1. 

Observations of disease prevalence; incidence and severity in each field were 

recorded on the samples comprising ten plants from five random places across a diagonal 

in each of the selected field following the hierarchical. The district average was worked 

out on the basis of disease prevalence recorded at various locations in each district. 

Disease severity was assessed on a visual 1-9 rating scale (Singh et aI., 1981). 
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Table 3.1: Chickpea growing areas surveyed during the crop season of 1995-96 

Province Districts 

Punjab Attock 

Bhakkar 

Chakwal 

Jhang 

Khushab 

Leiah 

Mianwali 

Norowal 

Rawalpindi 

Sialkot 

NWFP Bannu 

D.I. Khan 

Karak 

Locations 

Bahtar, Fateh Jangh, flasanabdal, Jand, Nara, Pindi gheb 

Basti Shaw Alam, Bhakkar, Darya khan, Dullewala, 

Gauharwala, Kalurkot, Mankera, Nawan landanwala 

Punjgran 

Bhaun, Bulkasar, Chakwal, Dhudial, Rupowal 

Atharan hazari, Dager, Daultana, S any asiwala, Tremun, 

Ueh 

Adhikot, Hemoka, Girot, Mithatiwana, Nurpur, Rangpur, 

Roda, Ukhli mohla 

Chaubara, Fatehpur, Karor, Kharewala, Kot Sultan, 

NawanKot 

Dab, Mianwali, Piplan, Wanbhachran 

Chak Amru, Darman, Mansoorwali, Naina Kot, Zafarwal 

Doltala, latli, Tarnol, 

Chowinda, Kingra, Sahowali 

Domeli, Ghoriwala, Sarai Gambila, Sarai N aurang 

Akalghar, D .L Khan, Kafir Kot, Kot Jai, Saggu, Yarik 

Ahmadwala, Bahadar Khel, Banda Daud Shah, Karak, 

Lachi, Shanwala 

Lakki Murwat Abahkhel, Isakban, Lakki, Pezu, Shahbaz Khel 
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3.2 FACTORS AFFECTING BLIGHT DEVELOPMENT 

Before imtiating the study on the pathogenic vanablilty and screening of chickpea 

against blight, It IS important to determine the factors affcclmg blight Thus, the studies 

reponed In this section were undertaken to address the following objectives, 

u Effect of inoculum concentration on disease development, 

u Effect afplan! aSe on disease development, 

u Effect of different incubation and wetness period on disease 

development, 

3.2.1 Effect ofiooculum concentration 00 disease development 

Seedlings of five chickpea cultivars; C 727, Punjab 91, Dasht, Parbat and ILC 263 

were grown in the plastic pot (10.5 x 7 .5 em) filled with sterilized soil. There were three 

replicated pots. each contruning five seedlings. These seedlings were inoculated 15 days 

after sowing with the spore suspension of A.rabiei in concentration of S x 10", I x loj. 

2.S x 10
j 

and 5 x loj spores per ml of were prepared Seedlings were inoculated and 

incubated in a humid chamber for 72 h. Control plants were treated with SOW (simplf" 

distilled water) and incubated in a separate humid chamber at 201.2°C Disease was 

assessed after 14 days of inoculation using 1·9 rating scale of Singh el at. (198 1). 

3.2.2 Effect or plant age on disease development 

Two chickpea eultivars, a highly susceptible (C 727) and a moderately susceptible 

(Punjab 91) were tested at different physiological stages from 2 to 12 weeks after sowing, 

representing the seedling to the flowering stage in the green house conditions. Seeds were 

sown in earthen pots (30 x 20 em) at 2-week intervals for 12 weeks to provide plants. at 

the time of inoculation at different growth stages to avoid any variation in the inoculum 

and greenhouse conditions. Plants were inoculated with a suspension of 5x) o! spores per 

ml) and incubated at 20±2oC. Non-inoculated plants served as control. Symptoms were 

assessed 14 days after inoculation using 1-9 rating scale of Singh e/ al. ( 198 1) 



3.2.3 Effect of leaf wetness periods on disease development 

Four chickpea cullivars viz. C 727, Dasht, Parbat and 11unjab 91 with varying 

range of disease susceptibility were grown In pots (10.5 x 7.5 cm) Five seedlings were 

raised and three pots were laken for each cullivar Fifteen days after sowing, the seedlings 

were inoculated with the spore suspension@5x l05 sporesprml and Incubated at 20±2uC 

under ditTerent leaf wetness period to determine the latent period for disease developmelll 

and disease was assessed according to 1-9 rating scale (Singh eI al., 1981) 14 days after 

inoculation. 

• 4 days of incubation and no spray (40/05) 

• 4 days of incubation and one spray (40115) 

• 4 days of incubation and two spray (40/25) 

• 3 days of incubation and no spray (30/05) 

• 3 days of incubation and one spray (3D/ l S) 

• 3 days of incubation and two spray (30125) 

• 2 days of incubation and no spray (20/05) 

• 2 days of incubation and one spray (20/15) 

• 2 days of incubation and two spray (20125) 

• I day of incubation and no spray (Il)/OS) 

• 1 day of incubation and one spray (lD/IS) 

• I day of incubation and two spray (10/25) 

• 0 day of incubation and no spray (00/05) 

• 0 day of incubation and one spray (00115) 
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• 0 day of incubation and two spray (ODI2S) 

3.3 PATHOGENIC VARlABLlTY [N ASCOCHY1'A.HABJEJ 

3.3.1 Isolation of A. ,abie; 

Diseased samples were collected from the fanners' fields and research stations at 

various districts of Punjab and North Western Fronter Province (NWfP) tor isolation of 

A. rabiei. 

Blight infected samples of chickpea plants showing characteristic di sease 

symptoms were cut into small pieces (4-6 em) and were surface sterilized in 0.1% 

mercuric chloride solution for two minutes and then washed twice in sterilized water, 

dried on steri lized filter paper and were placed on potato dextrose agar (potato starch 20g. 

dextrose 20g. agar 20g and water lIit) medium in petri-plates autoclaved at J 5 pound per 

square inch (psi) for 15 minutes and were incubated at 20 ± 2 °c for two weeks under 

alternating 12 h (Philips Till 18W/08) and 12 h darkness. Colonies of A. rabid coming 

out of infected bits were later purified by spore streak method (Pathak. 1986). The 

purified cultures were identified according to the keys of Sutton ( 1980) and 

PunithaLingam and Holliday (1972a, b & c). Pure cultures were grown on chickpea seed 

meal agar (CSMA) medium (chickpea seed meal 20 g, dextrose 20 g. agar 208 and water 

1 lit) slants and maintained for further studies. 

Forty-two isolates were recovered for the present study. Single spore cultures of 

these isolates were preserved on CSMA medium. Isolates were subjected to detailed 

morphological and cultural characteristics, viz., radial growth on medium (mOl), colony 

colour, size ofpycnidia (Jim) and pycnidiospores (J.lm). 

3.3.2 Pathogenicity tests of tbe isolates 

Pathogenicity of isolates was determined using a set of seven chickpea cultivars 

viz; C 727, ILC 263. C 44, CM 72. Pi.dar, Noor-91 and Punjab 91 . Prior to sowing. seeds 

were surface sterilized with Clorox (0.1% available Chlorine) and plastic pots (10.5 x 7.5 

em) were filled with sterilized sandy loam soil. Ten seeds of each cuitivar were sown in 



able-3.2: Isolates of Ascochyta rabiei collected from different chickpea growing areas of 
Pakistan 

S.No Isolates Locations S. No. Isolates Locations 

KB-l Khushab 22 AT-2 Attock 

2 BR-4 Bhakhar 23 BN-l Bannu 

3 BR-3 Bhakkar 24 KB-2 Khushab 

4 LY-4 Leiah 25 KN- l Kagan 

5 KT-2 Kohat 26 MN-3 Mianwali 

6 MN-4 Mianwali 27 DI- l D.I. Khan 

7 KT-l Kohat 28 BR-l Bhakkar 

8 MN-5 Mianwali 29 FD-2 Faisalabad 

9 LY-2 Leiah 30 CL-2 Chakwal 

10 AT- l Attock 31 MN- l Mianwali 

11 BR-5 Bhakkar 32 ST- l Sialkot 

12 BR-2 Bhakhar 33 AT-3 Attock 

13 KK-2 Karak 34 IN-l Jhang 

14 IN-2 Jhang 35 ST-2 Sialkot 

15 KB-3 Khushab 36 AT-5 Attock 

16 NC-3 Islamabad 37 AT-4 Attock 

17 NC- l Islamabad 38 MN-2 Mianwali 

18 BN-2 Bannu 39 FD- l Faisalabad 

19 DI-2 D.1. Khan 40 CL-2 Chakwal 

20 LY-3 Leiah 41 KK- l Karak 

21 NC-3 Islamabad 42 CL-3 Chakwal 
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these pOlS with three replications in complete randomized design. Fifteen days old plants 

were inoculated by spraying spore suspension (5 x 10' spores per ml) from 15 days old 

cultures of the isolates and Incubated separately under humid chamber for 72 hours 10 the 

green house (Singh eloJ., 1982) Relative humidity was maintained ill the range of 85 ~ 

95%. Disease observations were recorded after 14 days of inoculation by using 1-9 scale 

according to Singh., al., (1981) and designation ofp'thotypes was rollowed by Habgood 

(1970). 

The disease data were anruyzed for 2 factor design statistics and numerical 

taxonomic techniques using the procedure of cluster and principal component analyses 

(Sneath and Sokal, 1973) with the help of computer software "Stotistiea" and "SPSS" ror 

Wmdows 98. Based on results, similarity index was calculated and then converted to a 

dissimilarity matrix to construct dendrogram by tbe unweighted pair group method 

average (UPGMA) (Sneath & Sokal, 1973). 

3.3.3 Combined effect of the least and tbe most aggressive isolates on blight 

Ln order to determine the combining effect of isolates of A. rabiel, an aggressive 

(AT-2) and a least aggressive (BR-5) isolates were applied separately as well as in 

combination (1 ·1 ratio) on a sOet of sixteen chickpea cultivars viz; Dasht , Parbat, C 727, 

C 44, C 235, CM 72, NIFA 88, NIFA 95, Bittle, Noor-91, Punjab 91, Piadar 91, Bulksar, 

Wanhar, LLC 263 and DC~ I. Pathogenicity study was dctemlined according to Ihe 

procedure described in Section 3. 12.3. 

3.4 SCREENING OF CmCKPEA FOR BLIGHT RESISTANCE 

In order to identify the sources of resistance to blight, 248, 232 and 344 chickpea 

germplasm lines received during 1994, 1995 and 1996, respectively, from international 

and national sources (Table 3.3). These lines were tested under the conditions of artificial 

inoculation of chickpea blight. 

3.4.1 Screening under greenhouse conditions 

Seeds of germplasm accessions were surface~sterilized with Clorex solution 

(0.1% available chlorine) for 2 minutes and sown in disposable pots (7 5 x 10.5 cm) filted 



Table 3.3 : Sources of germ plasm accessions screened against blight 

Number of Accessions 

Centre/ Institute 1994 1995 1996 

International Centre for Agricultural 20 47 48 
Research in the Dry Areas (ICARDA), Syria 

Intentional Crop Research Institute for Serni- 23 19 14 
arid tropics (ICRISAT), India 

Ayub Agriculture Research Institute (AARI), 127 122 
F aisalabad, Pakistan 

Nuclear Institute for Agriculture and Biology 78 166 121 
(NlAB), Faisalabad, Pakistan 

Nuclear Institute for Food & Agriculture 39 
(NIF A), Peshawar, Pakistan 

Total 248 232 344 



with steri lized soil and sand mixture (2.1). Each pot cOnlaincd five chickpea seedlings A 

suscept ible variety, C 727 was kept as control for comparison. Pots were kepi III 

greenhollse at 20±2 f)C in natural light for 15 days before lI1oculatioll POb were walered 

from the top prior to inoculation. Two week old seedlings were inoculated by spraying 

aqueous spore suspension having a cooccnlralioll of 5 J( IOl spores/lIll The. inoculum was 

prepared from 15 days old culture of A. rahiei mulliplied on chickpea grains according 10 

the procedure developed by I1yas and Khan ( 1986). The inoculated seedlings \';ere 

incubated in humid chamber for 72 hours in Ihe greenhouse Disease observations \,;cfe 

taken when susceptible check lines were completely killed and reco rded on 1·9 di sease 

rating scale (Singh el 01., 198 1). 

3.4.2 Screening under field conditions 

Same set of germplasm was screened under field conditions during simultaneous 

crop seasons of 1994, 1995 and 1996. One row of 4 III length was planted for each 

genotype in two replications. Susceptible check (C 727) was planted afler e\.e ry two rows 

of the germ plasm for di sease spread. When the entries were in early flowering stage, they 

were spray-inoculated with spore suspension of A. rabie; @ S x IO} spores/Ill I 

At the time orinoculation, pycnidial inoculum on chickpea grains was thoroughly 

homogenized in distilled water (20 lit) to prepare spore suspension of the fungus. The 

spore suspension was sieved through a muslin cloth to remove seed debris and then 

sprayed on chickpea plants for inoculat ion. The inoculum was app lied dai ly III fhe 

evening till the appearance of blight. Continuous spray of water supported to maintai n 

RH for development of disease. The data fo r blight at vegetative stage was recorded 

according to Singh 111 aI. , 1981, whereas at pod formation stage, disease was recorded in 

percentage or pod inrection (S ingh and Reddy. 1993), 

3.5 EFFECT OF MORPHOLOGICAL TRAITS FOR BLIGHT RESISTANCE 

Six chickpea cu ltivars (N1FA 88, Dasht , Parbat. C 44, C 727 and ILC 263) 

relati ng to each reaction group (resistant and suscept ible) were sown in the field during 

1998·99. The test lines were sown in single row subplot s, 3 meter long with 30 em and 

'10 



10 em row- to~row and plant to plant di stance respectively Green plnnt IUpS \I,.'ere 

collected randomly from all lines of the two reaction groups growing in the field To 

ensure uniformity. finh compound leaf fTom the top was ... elected for microscopic .-, tudies 

on different structural parameters (hair density, stomatal population, size of stomata and 

SiomataJ aperture) 

3.5.1 l>ellsity of hnir 

Leaflets were removed from the leaf and placed under binocular stereoscopic 

microscope (WILD M3B Heerburg, Switzerland) for count ing the densit y of hair on their 

dorsal and ventral side in an area of 5.5 mmL
. To get a morc precise picture, three 

observations were recorded from the same leaflets. 

3.5.2 Density and area of stomata, stomatal aperture and guard cells 

For determining the frequency and size of stomata. the leaf cuticle was removed 

gent ly with the help of a scalpel and a pair of forceps (Randhawa, 1994). The cuticle 

layer was placed on a glass micro slide, I "x3" size (in a small drop of safnmin mixed 

well with two drops of Hoeyer's mounting medium). In this way permanent mounts were 

prepared for all the test lines of resistant and susceptible reaction groups 

Thc slides wcre cxamined under a compound microscope (Zeiss. Germany J al 

SOX to deternune stomatal population in a specific area ( 1.52 mm\ The size or ~1O"HHa, 

guard cell s and stomatal aperture was determined at 320X. Camera Lucida drawing of it 

typical stomata for each test lines was drawn in order to calculate the correction factor 

Observations on length and width of the stomata were recorded under research 

microscope (Zeiss, Germany) at 320X. The multipli cation of length and width of a 

stomata (observed an::a) was multiplied by 0.7 on the calculative assump tion Ihat it would 

be nearest to the calculated area (corrected area). The area of stomatal aperture was also 

calculated using the formula. Area of guard cells was determined by the following 

formu la; 

Area of guard cells = Area ofslomata· Area of stomatal aperture 



3.6 RELATIONSHlP OETWEEN SDS-PAGE MARKERS AND CHICKI'EA 
OLiGHT 

3.6.1 Effect or chickptJI plant extract on the growth of A. ",hid 

Fifty seven commercial chickpea varieties! cullivals and advanced Ii"e~ \\cre 

screened against blight according to the procedure as described III seCllon J ... . 1 to 

confiml their djsease reaction. In order to determine the role of plant extract of va ri ous 

chickpea cuhivars 0 11 the growth of A.rahici, 5 g shoot tips creach culti va r were wcight.!d 

with an electronic balance and steeded in 100 ml distilled water After two hours, the 

water extract was sieved to get a clear solution. This ext ract was kepi under UV light lor 

24 hours for sterilization. It was used for further studies on the colony growth of A. 

rahid. 

About 10 ml water extract (as prepared above) was mixed wilh sterili zed 

dextrose water agar medium (2%) and poured in sterilized petri di shes (90 nun dial. This 

was stirred with a glass rod whi le still hot under aseptic conditions. This was inoculated 

with the actively growing culture of the fungus with the help of a cork borer, and was 

kept at 20± 2°C in an incubator for growth. Potato dextrose agar medium withou t plRll t 

extract served as conlrol. The experiment was run in triplicate Observallons on colony 

growth were recorded 15 days after incubation 

3.6.2 Application of SOS-PAGE to de.tennine (he resistance 

SDS-PAGE was applied to study its role to determine the resistant behavior of 

chickpea towards Ascochyta blight. For the extraction of proteins, single seed was 

ground to fine powder with pestle and mortar. Sample bu ne r (400 ~tI) was added 10 0 ,0 I 

g of seed flour as extraction liquid and mixed thoroughly in eppendrof tube with a small 

glass rod. The extraction buffer contained the following final concentrations: 0.5 M Tris­

He l (pH 6.8). 2.5% 50S, 10% glycerol and 5% 2-mercaploelhanol. Bromophenol Blue 

(BPB) was also added to the sample buffer as tracking dye. To purify extraction, the 

homogenate samples were mixed thoroughly by vortexing and centrifuging at 15,000 rpm 

for 5 minutes at RT. The ex tracted crude proteins were recovered as clear supernatant. 

transferred into new 1 5 ml eppendroftubes and stored at -20 0C until electrophoresis. 



3.6.2.1 Electrophoresis 

Seed protein was analyzed through slab type SOS-PAGE. uSlIlg 11 2"% 

Polyacrylamide gel. Electrophoresis was carried OUI at 100 V for half hour ,lIlel then at I SO 

V UfuiJ the Bromophenol blue marker reached the boltom of the gel (approxmllllely Iwo and 

half hour), In order to check the reproducibility of the method. two separate gels were nm 

under similar electrophoretic conditions. The molecular weights of the dissociated 

polypeptides were determined by using molecular weight prolein standards "MW-SDS-70 

kif' containing Albumin Bovine (66 kd), Egg Ovalbumin (45 kd). Pepsin (Porcine Stomach 

Mucosa) 34.7 kd. Trypsinogen (Bovine Pancreas) 24 kd, p-Lactoglobul ill (Bovine Milk) 

18.4 kd and Lysozyme (14.3 kd) from Sigma Chemical Company, USA 

SDS-PAGE of total seed protein was carried out in polyacrylamide slab gels in 

the discontinuous buffer system according to the method of Laemmli , ( 1970) , Vert ical gel 

slabs were prepared in a glass sandwich, wh ich was tightened by a set of plastic clips 

lined with a band of foamed silicon rubber. The separating gels contained 11 .25% of 

Acrylamide and 0.135% by weight of N.N-methylene-bis-acrylamide in I M Tris-HCI 

buffer (pH 8.8) with 0.27% SOS. The gels were polymerised chemically by the addition 

of 20 ~t1 by volume of tetramethylethylene-diamine (TEMED) and 10% ammonium 

persulfate (APS). The stacking geJs consisted of 30% acrylamide and O . 8~o N N­

methylene-bis-acrylamide in 0.25 M Tris-IICI buffer (pi I 6 .8) containing 0.2% SOS The 

stacking gels were polymerized chemically in the same way as for the separat ion gel. The 

elect rode buffer contained Tris-glycine (9.0 g Tris He l and 432 g glycine per 3 litre::: 

buffer solution at a pH 8.9) with 3.0 g (0.1%) SDS. Six JlI of proleilt supernatant were 

applied into the wells in stacking gel sample wells with a microsyring.e. 

3.6.1.2 Staining and destaining 

After electrophoresis, the gels were stained with 0.2% (w/v) coolllassic brilliam 

blue R250 di ssolved in a so lution containing 10% (v/v) acctic acid , 40% (v/v) methanol 

and water in the ratio of 10:40:60 (v/v) for one hour. Gels were lhen destained by 

washing with a solution containing 5% (v/v) acetic acid, 20% (v/v) methanol and water in 

the ratio of 5:20:75 (vlv) until the colour of background disappeared and electrophoresis 



bands were clearly visible. After destaining, the gels wei e dt led u::.mg gel drying 

processor for about 100 minutes 

3.6.2.3 Dafa Analysis 

Dependi ng upon the presence Of absence of polypeptide bands, simi larity index 

was- calculated for all pos!o.ible pairs of protein types To avoid taxonomic weighing, Ihe 

intensity of bands was not taken into consideration, only the presence of the bands was 

taken as indicati ve. The scores were " )" for the presence and "0" for the absence of a 

band. Presence and absence of Ihe bands were entered in a binary data matrix . Based on 

results of electrophoretic band spectra, Jaccard ' s similarity index (JSI) was ca lculated for 

all possible pairs of protein types electrophoregrams by the following formula (Sneath & 

Sokal. 1973): 

S W/(A + B - W) 

where "W" is the number of bands of common mobility, lO A" the number of 

bands in protein type A and B is the number of bands in protein type B. 

The similarity matrix thus generated was converted to a dissimilarit y matrix 

(Dissimilarity = J- similarit y) and used to construct dendrogram by the unweighcd pai r­

group method wi th arithmetic means (Sneath & So~al , 1973). All the analyses were 

carried out using a statistical package NTSYS-pc, version I 8 (Rohl f. 19(3) and 

"STATISTIA" ror Windows 95, 

3.7 YIELD LOSSES IN CHICKPEA DUE TO BLIGHT 

Since blight is a major problem of chickpea production, it is essential that the 

lines developed are likely to be released as varieties to be tested prior to their release 

against heavy induced blight attack to measure the extent of economic loss. 

The experimental material comprised of seven chickpea genotypes (C 44, C 727, 

eM 72. Dasht , Parbat, NlF A 88 and Punjab 91) with varying level or loleranee again" 

Ascochyltl blight (Appendix-Vlll) . These genotypes were sown in the experimental field 

of Pulses programme, NARC, Islamabad during October, 1998 in a split plot randomized 



complelt: block dc~ign with four replications. Two treatments T I (di sease created 

an iticially), T2 (pro tected from disease) were placed in main plo ts and varieties were 

placed in subplots r he maIO pluts were Isolated from each other bv growing a lall wh\!lIl 

variety (C 591) between them. Each subplol consisted of 6 rows of -1 meters length \\Illh 

inter row spacing of 30 cm and plant to plant d istance of t(J cm In I I. plants \H'rc 

inoculated wilh A. rabll!l in the foml of diseased debris of chic).. pea l>upplelllt:i1leo with 

spore suspension having concentration of 5 x 105 spore per 011. Plallls in T2 were 

protected from disease with continuous sprays of daconil (Chlort ha lonil WI) 70) 

Ilmgicide at an interval of 15 days starting one month after germination. In T2. humidity 

was created by continuous spray of watcr in the even ing for developing Ihe disease 

conducive conditions and initiation of infection. 

The blight incidence on vegetative parts was scored on 1-9 scale (Singh ci aI, 

1981) using 20 randomly selected plants from the middle rows of the sub·plot Disease 

severity index (DSI) was calculated according to the following formula of Gemavat and 

Prasad ( 1969)· 

Total or all disease rat ings 100 

DSI ~ --------- x ---------------
No. of plants observed Maximum di sease rating 

Percent infection on pods and seeds was observed on 200 randomly sampled pods The 

data on number of pods/plant. number of seed/plant and grain weight/plant were recorded 

on 20 random plants of each plol. Yield per plot (6 x 1.8 1ll
2

) was also recorded Percent 

loss of yield and other components was calculated on the basis of difference between 

healthy and diseased planls. 



CHAPTER-4 

RESULTS 

The survey to study the prevalence, incidence and severity of blight disease was 

carried out in major chickpea growing areas. During this survey 459 farms from 76 

localities scattered over fourteen districts of Punjab and NWFP were inspected 

(appendix-I). Factors affecting blight disease development such as inoculum level, age of 

plant and leaf wetness period was determined. Forty two isolates of A.rabiei collected 

from various locations during the survey, were maintained for the study of morphological 

as well as pathogenic variability. Screening of chickpea germplasm from various national 

and international sources was obtained to screen them against blight under green house 

and field condition at the seedling to pod forming stages. Morphological as well as 

biochemical characteristics associated with blight were studied. Losses in yield and yield 

components in commercial and advanced chickpea lines were assessed. 

4.1 SURVEYS FOR ASSESEEMENT OF CHICKPEA BLIGHT 

4.1.1 Prevalence: 

Ten districts of Punjab and four of North West Frontier Province (NWFP) where 

chickpea is the major winter crop were surveyed and samples of chickpea plants infected 

with blight were collected. Different numbers of samples were obtained from various 

locations depending on the disease incidence and severity. Three hundred and seventy 

three farms from 55 localities distributed across the 10 districts of Punjab and 86 farms in 

21 localities of 4 districts in NWFP were surveyed. The disease was most prevalent in the 

districts of Attock, Rawalpindi, Sialkot and Norowal where 100% farms were affected 

with blight (Table 4.1). The disease prevalence in all the 14 districts surveyed varied 

from 9.35 % to 100%. The minimum disease prevalence was observed in Districts Jhang 

and Leiah. (Fig 4.1). 

In the district of Chakwal 100% disease was prevalent in the areas of Baun, and 



Balkasar with 88.7 % distric t mean of disease prevalence. Whereas in the areas of 'I'hoa, 

RupowaJ and Dhudial. the disease prevalence varied from 80% to 83.3%. The mean 

disease prevalence 10 the dl stncl of Mianwali was 76.2% with a range of 66,7· 100%. 

Only in the Dab area, 100% [rums were wected with the disease. Minimum pre\'alence 

of disease in this dist.rict was observed in Wal1bhacran and Hamoli. 

The disease prevalence data from district Khushab revealed thai 33.4 to 47. 1 % 

disease prevailed on 70 famls of 8 localities. Maximum (47. 1%) di se<lse prevalence was 

observed at Hemoka where 9 fanns were visited whereas minimum (33.4%) at Adhikot 

where 11 farms were inspected. Maximum farms were surveyed in district Bhakhar, 

which has maximum chickpea area. The disease prevalence in this district ranged from 

16.7 to 38.1%. Maximum number of farms infested with disease in Bhakhar were located 

in Kalikow locality and minimum in Mankera. A total of 90 farms were visited and it 

was found that 27.4% farms were having blight disease in tbis district. In districi of 

Leiah. 53 fanns were visited. The disease prevalence ranged from 0 10 28.6.5%. No 

disease was observed in any fann at Nawankol and Falepur. Disease prevalence was 

observed 14.3, 16.7 and 28.6%in the area of Kot sultan. K.harewa!a and Cbaubara. 

respectively. Similarly, in the district of Jhang. the disease prevalence ranged from 0 to 

25% and in most of the localities, blight was not observed at all. However, at the 

localities of Atharanhazari , Daultana and Dager, blight wus 14.3, 16.7 and 25%. 

respectively. 

In NWFP, maximum blight was recorded in the district of Karak with mean 

disease prevalence of86,3% and in the other districts i.e. , Lakki Marwal, Bannu and 0 .1. 

Khan, it was 43.0, 23.4 and 18.4%, respectively. In district Karak, 21 fanns were 

surveyed and hundred percent disease prevailed in the areas of Bahadar Khel, 

Ahmadwala, and Banda Daud Shah whereas in the localities of Karak , Lachi and 

Shanwala, it ranged from 50-75%. In district Lakk.i Marwat, hundred percent disease was 

present in the area of Shehbaz Khe! , where as no blight was observed in the area of Pezu, 

In other areas of this district, blight ranged from 25 to 50%, Mean disease prevalence in 

district Bannu was 23.4% with maximum rusease prevalence (28.7%) at Sarae Norang 

and no disease was observed in the area of Dome Ii. Similarly, in District D.1. Khan, mean 

1'1 
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disense prevalence was 18.4% with a range 0[0 to 28.6%. 

4.1.2 INCIDENCE AND SEVERJ'fY 

The highest mean disease incidence (93.3%) was recorded at Jalh in district 

Rawalpindi, (Table 4.1). The maximum disease incidence range of 86-98% was recorded 

at Oolatala and lowest of 80-96% at Tamol. Maximum mean disease severi ty of 8.3 was 

found at Dolatala whereas the minimum severity (t).3) with range 5-7 was found at Jalli. 

The highest mean disease incidence (92.5 %) in district Sialkot was recorded at Sahowali 

and minimum (8ft8%) al Chowinda. The highe.c;t mean di~ea.c;e .c;everity of 7.8 with the 

highest severity range (6-9) was found at Sahowali and the lowest mean disease severity 

of 6.2 with the severity range of 3-9 was found at Chowinda. District-wise mean disease 

incidence indicated that it was 91 .5 and 90.7%, respectively for Rawalpindi and Sialkol. 

The highest mean disease incidence of 93.0% in district Norowal was found at 

Mansoorwali that was followed by 92.7% incidence recorded at Zafarwal and Chak ammo 

The lowest mean disease incidence. which was 78.5%, was obselVed at Naina kot. 

Maximum disease incidence which ranged from 90 to 98% at Chak ammo The lowest 

disease incidence which ranged from 60 to 90% at Naina kot. Even a single faml in this 

district wns not free from the disease. The highest mean disease severity (8) was found at 

Mansoorwali and followed by 7.7 each at Zafarwal and Chak ammo The lowest mean 

disease severity (5) was found at Naina kot. Similar sort of disease trend was obselVed in 

Dis!. Attock, where maximum mean disease incidence of 85.6% was recorded at Nara 

fo llowed by 82.3 at Jand. The minimum mean disease incidence 65.3% for this district 

was found at Pindi gheb. The maximum disease incidence with range of 70 to 94% was 

recorded at Jand followed by 80-90 and 72-90% at Nara and Attock, respectively. The 

lowest being 40-80% at Pindi gheb. The maximum and minimum for a faml was 

recorded at Jand and Pindi gheb, respectively. No fann in this district was free from the 

disease. 

In district Chakwal. the highest mean disease incidence (89.2%) was found at 

Balkasar followed by 76% at Shaun, whereas, the lowest mean disease incidence (56.4%) 

was found each at Thoa and Rupowal. The disease incidence range of 60-94% recorded 



at Bhaun was followed by 80-90% at Balkasar. The lowest being 0-80% at Rupowul. 

Maximum dIsease incidence of 94% was found in n filml al Bhaun, whereas some famls 

at Thoa, Dhudial and RupowaJ were free frolll the disease. In this disLrict, highest mean 

disease severity o f6.7 was recorded at Shaun, whereas Ihe lowest mean disease severity 

of 4 8 was recorded at Thoa The maximum disease severity range of 5-9 was found al 

Balkasar and the mllHmum seventy range of 1-7 was at Thoa and Dhudail 

The highest mean disease incidence (65.3%) in district Mianwali was found at 

Dab followed by 44% and 42% at I-Iamoli and Wanbhachran, respectively. The lowest 

disease incidence (37.2%) was recorded at Chashma. The maximum disease incidence 

range (50-76%) was found at Dab. Some of the farms at Hamoli, Wanbhachran and 

Chaslmla were free from the disease. 

In district Khushab mean disease incidence ranged [rom 12% to 29 %, which 

were respectively recorded at Ukhli mola and Adhikot. The maximum disease incidence 

64% was found at Ukhli mola where disease free plots were also found. Minimum 

disease incidence ranging from 0-40% was observed at Adhikot. The highest mean 

disease severity (2.9) was found at Rangpur and the lowest (2.1) at Adhikot and Garot. 

The maximum disease severity where it ranged from 1-7 was recorded at Roda. 

The mean disease incidence of va rio liS localities in Distt Bhukar varied from 3.0 

(at Mankera) to 23.3% (at Kalurkot). The disease incidence data revealed that the 

maximum disease incidence that ranged from 0-70% was observed at Kallurkot whereas 

minimum disease incidence (0-20) at Mankera. In this district, the maximum mean 

disease severity (2.7) was found at Kallurkat and minimum 1.3 was found al Mankera, 

Dullewala and Goharwala. 

In district Leiah, the highest mean disease incidence (8%) was recorded at Karar. 

The minimum mean disease incidence in this district was 2%, which was recorded at Kot 

sultan. Disease was not found even in a single fann at Nawankot and Fatehpur. The 

highest mean disease severity (1.6) was recorded at Karor followed by 1.4 al Chaubara. 

The lowest mean disease severity (1.3) was found at two locations, Rakh kharewala and 

Kat sultan. Similarly. in district Jhang, the highest mean disease incidence of 5.4% was 



ble 4.1 :Prevalence, incidence and severity of Ascochyta blight in major chickpea growing 
areas of Punjab and NWFP of Pakistan (1995) 

,trict Locality No. of Disease Disease Incidence Disease severity 
Farms Prevalence (%) (1 -9 rating) 

(%) 

Range Mean Range Mean 
2 3 4 5 6 

walpindi Jatli 3 100 90-96 93.3 5-7 6.3 
Doltala 4 100 86-98 92.5 7-9 8.3 
Tamol 3 100 80-96 88.7 7-9 7.7 

10 100 91.5 7.4 
lkot Sahowali 4 100 84-98 92 .5 6-9 7.8 

Chowinda 5 100 50-98 88.8 3-9 6.2 
9 100 90.7 7.0 

rowal Zafarwal 3 100 90-96 92.7 7-9 7.7 
Dam1an 5 100 80-98 90 .8 5-9 7.2 
Chak amru 3 100 90-98 92 .7 7-9 7.7 
Naina kot 4 100 60-90 78.5 3-7 5. 0 
Mansoorwali 2 100 90-96 93.0 7-9 8.0 

17 100 89.5 7.1 
ock Attock 5 100 72-90 81.2 5-9 7.2 

Jand 7 100 70-94 82.3 7-9 6.3 
Fate jang 9 100 40-86 70.4 3-9 6.1 
Nara 5 100 80-90 85 .6 7-9 7.8 
Bahtar 5 100 46-84 70.8 3-9 5.8 
Hassanabdal 4 100 52-80 71.0 3-7 5.5 
Pindigheb 6 100 40-80 65.3 3-7 5.8 

41 100 75.3 6.4 
lkwal Thoa 5 80 0-86 56.4 1-7 4.8 

Dhudial 6 83.3 0-90 60.0 1-7 5.2 
Bhaun 6 100 60-94 76.0 3-9 6.7 
Balkasar 5 100 80-90 89.2 5-9 6.2 
Rupowal 5 80 0-80 56.4 1.8 5.2 

27 88.7 67.6 5.6 
lnwali Hamoli 3 66.7 0-72 44.0 1-7 4.3 

Wanbachran 6 66.7 0-70 42.0 1-6 3.5 
Chashma 7 71.4 0-70 37.2 1-7 3.4 
Dab 3 100 50-76 65.3 3-7 5.0 

19 76.2 47.2 4.1 
ushab Rangpur 8 37.5 0-48 22.8 1-5 2.9 

Nurpur 9 38.9 0-46 15 .6 1-5 2.3 
Adhikot 11 33.4 0-40 12.0 1-5 2.1 
Roda 10 45 .0 0-58 16.4 1-7 2.4 
Girot 11 36.4 0-60 15.1 1-5 2.1 

Hemoka 9 47.1 0-44 21.6 1-5 2.5 
Mithantiwana 5 40 0-50 19.2 1-5 2.2 
Ukhli mola 7 46.6 0-64 29.0 1-5 2.4 

70 40.6 19.0 2.4 
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2 3 4 5 6 
Lkhar Bhakhar 8 26.7 0-48 11.0 1-3 1.5 

Kallurkot 12 38.1 0-70 23.3 1-5 2.1 
Basti sha alam 9 33.3 0-50 9.8 1-3 1.7 
Punj gran 10 35.0 0-44 14.4 1-3 1.6 
Darya khan 9 34.4 0-38 10.9 1-3 1.6 
Mankera 12 16.7 0-20 3.0 1-3 1.3 
Dulle wala 10 20.0 0-28 4.8 1-3 1.3 
Goharwala 11 20.0 0-22 3.5 1-3 1.3 
Nawanjanan wala 9 22.2 0-24 4.7 1-3 1.4 

90 27.4 9.5 1.5 
th Kharewala 6 16.7 0-22 3.6 1-3 1.3 

Kaoror 7 28.6 0-30 8.0 1-3 1.6 
Kot sultan 7 14.3 0-14 2.0 1-3 1.3 
Chaubara 10 20.0 0-20 5.6 1-3 1.4 
Nawan kat II 0.0 0 0 I 1.0 
Fatepur 12 0.0 0 0 I 1.0 

53 13.3 3.2 1.3 
Trimun 3 0.0 0 0 I 1.0 
Athran hazari 7 14.3 0-22 3.2 1-3 1.3 
Sanyasi wala 6 0.0 0 0 I 1.0 
Veh 7 0.0 0 0 I 1.0 
Dager 8 25.0 0-28 5.0 1-3 1.5 
Daulatana 6 16.7 0-24 4.0 1-3 1.3 

37 9.3 2.1 1.2 
illan DI Khan 5 20 0-32 6.4 1-3 1.4 

Akal ghar 4 25 0-20 5.0 1-3 1.5 
Kafir kat 6 16.7 0-24 4.0 1-3 1.3 
Kotjai 7 28.6 0-28 6.9 1-3 1.6 
Saggu 5 20 0-20 4.0 1-3 1.4 
Yarik 3 0 0 0 I 1.0 

30 18.4 4.4 1.4 
1U Sarae gambila 5 40 0-38 9.6 1-3 1.6 

Saraae nurang 7 28.7 0-16 4.0 1-3 1.6 
Ghari wala 4 25 0-12 3.0 1-3 1.5 
Domeli 2 0 0 0 1.0 

18 23.4 4.2 1.4 
:.i marwat Lakki 4 25 0-24 8.0 1-3 1.5 

Pezu 2 0 0 0 I 1.0 
Shehbaz khel 2 100 50-100 7.5 3-5 4.0 
Aba khel 4 50 0-40 15 1-5 2.5 
Isa khan 5 40 0-40 11.6 1-3 1.8 

17 43.0 8.4 2.2 
k Karak 4 75 0-90 57.5 1-9 5.5 

Bahadar khel 3 100 84-98 90.7 7-9 7.7 
Ahmadwala 6 100 70-100 71.7 5-9 6.7 
Banda daud shah 2 100 74-92 83.0 7-9 8.0 
Lachi 2 50 0-56 28.0 1-5 3.0 
Shan wala 4 75 0-70 40.0 1-7 3.8 

21 83.3 61.8 5.8 
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recorded at Dager followed by 4% at Oaulslana. The minimum mean disease incidence 

3.2% was found at Atharanhazari. In this district, most of the fanns were quile free from 

the disease. The highest mean disease severity was 1.5, recorded at Duger followed by 

1.3 each at Alharanha7.ari and Daulatana. 

1n district OJ. Khan, maximum mean disease incidence (6.9%) was recorded at 

Kotjai and minimum (4.02%) was found at Kafir kat and Saggu. No disease was found at 

Yank. Mean for disease severity varied from 1.6 recorded at Kat jai to 1.3 recorded at 

Kafir kat Similarl y, in district Lakki marwat, the highest mean disease incidence was 

15.6% that was recorded at Aba khel fo llowed by 11.6% and 8% at Tsa khan and Lakki, 

respectively. The minimum mean disease incidence (7.5) was found al Shehbaz khe!. In 

this district majority of the famt was free from the disease. The highest mean disease 

severity of 4 was recorded at Shehbaz khel followed by 2.5 at Aba khel whereas 

minimum 1.5 was found at Lakki. 

In district Karak , the highest mean disease incidence that was 90.7% was recorded 

at Bahader khel followed by 83 and 71.7% at Banda Daud Sha and Ahmad wnla, 

respectively. The lowest mean disease incidence of28% was found at Lachi also with the 

lowest incidence range of 0~56%. The highest mean disease severity (8) was recorded at 

Bmlda daud shah followed by 7.7 and 6.7 at Bahader khel and Ahm.d wa!;L The lowest 

mean disease severity of3.0 was found at Lachi. 

4.2 FACTORS AFFECTING DISEASE DEVELOPMENT 

Before initiating the studies on pathogenic variability and screening of chickpea 

gerrnplasm against blight, some factors (inoculum level, age of the plants at the time of 

inoculation and wetness! incubation periods), which are prerequisite for bl ight, were 

detemtined. 

4.2.1 Effect of inoculum concentration on disease development 

There was a positive correlation between disease severity and inoculum 

cOIlcentralion in used with the range of 5xl04, Ixl05• l.SxlOs and 5xlOs spores per Illl 

(Figure~4.2). The control plants remained healthy. Disease symptoms were generally 
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least severe on Dashat aud Parbat varieties of chIckpea, wilh mean disease seventy of 

3.4, 4.2, 4.8 and 5.0, respectively on Dashat while on Parbat, it was 3.2, 3.8, 5.0 and 5.0 

at all inoculum concentration levels. Two varieties C-727. ll.C-263 and Punjab-

91 showed mean disease severity of 4.6. 6.0 and 4.4 respectjvely. when inoculated with 

5xl04 spores per 011. These cultivars showed mean disease rating in the range of6.2 to 

7.8 and 6.4 to 8.6, respectively al lhe inoculum of lxlOs and 2.5xlOs spores per ml, 

respectively. fLC-263 and C-727 were completely killed at the inoculum concentration of 

5x 1 0' (14 days after inoculation). 

4.2.2 Errcct of plant age on disease development 

Punjab-91and C-727 were tested against blight at different physiological stages 

from 2 to 12 weeks ailer sowing, representing various stages from seedling 10 the pod 

forming stage. The results showed that disease was marc severe on 2 week old seedlings 

of the genolypes than on older plants (Figure-4.3). The older plants showed pale 

yellowish discoloration of Ihe entire foliage and leaf abscission was more severe 

compared to young plants. The control plants remained healthy and did not show any sort 

of symptoms. It was observed that the disease was more severe on C-727 as compared to 

Punjab-91. 

4.2..3 Effect ofspray nnd incubation periods on disease development 

The results of this study revealed that in all the cultivars. incubation periods of 3 

and 4 days when sprayed with water for 1 or 2 times a day had a signi ficant effect. 

Longer incubation periods, i.e., 4 days was more effective when sprayed twice a day 

(Table-4.2). The maximum infection frequency occurred with 2-sprayS/4 days of 

incubation period and also with 2spray/3days incubation period. whereas less infection 

and disease development occurred with no spray/I-day incubation period. No disease was 

developed on the plants that were not incubated and also water was not sprayed on them. 

Results showed that Dashat was resistanUtolerant for all leaf wetness periods, with or 

without water spray. whereas other cultivars were susceptible and increasing the period 

of leaf wetness as well as water spray increased disease severity. Only C-727 showed a 

susceptible reaction in all the treatments. 



lO l 
9 

8 

7 
• C-727 

6 
. ILC-2 63 

5 o PlUljah-9 1 

o Dasht 
4 

• Pa rhat 

3 

2 

o 
5 x 1()4 1 x 10' 2.5 x 10' 5 x 10' 

Spore density 

Fig. 4.2:- Effect of inoculum levels for the development of Ascochyta 
blight in chickpea 

55 

r=O.5883 

r=O.9740 

r=O.55 19 

r=O.8847 

r=O.8847 



10.0 I 

9.0 l 
8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

2-Weeks 4-Weeks 6-Weeks 8-Weeks 100Weeks 12-weeks 

Fig. 4.3:- Response of Ascochyta blight at various growth stages of plants. 

56 



Table 4.2 :- Effect of number of sprays and incubation period on blight infection in chickpea 

Variety Disease rating ( 1-9 scale) 

OSlO D 0 SII DO SI2 DO S/3 DO S/4 D 1 S/O D 1 SII D 1 SI2 D 1 S/3 D 1 S/4 D 2 S/O D 2 S/1 D 2 SI2 D 2 S/3 D 2 S/4 D 

C-727 l.0 P 7.0 f 7.6 e 8. 1 bcd 9.0 a l.0 p 7.0 f 7.9 cde 9.0 a 9.0 a l.Op 9.0 a 9.0 a 9.0 a 9.0 a 

Parbat l.0 p 3.5 mn 5.0 I . 5.5 h 7.8 de l.Op 3.8 mn 6.8 f 7.0 f 7.0 f l.0 P 7.0 f 7.0 f 9.0 a 9.0 a 

Dasht l.Op 2.2 0 3.4 n 4.21 4.7 ij l.0 P 2.3 0 3.4 n 3.7 mn 4.6 jk l.0 P 3.91m 4.2 kl 4.6jk 6.2 g 
\T 
~ 

Pb-1 l.0 P 6.2 g 7.0 f 7.8 de 9.0 a l.0 p 5.0 I 7.0 f 8.2 bc 8.5 b l.0 P 7.0 f 9.0 a 9.0 a 9.0 a 

Figures having same letters are insignificantly different at 5% probability. 
S= No. of sprays D = days for incubation 



4.3 VARlABlLlTY IN ASCOCHYTA RABIE! 

Maorphological as well as pathogenic variabi lity in A. rabiei was studied for the 

better understanding of the host-pathogen interaction. Resistance to bhght In new 

generation of genotypes needs to be evaluated and variability In the pathogen used to 

guide resistance breeding. 

4.3.1 Morpbologica l variability In A. rabiel 

Differences in morphological characters of A,rabiei such as radial growth on 

medium, co lony co lour, size of pycnidia and pycnidiospores were observed. In case of 

the radial growth of forty-two isolates of the fungus, a signifi cant difference was 

recorded. It ranged from 2.6 to 6.7 ern when observed 15 days after incubation, The 

isolates BR-3 and KK-l with a colony diameter 6.7 and 6.6 em, respectively were 

considered fast-growing; isolates BN-I, MN-S, 01-1, and SR-I (linear growth less than 

3.0 em) were rated as slow-growing and rest of the isolates were intennediate i.c., with 

linear growth between 3.0 to S.l cm. Amongst all the isolates, the BR-3 was found fast­

growing (6.7 em) while BR-l (2.6 em) was observed to be slowest growing (Table 4.3). 

The isolates also showed some differences in colony colour that varied from light 

brown to black. There were five groups of the isolates on tlle basis of colony colour; light 

brown, brown, dark brown, grey and black. Sixteen isolates were light brown, eleven 

isolates were brown, six isolates were dark brown, two isolates were gray and seven 

isol:.tles were black in colour (Table 4.3). 

Data on cultural and morphological characteristics of the aforementioned 42 iso lates, 

such as pycnidial [omlalion revealed that abWldant [onnation of pycnidia were obtained in 

case of 10 isolates while least pycnidial [onnalion was observed in 14 isolates. Rest orthe 

isolates showed the intennediate response for pycnidial rom13tion (Table 4.3). 

The data on size of pycnidia and pycnidisopres showed that maximum size of 

pycnidia was obtained from isolates of FD-2 (225 x 224~un) and AT-2 (204 x 205~m) 

respectively, with the pycnidiospores size of 10 x 4.Sllm and 9.0 x S.O~m. These isolates 

were fo llowed by isolates KN-I (194 x I 98)lm) and FD- I (194 x I 96f'1l1). The smallest si.e 



Table-4.3: Morphological characteristics of various isolates of Ascochyla rahiei 

S.No Isolates Colour Pycnidial Colony Pycnidial Pycnidio-
formation growth size (J.1m) spore size 

(Cm) (,101) 
1 KB-I Light Brown ++ 4.4 fg 132.·127mno II .Ox5 .0 c 
2 BR-4 Light Brown + 3.9 ijk 128xl21 nop Ilx5.0 c 
3 BR-3 Brown + 6.7 a 113xl15 mn 9x5 .0 h 
4 LY-4 Light Brown ++ 3.9 ijk 142xl32 kim IOx5.0 ef 
5 KT-2 Brown + 3.7 klm 108x113 q IOx5.0 cf 
6 MN-4 Light Brown + 3.9 ijk 118x 118pq 10.Ox6 .0 b 
7 KT- l Brown ++ 3.7 klm llOx110 q 13x5.0 a 
8 MN-5 Black + 2.8op 124xl22op 8x4.0 k 
9 LY-2 Brown + 3.7 klm 89x94 r 9.0x5.0 h 
10 AT-} Light brown ++++ 4.7 de 113xl14q 8.5x4.0 k 
II BR-5 Gray + 3.0 0 138x13 I 1m 9.0x5.0 h 
12 BR-2 Light brown + 4.3 gh 113xl23 pq 8.5x5.0 I 
13 KK-2 Light brown ++ 3.5 m 107xlli q 9.0x5 .0 h 
14 IN-2 Light brown + 5.0 bc 113xl13q 8.5x5.5 h 
15 KB-3 Gray + 4.0 ij 91x85 r 7.5x5 .0 j 
16 NC-3 Dark brown ++++ 4.0 ij 118xlll q Ilx5 .0 c 

17 NC- l Brown ++++ 3.8 jkl 139x141 kl IOx5.0 ef 
18 BN-2 Light brown + 4.1 hi IOIx95 r 8.4x5 .0 I 

19 01-2 Light brown + 3.6lm 107xlli q 9.5x4.4 j 
20 LY-3 Light brown + 3.3 n 145x128 klm 9x5.0 h 
21 NC-2 Light brown ++++ 3.61m 115xl19pq 9.4x5.0 gh 
22 AT-2 Black ++++ 4.3 gh 204x205 b 9.0x5.0 h 
23 BN-I Black ++ 2.9 0 152xl50j II.Ox5.0 c 
24 KB-2 Brown ++ 3.00 155xl53 j 9.0x5.0 h 
25 KN-I Dark brown +++ 4.7 de 194xl98c IOx5.0 ef 
26 MN-3 Light brown ++ 5.1 b 181xl83 f llx5.0 c 
27 01-1 Black ++ 2.7pq 135x135lm IOx5.0 ef 
28 BR-I Black ++ 2.6 q 135xl30lm IOx5.4 cd 

29 FD-2 Black + 3.2 n 225x224 a 10x4.5 h 

30 CL-2 Light brown ++++ 4.9 cd 184xl86 ef Ilx5.1 c 
31 MN-I Dark brown +++ 4.4 fg 175x176 gh Ilx5.5 b 

32 ST-l Dark brown ++++ 4.3 gh 170xl75h 10x5 .0 ef 

33 AT-3 Brown ++++ 4.6 ef 164x l67 I IOx5.4 cd 

34 IN-l Dark brown + 4.6 ef 186x l96cd IOx5. 0 ef 

35 ST-2 Brown +++ 4.9 cd 183xl77 fg IOx5 .5 c 

36 AT-5 Black +++ 4.2gh 162x167 I 9x5 .5 fg 

37 AT-4 Light brown ++++ 4.0 ij . 188x 189 de Ilx5.4 b 

38 MN-2 Light brown +++ 4.9 cd 140xl47 k 12x5 .0 b 

39 FD- l Dark brown ++ 3.8 jkl 194x196 c 9.5x5 .5 de 

40 CL- l Brown ++++ 4.7 de 191 x l86 de IOx5 .0 ef 

41 KK-l Brown +++ 6.6 a 113x 115 q 9x5 .0 h 

42 CL-3 Brown +++ 4.6 ef 164x 167 I IOx5.4 cd 



or pycnid. waS observed in iso lates, KB-3 (91 x 851'), LY-2 (89 x 941') and BN-2 (1 01 x 

95 ~lm). respecti vely (TabJe-4.3). On the basis ofpycnid ial size, the iso lates were calegorized 

Into 23 groups whereas they were divided in to 12 groups according 10 the size of 

pycnidiosporcs. The largest spore size was observed in isolate KT- I (13 x 5 .0~m) fo llowed 

by isotates ofMN-1 (11.0 x 5.5!,m). MN-2 (12.0 x 5.0!,m). MN-4 (10.0 x 6.0~un) and AT-4 

(11.0 x 5.4pm). respecti vely, while Ute smallest spores were obtained m MN-5 (8.0 x 

4.0~'m) and AT- I (8.5 x 4.0~'m). 

4_3.2 Pathogenic variability in A. rabi,i 

The reaction of 42 iso lates of A. rabiei on seven differential cultivtlrs of chickpea 

indicated that the cultivars C-727. C 44. ILC 263 and CM 72 were susceptible to all the 

isolates while remaining three varieties were tolerant and exhibited variation in disease 

reaction with different isolates. Isolates of A. rabiei greatly varied in their pathogenic 

reaction to 7 different genotypes (Table 4.4). The analysis of variance showed significant 

differences (P < 0.001) for both the factors. The interaction was also highly significant, 

this source of variation and that of the isolates represented high proportions of the total 

SUIll of squares (TabJe-4.5). 

The virulence rat ing of each isolate on all the lines tested exhib ited a large but 

continuous variability. All the cultivars showed symptoms involving both leaves and 

stems when treated with various isolates. 

The factor analysis showed that three factors gave eigen va lues greater than 

unity, whereas others were < I, hence first three principal components were considered 

important in contributing variation amongst 42 isolates. First tluee components 

contributed 75.9% of the total variability (Table-4.6). The first PC was more related to 

blight reaction with different varieties rather than morphological characters of isolates. 

Pycnidial fomlation was more related to first PC and second PC contributed more for 

isolate colony colour, whereas variability for other morphological traits was distributed 

among all the three components. All the variables except colony colour contributed 

positively to PCI : thus this principal component is a weighted average of the characters. 

Figure-4.4 presents the vinllence status of A. mbiei isolates collected from various 
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Table 4.4: Pathogenic variability of various isolates of Ascochyla rabid 

DIFFERNTIAL OF CUL TIVARS 
S. ISOLAT E C-727 ILC- C-44 CM-72 Piadar- Noor-91 Punjab-

No. 263 91 91 
I KB- I S S S S S S S 
2 BR-4 S R R S R R R 
3 BR-3 S S S R S S R 
4 LY-4 S S S S S S S 
5 KT-2 S S S R R R R 
6 MN-4 S S S S S R R 
7 KT-l S S S S S S S 
8 MN-5 S S S S R R R 
9 LY-2 S S S S S S S 
10 AT-l S S S S S S S 
11 BR-5 R R R R R R R 
12 BR-2 S S S S S R R 
13 KK-2 S S S S S S S 
14 IN-2 R S R R R R R 
15 KB-3 S S S S S S R 
16 NC-3 S S S S S S S 
17 NC- l S S S S S S S 
18 BN-2 R R S S R R R 
19 01-2 S S S S R S R 
20 LY-3 S R S S S S R 
21 NC-2 S S S S S S S 
22 AT-2 S S S S S S S 
23 BN- l S S S S R S S 
24 KB-2 S S S S S S S . 
25 KN-l S S S S S S S 
26 MN-3 S S S S S S S 
27 DI-l S S S S R R S 
28 BR- l S S S S S S S 
29 FD-2 S S S S S S S 
30 CL-2 S S S S S S S 
31 MN-l S S S S S S S 
32 ST-l S S S S S S S 
33 AT-3 S S S S S S S 
34 IN-l S S S S R S S 
35 ST-2 S S S S S S S 
36 AT-5 S S S S S S S 
37 AT-4 S S S S S S S 
38 MN-2 S S S S S S S 
39 FD- l S S S S S S S 
40 CL-l S S S S S S S 
41 KK-l S S S S S S S 
42 CL-3 S R S S S S S 

R = resistant, S = susceptible 
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:tble-4.5. Two-factor analysis of variance for the reaction of 7 chickpea varieties to 42 isolates 
of Ascochyta rabiei collected from Pakistan 

)urce of Df Sum of Mean Fvalue Probability Standard 
triation squares squares error 
eplication 2 1.75 0.87 4.00 0.02 0.02 

arieties 6 264.09 44.01 201.65 0.00 0.04 

olates 41 1379.97 33.66 154.20 0.00 0.10 

lteraction 246 431.51 1.75 8.04 0.00 0.27 

rror 586 127.907 0.22 

oefficient of Variation: 6.22% 
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able 4.6:Principal Components (PCs) for cultural characterization and disease reaction of 42 
isolates of Ascochyta rabiei 

PC l PC2 PC) 

igen value 6.531 1.563 1.0 15 

roportion of 0 2 54.426 13.025 8.458 

umulative 0
2 54.426 67.452 75 .9 1 

Eigen vectors 

olony colour -0.14 0.86 -0.08 

ycnidial formation 0.88 -0.06 -0.06 

adial growth 0.28 -0.77 0.02 

ycnidia 0.50 0.30 0.50 

pores size 0.37 -0.13 0.80 

lisease reaction with variety C-727 0.85 0.27 -0.0 1 

lisease reaction with variety ILC-263 0.78 0.14 0.08 

lisease reaction with variety C-44 0.86 0.09 -0.02 

lisease reaction with variety CM-72 0.87 0.07 -0.19 

lisease reaction with variety Piadar 0.86 -0.14 -0.21 

lisease reaction with variety Noor-91 0.93 -0.05 -0.16 

lisease reaction with variety Punjab-91 0.92 -0.02 -0.05 

'. 
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localities/districts of two I>rovinces; Punjab and NWFP that represents the major chickpea 

growing areas of Pakistan. The isolates collected from six sites (Kaghan, Kahat, 

Islamabad, Attock, Sislkot & Faisalnbad) gave the most vim lent reaction consistently 

(Tablo-4.6). 

Two clusters were observed using UPGMA method for constructing dendrogram 

(Fig. 4.5). Cluster I consistcd of four isolates and these all were less virulent originating 

from the districts of Jh.ng, Bhakar (Punjab) and Bannu (North West Frontier Province), 

whereas cluster IT consisted 38 isolates of diverse origin. This cluster could be further 

separated in to two sub clusters, i.e., twelve isolates did not infect all the varieties. 

whereas other 26 isolates infected all the varieties at the same level and could be 

considered more virulent. 

First two factors contributing more than 67 % of the variability were plotted for 

disease reaction and three distinct groups were observed (Fig. 4.6). The most virulent 

isolates gave the similar reaction and were observed one point in extreme left of the 

graph. Least viru lent were grouped in the right half of the graph where 3 points were 

observed because of similar reaction by 2 isolates. The third category. i.e .• intennediate 

were ranging from origin to 2 at x-axis, while scattered throughout in the y-axis. It was 

obvious Oiat only virulent isolates could clearly be identHied. Although other two groups 

were separated but exhibited little breeding value dlle to non-clear-cut identification. On 

the whole, multivariate analyses were able to distinguish isolates on the basis of virulence 

rather than origin or morphologicaVcultural characterization. Some of the isolates 

collected from the same area or source behaved differently. 

4.3.3 COMBINED EEFECT OF THE LEAST AND THE MOST AGGRESSIVE 

ISOLATES ON BLIGHT 

The reaction of chickpea 16 genotypes when tested against the least aggressive 

(BR-5) and the most aggressive (AT -2) individually as well as in their combination of I: I 

ratio was recorded on 1-9 scale (Single el al., 1981). The results presented in Table 4.7, 

showed that there were significant differences both for isolates and genotypes for disease 

response .. The disease score on genotypes inoculated with least aggressive isolate ranged 



tble 4.7: Effect of isolates of Ascochyta rabiei representing the most and the least aggressive 
nature when applied separately and in combination. 

Cultivars Most aggressive Least Mixed isolate Means 

isolate aggressive 
isolate 

Dasht 5.4 2.2 2.4 3.33 

Parbat 7.0 3.2 3.6 4.60 

C 727 9.0 4.4 7.0 6.80 

C 44 9.0 5.0 6.6 6.87 

C 235 9.0 7.0 6.0 7.33 

CM72 9.0 5.0 3.4 5.80 

NIFA 88 7.0 2.6 3.8 4.47 

'JIFA 95 9.0 4.2 5.0 6.07 

Bittle 98 7.0 5.4 5.8 6.07 

'Joor 91 9.0 3.4 5.4 5.93 

Punjab 91 9.0 4.0 7.0 6.67 

Piadar 91 9.0 3.4 5.8 6.07 

3alkasar 5.0 2.2 2.4 3.20 

Wanhar 6.0 3.0 3.2 4. 07 

IT..,C 263 9.0 4.6 7.0 6.87 

)C 1 5.6 4.0 4.0 4. 53 

-,SD. (P < 0.05%) 0.9096 0.7431 0.7601 

jMS 0.517 0.345 0.361 

J. means 7.95 5.66 4.90 

Duncan's Multiple Range Test (DMRT) was performed at P< 0.05 . 



lble 4.8: Comparison of the most aggressive and the least aggressive isolates of Ascochyla 
rabiei 

Most aggressive isolate Least aggressive isolate 

Radial growth X±SD 3.00±1 .00 4.20±1.00 

t-value l.4x10
7 *** 

Probability 0.000 

-Pycnidial size X±SD 41826.7±16S. 10 1807.0±17S. 00 

t-value 170.97 ** 

Probability 0.000 

-~pore size X±SD 4S.0±12.0 4S.0±12.0 

t-value 0.00 ns 

Probability l.00 



from 2.2 to 7 whereas ill the case of aggresslve isolate and mixture of two it ranged from 

5.4 to 9 and 2.4 to 7, respectively. The isolate means of disease scores on 16 genotypes 

were 7.75, ) .98 and 4.90 respectively for aggressive. least aggressive and mixture of both 

(Table 4.7), The isolate means of disease score for least aggressive and most aggressive 

Isolates were significa.ntly different from each other However, the mean disease score of 

Lhe mixture of two isolates (4.90) was not significantly different from that of least 

aggressive isolate. The genotypic mean for disease of Balkasar and Dasht were 

respectively 3.20 and 3.33. The maximum mean disease with score 7.33 was exhibited by 

C·235, which was fo llowed by C 44 and C 727 with respective disease scores of7.33 and 

6.87. The intensity of disease on each genotype was different under three different 

treatments. The disease score of Dasht increased from 2.2 (in the case of least aggress ive 

isolate and mixture of two) to 5.4 (in the case of aggressive isolate). Similarly for 

Balkasar it increased from 2.2 to 5. 

The cultural trai ts presented in Table 4.8 revealed significant differences between 

the two isolates (BR-5 and AT-2) tested for radial growth and pycnidial size. The spore 

size in both the isolates was however the same. 

4.4 SCREENING OF CHICKPEA FOR BLIGHT RESISTANCE 

From 1994 to 1996, more that eight hundered chickpea gcnnplasm hnes and 

breeding materials were evalauated for blight resistance from seedling to pod fanning 

stages under greenhouse as well as in field conditions. The gennplasm screening during 

1993·94 revealed that none of the 248 genotypes was highly resistant at any stage, 

whereas one genotype (ICC 13555) was resistant at seedling stage and eight (86025. 

83205. 86205K. 93 164. 92003K. ICC 13555. 93069. 93027) at vegetative stage. whereas 

none of the lines was resistant at pod fonnation stage (Tables 4.9 and 4.10). During 1995, 

the results revealed that one genotype (NlFA 88) was resistant at seedling stage and fou r 

(FLIP 93-62C. ICC 3416. ICC 6373. NIFA 88) at advanced vegetat ive stage. whereas all 

the genotypes were in the range of susceptible or highly susceptible at pod fonnation 

stage except six which were moderately resistant. It was observed that most of the 

resistant genotypes originated from ICARDA except NlFA 88 that was developed by 

Nuclear Institute for Food and Agriculture, Peshawar. Similarly, the gemlplasm 
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Table 4.9: Screening of chickpea genotypes against blight during 1994 to 1996 

Seedling stage Vegetative stage Pod forming stage 

Disease Grade Disease reaction 1994 1995 1996 1994 1995 1996 1994 1995 1996 

1 Highly resistant 0* 0 0 0 0 0 0 0 0 

2-3 Resistant 1 1 2 8 4 9 0 0 9 

4-5 Moderately resistant 11 28 37 71 33 72 6 6 72 

6-7 Susceptible 27 20 66 118 66 145 41 29 145 

8-9 Highly susceptible 209 181 239 51 129 11 8 201 197 118 

"'1 * Number of chickpea germplasm accessions 
~ 



Table 4.10: Chickpea germplasm lines resistant! moderately resistant to blight 
, 

Disease Disease 1994 1995 1996 

Grade Reaction 

jling Highly 0 0 0 
e resistant 

2-3 Resistant ICC 13555 NlFA 88 2 FUP91-159C, 
ICC 3991 

etative Highly 0 0 0 
e resistant 

2-3 Resistant 8 86025, 4 FLIP93-62C, 9 FLIP92- 159C, 
93205, ICC 3991 , 
86205K, ICC 3416, 

93164, FLIP94-508C, 
ICC 6373, 

92003K, NIFA 88 FLIP94-509C, 
ICC 
13555, FLIP94-510C, 
93069, 
93027 ICC 3919, 

ICC 12004 

ICC 13279, 

ICC 1403 

1 Highly 0 0 0 
ation resistant 

2-3 Resistant 0 0 0 



screening during 1995-96 revealed that 1I0ne of the 269 genotypes in the range was 

highly resistant at either stage. Two genotypes (FLlP 91-159C, ICC 399 1) were resistant 

at scedling stage and nine (FLIP 92- 159C, ICC 3991, FLIP 94-509C, FUP 94-509C, 

FLlP 94-510C, ICC 39 19, ICC 12004, ICC 13279, ICC 1403) at vegetative stages, 

whereas no genotype was resistant at pod fonnation stage. 11 was observed that all the 

resistant genotypes were of exotic origin. Overall tile number of resistant genotypes were 

higher during 1995-96 that might be due to involvement of resistant material in the study 

from national and international sources. It is quite evident that none of the genotypes was 

resistant at pod (annal ion stage during all the three years except thirty seven during 1993· 

94, seventy two during 1994-95 and twenty one during 1995-96, which were moderately 

resistant. The common genotypes which were resistant at seedling and vegetative stage 

are suggested to be utilized in breeding programme, 

High relationship among three stages was observed for three years Cfable 4.11) 

and seed sources (Table 4.12), This indicated that although screening could be conducted 

at any of these stages, to minimize labour and resources, screening could be done at 

seedling stage. Disease rating at three stages on the basis of seed source/origin and years 

are presented in the Fig. 4.7. It was observed that disease at vegetative stage was lower as 

compared to seedling and pod fonnation stage, Similar pattern of di sease infection was 

exhibi ted by genotypes of all the sources. The lowest disease rating at vegetative stage 

was observed in the gern1plasm obtained from ICARDA that was followed by the 

gemlplasm originated from NIF A. The average disease rating of gennplasm obtained 

from these two sources was in the range of moderate resistance whereas, the gemlplasm 

from other sources was in the range of susceptibility. 

The disease severity was less at vegetative stage, whereas it was at equal level on 

vegetative and pod formation stages during all the three years. From the present 

investigation, it was concluded that Ascochyta blight at seedling stage and pod fonnation 

stage gave the similar infection level although a high relationship was observed among 

all these three stages (Fig. 4.8). Due to high relationship of disease between seedling and 

pod formation stage it was suggested to screen huge gennplasm lines for blight resistance 

at seedling stage under greenhouse conditions. It has been estimated that [or screening 



Table 4.11:- Correlation among three stages of Ascochyta blight in chickpea during three years 

Stages Year Vegetative Pod formation 

Seedling 1994 0.41 0.42 

1995 0.84 0.86 

1996 0.81 0.85 

Vegetative 1994 0.75 

1995 0.77 

1996 0.76 



Table 4.12:- Correlation among three stages of Ascochyta blight in chickpea based on origin of 
germplasm 

Stages Origin Vegetative Pod formation 

Seedling AARI 0.54 0.72 

ICARDA 0.77 0.67 

ICRISAT 0.78 0.75 

NIAB 0.46 0.52 

NIFA 0.77 0.65 

Vegetative AARI 0.75 

ICARDA 0.86 

ICRISAT 0.63 

NIAB 0.66 

NIFA 0.63 
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experiments under fie ld conditions at least two weeks of continuous 90% RH are 

necessary for uniform spread of the disease. 

Out of all the genotypes screened for disease, forty-eight genotypes representing 

"anous sources wefe repeatedly tested against Ascochyta blight for three years to 

investi gate the year-genotype effect of the disease (Table 4.13). it was obscrvcd that the 

results were significant for genotypes at all the three stages of plant, whereas year effects 

were insignificant at pod fonnation stage and significant at other two stages. TIle amount 

of variation was higher at seedling and vegetative stage that indicated the innuence of 

environmental change during early phase of experiment, from November to Febnlary 

when temperature range slightly favoured disease development but humidity was very 

low. Although water was sprayed to maintain RH at 90% but due to nuctuation in 

temperature and dryness of air RH was expected uneven. The variation in RH during this 

period exhibited high variation that made year effects significant. In-significant effects 

during pod fonnation period (March-April) were attributed 10 conducive environmental 

conditions for Ascochyta blight at Islamabad. The CV for disease rating at seedling stage 

and pod fonnation was in the range of acceptance limits, where CV for vegetative stage 

slightly exceeded. 

4.5 EFFECT OF MORPHOLOGICAL TRAITS FOR BLIGHT RESISTANCE 

Chickpea genotypes belonging to resistant and susceptible groups were selected to 

find out the relationship between disease resistance and morphological characters. 

Significant differences among genotypes for number of hairs on both sides were observed 

(Table 4.14). These two traits were significantly correlated (1"'0.6421), The total numbers 

of hairs were also sign ificantly correlated with both the components (Table 4.16). The 

range of hair density on dorsal surface of the leaf was 19.48 to 31.30 (highly variable). 

Within susceptible lines, values were 19.48 to 26.94 while within resistant lines, it was 

20.23 to 31.30. In moderately resistant gennplasm, values were 22.69 to 26.91. These 

traits did not exhibit any effect on infection as this character was randomly scattered 

without influencing disease pattern. All the genotypes, irrespective of their reaction to 

disease, were different from each other for this tr3it as revealed by Duncan's Multiple 
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Table 4.13 :- Analysis of variance for disease reaction at three stages of chickpea 

SOY DF Mean square 

Seedling stage Vegetative stage Pod formation stage 

Years 2 10.21 6.88 2. 59 

Genotypes 47 9.23 7.45 4.50 

Error 94 1.07 l. 39 0.88 

Total 143 

F. ratio (y) 9.52** 4.94** 2.94ns 

F. ratio (g) 8.60** 5.35 ** 5.12** 

CV(%) 16.88 21.81 12. 57 

SE (y) 0.15 0.17 0.14 

SE (g) 0.59 0.68 0.54 



Fig 4.9: Res istant and susceptible cultivars of chickpea as a resu lt of 
screening aga inst blight at reproduct ive stage. 



Range Test. On an average, by this character, no role towards resistance against blight 

was found . 

A wide range of variation for number of hairs on ventra! surface of tile leaves was 

recorded (30.15 to 62.26). In case of susceptible and resistant cullivars, it ranged from 

30.15 to 37.34 and 51.96 to 62.26, respectively. Data indicated highly significanl 

difference between these genolypes. In moderately resistant cultivars, the range was 

33.73 to 57.56 that indicated no association of this character with disease development. 

although susceptible cultivars had slightly less hahs. Total number of hairs showed 

highly significant difference and ranged from 72.05 to 93.51 and 49.64 to 64.29 in 

resistant and susceptible cultivars, respectively. Total number of hairs has significant 

association with number of stomata and area of guard cells (Table 4.16). The susceptible 

cultivars had slightly less number of hairs as compared to resistant ones, therefore, this 

trait needs to be investigated in a broader genetic stock to confinn association, ifany. 

For number of stomata per unit area, significant differences between genotypes 

were observed (Table 4.15), but no clear relationship was recorded for disease 

development. This trait was significantly correlated (<",0.3932) with cultivars (Table 

4. J 6). Numbers of stomata were significantly associated with area of guard cells. 

Stomatal density vari ed from 29.37 to 52. 12. In susceptible lines, tbe variation was 37.25 

to 48.97 and in resistant lines 41.63 to 52.12. while in moderately resistant lines, 29.37 to 

31.27. These results indicate possible role of stomatal density towards resistance to 

Ascochyta blight fungus. The number of stomata were, therefore, inversely proportional 

to degree of resistance. 

Data regarding the area of stomata revealed significant differences among 

cultivars (Table 4.16). Area ofslomata ranged from 374.7 to 474. 5~(m2 for the genotypes. 

The values for area of stomata for resistant genotypes were 374.7 to 396.51lm2 and for 

susceptible genotypes, 384.8 to 399.3J.U112. For moderately resistant genotypes, the values 

were 456.4 to 474.5Ilm2. This indicated no response of stomatal area for disease 

development. 

Significant differences wer~ observed among the cuitivars for area of guard cells. 



\ Table 4.14: Mean number of hair on dorsal, ventral and dorso-ventral sides of the leaves of the reaction groups of chickpea cultivars. 

No. of hairs on dorsal side No. of hairs on ventral side No. of hairs on dorso-ventral side 

S.No. Cultivars R MR S R MR S R MR S 

NIFA-88 31.30 a 62.26 a 93.57 

2 Dashat 20.23 e 51.96 ab 72.19 

3 C-44 22.69 d 37.73 bc 60.42 

4 P-91 26.91 c 57.56 a 84.47 

CI 5 C-727 26.94 b 37.34 bc 64.28 N 

6 ll.,C-263 19.48 f 30.15c 49.63 

LSD (0.05%) = 0.0182 18.33 
SE 0.00577 5.816 
EMS 0.00010 101.5 



\ 
Table 4.15: Mean area of guard ce\1s, number of stomata, area of stomata and size of stomatal aperture of reaction groups of chickpea cultivars 

Area of guard cells (um2
) Number of stomata ( 1.52 

mm2 
Area of stomata (um2

) Size of stomatal aperture (um2
) 

S.No Cultivars R MR S R MR S R MR S R MR S 

1 NIFA-88 268. 5 a 4 l.6 b 396.5 d 73 .2 ab 

2 Dashat 238.4 b 52. 1 a 374.7 f 67.9 b 

3 C-44 239.7 b 29.4 d 456.4 b 65.3 b 

4 P-91 273.2 a 3l.3 d 474.5 a 79.6 ab 
(Xl 
...,. 5 C-727 265.3 48.9 a 384.5 e 79.7 ab 

ab 

6 ILC-263 241.6 b 37.3 e 399.3 c 89.9 a 

LSD (0.05%) = 25.35 3.41 4 0.08136 18.02 
SE 0.050 1.083 0.02582 5.717 
EMS 194.2 3.521 0.00200 98.06 



Table-4. 16: Correlation between different morphological characters of chickpea cultivars susceptible and resistant to Ascochyta blight 
\ 

Parameters Number of Number of Total Number of Area of Size of Area of 
hairs on hairs on number of stomata stomata stomatal guard cells 
dorsal side ventral side hairs aperture 

Number of hairs on dorsal side 1.0000 

Number of hairs on ventral side 0.6421 1.0000 

Total number of hairs 0.8126 0.9637 1.0000 

Number of stomata 0.4804 0.3932 0.4707 1.0000 

Area of stomata 0.6249 0.3844 0.4648 0.4466 1.0000 

s: " 

Size of stomatal aperture 0.2130 0.1009 0.0193 0.2593 0.3267 1.0000 

Area of guard cells 0.7981 0.5848 0.6874 0.7378 0.8773 0.8773 1.0000 



The range of size of guard cells was 238.4 to 268.5 ~m2. In case of slisceptible lines, the 

va lues were 241.6 to 265.3 ~m2. white in the resistant lines, range was 238.4 to 268.5 

Jlml) , In case of moderately resistant group, it was 239,7 to 273.2 '1011 , Similarly, 

signific;ull differences for size of stomatal aperture were observed. The size of stomatal 

aperture ranged from 65.25 to 88,97 ,1m? and there was no relallonship for various 

categories on the basis of disc.1se development. 

4.6 RELATIONSHIP BETWEEN PLANT EXTRACT AND SDS-PAGE ON 
BLIGHT RESISTNCE IN CHICKPEA 

The relationship of chickpea plant ex tract 011 the growth of fungus and using 

under SDS-PAGE on blight was investigated. 

4.6.1 Disease response of chickpea genotypes 

Fifty-seven chickpea genotypes were evaluated for the sources of resistance 

against A.rabiei and none of the line was found completely free from disease (Tab le 

4.17). Among the Kabuli types, six genotypes (ILC 482, [l.C 72, fLC 195, fLC 200, FLIP 

97-192C. FUP 97- 179C) were tolerant to blight and all these obtained from ICARDA. 

None of local Kabuli type was tolerant. In case of desi types, eleven genotypes (Dasht, 

Parbat, Balk".r, Wanhar, NlFA 88, NCS 5010, NCS 950212, 97047, 92A043, eM 
72/1LC 3279. DC I) were tolerant and aU of these have been developed by the local 

breeders (Table 4.18). 

4.6.1 Effect or chickpea plnnt extract on the growth of Ascochyla rablei 

No relationsh ip was observed between disease reaction of 57 genotypes and in 

vitro growth of A. rabiei grown on sap extract from the same genotypes, Fungus growth 

was fasl in sap from Kabuli types, but no clear indication was observed that might help in 

determining the resistance mechanism during ill-vitro investigation (Table 4.16). Similar 

response was observed in case of susceptible genotypes, However. in case of some 

susceptib le genotypes. fungus growth was increased. But on the other hand, in case of 

some susceptibl e genotypes, the growth was minimum as compared with others. It is 

interesting to note that the genotypes CM 72Ill..C 3279 (F\I generation) was tolerant 



Table 4 . 17: Chickpea genotypes included for their biochemical aspects associated with blight resistance 

S.No Cultivars Source Seed type Disease Disease Radial grO\\lh 
scale (1 .9~ rea..:tion (cm~ 

I Dasht NARC D 3.3 R 4.6 
2 Parbat NARC D 4.0 MR 5.1 
:l C·727 AARI D 'J.O S 4.9 
4 C44 AARI ]) lUI S 4.7 
5 Punjab-91 AARI D 8.0 S 4.7 
6 Piadar AARI D 9 .0 S 4.8 
7 Noor·91 AARI I\: 7.6 S 4.4 
8 Bittle·98 AARI D 7.0 S 4.6 
9 Balkasar BARl D 3.0 R 4.7 
10 Wanhar BARl D 4.7 MR 4.8 
II CM·2000 NIAB K 7.0 S 5.0 
12 CM·98 NIAB D 7.0 S 5.3 
13 CM·88 NIAB D 7.3 S 5.5 
14 CM·72 NIAB D 7.7 S 5.0 
15 NIFA·88 NIFA D 4.7 MR 4.8 
16 DG·92 RRI K 8.7 S 5.3 
17 DG·89 RRI D 83 S 5.3 
18 ILC 202 ICARDA I\: 7.4 S 5.2 
19 Pb-I AARI K 9.0 S 4.7 
20 ILC-482 ICARDA K 5.0 MR 5.5 
21 ILC·I929 ICARDA K 5.3 MR 5.3 
22 ILC·3279 ICARDA K 6.0 S 4.5 
23 ILC·72 ICARDA K 4.7 MR 3.9 
24 ILC·194 ICARDA K 6.3 S 4.5 
25 ILCI95 ICARDA .1\: 4.3 MR 4.6 
26 ILC·200 ICARDA K 3.7 R 4.6 
27 ILC·201 ICARDA K 6.3 ~ 4.4 
28 AUG-424 UAF D 9.0 S 4.6 
29 NIFA·95 NIFA D 6.7 S 4.4 
30 C·235 AARI D 9.0 S 4.6 
3 1 l\:arak·1 ARS D 7.0 S 4. 5 
32 V88 194K AARl I\: 8.7 S 4,4 
33 AAR·I AARl I\: 7.7 S 4.3 
34 FLlP96-60C ICARDA K 7.0 S 4.3 
35 FLlP97·17C ICARDA K 6.0 S .1 .5 
36 FLlP97·192C ICARDA K 5.0 1\IR 4.1 
37 FLlP97·179C ICARDA K 5.0 ~ IR 4.3 
38 CH41/91 NIAB K 7.7 S 4.0 
39 NCS·2001 NARC I\: 8.3 S 4.5 
40 FI.IP95·68C ICARDA I\: 5.7 I.IR 5.1 
41 NCS·950183 NARC D 5.3 I-.IR -1 .3 
42 NCS·95004 NARC D 5.3 ~IR 4.6 
43 NCS·9501O NARC D 4.7 ~IR -1.9 
44 NCS·950212 NARC D 4.3 MR 4.5 
45 92080 AARI D 6.0 S 4.9 
46 97047 AARI D 4.7 MR 4.6 
47 90280 AARl D 7.0 S 4.5 
48 96052 AARl D 7.7 S 4.5 
49 96051 AARI D 8.3 S -1 .1 
50 PBC·2000 AARI D 6.7 S 5.2 
51 93A082 AZRI D 6.0 S 4.1 
52 92A043 AZRI D 5.0 IdR 4.2 
53 CM72XlLC3279 NARC D 5.0 MR 4.4 
54 DC·! RRI D 4.0 MR 3.5 
55 CH40/89 NIAB D 5.3 MR 4.3 
56 CM738/92 NIAB D 8.0 S 3.5 
57 CM2325196 NIAB D 8.0 S 3,4 

EMS 0.623 0.150 
LSD 1.276 0.482 
COY 12.15 8.56 

NARC- National Agricultural Research Centre, Islamabad, AARI- Ayub Agricultural Research Institute, Faisalabad, BARl· 
Barani Agricultural Research Institute, Chakwal, NIA8- Nuclear Institute for Agriculture and Biology, Faisalabad, NIFA· 
Nuclear Institute for Food and Agriculture, Peshawar, RRl- Rice Research Institute, Dokri, Sindh, ICARDA- Intemational Centre 
for Agricultural Research in Dry Areas, Allepo, Syria, UAF- University of Agriculture, Faisalabad, ARS· Agricultural Research 
Station, Karak, AZRI- Arid Zone Research Institute, Bhakhar- Kabuli (white seeded), D- Desi (brown seeded) 
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Table 4.18: Grouping of chickpea genotypes .according to the reaction against blight 

Tolerant 

Desi type Dasht, Parbat, Balkasar, Wanhar, NIFA-88, NCS-950IO, NCS-
950212, 97047, 92A043, CM72/ILC3279, DC-I 

Kabuli type ILC-482, ILC-72, ILC-195, ILC-200, FLIP97 -192C, FLIP97 - I79C 

Susceptible 

Desi type C-44, Punjab-9I, Piadar, Bittle-98, CM-98, CM-88, CM-72, DG-89, 
AUG-424, NIFA-95, C-235, Karah-l, NCS-950183, NCS-95004, 
92080, 90280, 96052, 96051, PBC-2000, 93A082, CH40/89, 
CM738/92, CM232S/96 . 

Kabuli type Noor-91, CM-2000, DG-92,ILC-202, Pb-I, ILC-I929, ILC-3279, 
ILC-194, ICC-201, V88194K, AAR-l, FLIP96-60C, FLIP97-17C, 
CH41 /91, NCS-2001, FLIP95-68C, ILC-263 



although both of the parents were susceptible to disease. This might be dill.! to additive 

genes controlJing resistance mechanism present at various loci. 

4.6.3 Seed Proteins 

On SDS-PAGE, 12 protein bands were observed with the molecular weight (MW) 

of 34 to 66 kd. Many protein subunits of lower MW were also observed but due to 

inconsistency in reproducibility they were not recorded. Occasionally, variation was also 

observed in the density or sharpness of a few bands but this variation was not trlken in 

consideration. Out of 12 protein subunits, 6 were polymorphic and 6 were monomorphic. 

On the basis of banding pattern, gel was divided into three regions (fig. 4.10). 

Region I had bands of more than 66 kd MW of which 2 were polymorphic. 

Region II ranged from 34 to 66 kd having eight protein peptides, out of which 4 were 

polymorphic. In this region, the protein bands were observed with high degree of 

variation in quantitative tenn. The quantitative intensity of bands was not recorded at 

present although these may provide some infonnation specific to chickpea. Weak protein 

bands were observed in the region III of lower molecular weight, hence not recorded due 

to inconsistency in presence. On the basis of disease rating and radial growth, three 

clusters were observed (Fig. 4. 11). 

Cluster I consistl.!d 14 genotypes, cluster 11 comprised 21 and cluster 111 of twenty­

two genotypes. Out of 17 to lerant genotypes, to Were grouped in the cluster III , six in 

cluster II and one in cluster 1. The genotypes were plotted on the basis ofSOS-rAGE and 

if cut at 1.5 linkages distance four clusters were observed (Fig. 4.12). Many genotypes 

overlap each other due to similarity on the basis of SOS·PAGE markers. Cluster 1 

consisted three genotypes (AUG 424, C 235, NCS 200 1), whereas cluster \I consisted 

two genotypes (CM 2000, CM7211LC 3279) and both of these were tolerant genotypes. 

One genotype (CH 41 /91) was in cluster III and all the other fifty-one genotypes were in 

cluster IV. Within this cluster, this cluster comprised of mixed genotypes of susceptible 

and tolerant nature both Kabuli and desi types that indicated no relationship between 

disease reaction and SDS-PAGE. A low level of genetic diversity was observed among 

57 genotypes although these originated from diverse sources that might indicate 
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exploitation of a portion of genetic diversity for chickpea improvement. 

4.7 LOSSES IN YIELD COMPONENTS OF CHICKPEA CAUSED BY 

BLIGHT 

Resistant and susceptible chickpea genotypes were included in thi s study to 

determine the losses in yield and yield components as arTected by blight. The results of 

the analysis of variance revealed that there were significant differences among genotypes 

for all the characters, both under diseased and disease free conditions (Table-4.19). High 

portion of genetic variance was attributed by disease that was strengthened by varieties 

and interaction. Data on plant height, number of pods, seeds per plant, IOO-seed weight, 

yield per plant and yield per plot recorded under diseased and healthy conditions 8re 

given in Table-4.20. 

Blight severity on various genotypes expressed as disease severity index (OSl) 

and percent seed and pod infection is given in Fig-4.13. The healthy plots were absolutely 

free of disease. While Ihe disease score on infected plots varied from 4-8 on ) -9 scale, 

depending upon the genotypes. Maximwn disease score (8) was recorded on C727 and 

minimum disease score (4) was observed on Oashl. Similarly, the disease severity index 

ranged from 44% to 82%. Maximum OSl at vegetative stage was observed on C-727 and 

it was followed by C-44. Punjab~9 1 and CM-72 whereas minimum DSf was recorded on 

Dasht i.e., 44% (Fig-4.13). The response of Parbat and NIFA-88 to disease in telms of 

DSI at vegetative stage was almost similar with respective OSl score 55% and 49%. Pod 

infection :,aried from 17 to 90%. [t was the highest (90%) in case of C-727, followed by 

C-44 (68%) and Punjab-9 1 (61%), while it was lowest in Dasht (17%). The pod infection 

in Parbat and NIF A-88 was 23% and 27%, respectively. Maximum seed infection was 

recorded in C-727 (42%) and minimum seed infection in NIFA-88 (2%). 

Under disease free conditions, maximum grain yield (4722.3 kglha.) was 

expressed by C-727 which was followed by Punjab-91 and CM-72 (Table-4.21). Grain 

yield losses due to blight ranged from 13.6 to 17.6%. Maximum reduction in grain yield 



Table 4.19: Effect of Ascochyta blight on yield and yield components of chickpea cuitivars. 

\ Plant height (Cm) Pods/plant Seeds/plant Yield/plant (g) 100-g weight (g) Yield/plot (Kg) 

H D H D H D H D H D H D 

CM-72 61.2 60.05 51.25 28.25 89 .5 13.25 17.08 8.63 23.75 19.17 0.6 0.17 

C-44 70.58 64.43 61.5 29.25 60 .0 25.75 13.97 5.7 26.15 21.7 0.85 0.43 

Dasht 69.65 63.7 50.5 31.25 62 .25 33.0 11.77 9.52 25 .53 25.33 0.44 0.38 

Punjab-91 72.22 61.53 76.75 14.0 75.0 5.25 17.25 0.5 24.65 20.17 0. 73 0.22 

Parbat 76.7 63.47 53.0 33.0 77.5 29.75 13.85 8.33 24.55 21.45 0.41 0.27 

NIFA-88 72 .88 69.45 49.0 30.25 67.5 30.75 14.27 7.6 22.4 20.75 0.62 0.45 

C-727 72.13 35.75 59.5 6.75 53.25 37.75 18.6 1.55 23.48 16.0 0.68 0.16 
...0 
~ 

St. ·Error 2.04 2.36 3.29 1.29 2.37 1.69 1.12 0.42 1.17 0.91 0.03 0.02 

CD-l 7.02 6.07 9.80 3.85 7.03 5.03 3.33 \.26 3.46 2.72 0.08 0.06 

CD-2 9.62 8.32 13.43 5.28 9.63 6.89 4. 56 1.72 4. 75 3.72 0. 11 0.08 

H- healthy and D- diseased plots. 



Table 4.20: Two-factors analysis of variance for six yield components in chickpea 

Mean Square 

SOV df Plant height Pods/plant Seeds/plant Yield/plant 100-seed Yield/plot 
\ weight 

Replications 3 33 .34 30.64 13.07 1.24 0.953 0.008 

Varieties 6 289.94** 143.68** 169.87** 12.43** 27.21 ** 0.082** 

Disease 1692.90** 14950.45** 27192.07** 1198.80** 192.03** 1.472** 

Varieties x disease 6 284.12** 645.36** 948.03** 63.09** 10.99** 0.072* 

Error 39 19.59 23.90 17.79 2.75 4.09 0.002 

SE (Varieties) l.57 l.73 1.49 0.5863 0.72 0.017 

-.. SE (Disease) 0.84 0.92 0.79 0.31 0.38 0.009 
~ 

SE (Interaction) 2.21 2.45 2.11 0.83 1.01 0.042 

CV 6.78% 11.92% 8.93% 15.60% 8.99% 10.57 



occurred in C-727 followed by Punjab-9 lwhich showed 76.5% and 71.7% loss 

respectively. The minimum loss in yield (13.6%) was recordcd in Dasht. A variable 

response of genotypes with respect to effect of blight on plant hClght was observed. 

Under diseased condi llon it varied from 35.75 to 69.45 cm. (Table-4.19). A comparison 

of data from healthy and diseased conditions revealed that reduction in plant height due 

to disease ranged from 1.9 to 50.4%. Maximum docrease in height was observed in C-

727. 

The effect of disease on number of pods per plant given in Fig-4. 14 shows that 

reduction in pod number due to blight ranged from 37.7 to 88.7%. Whereas the actual 

number of pods in healthy treatment ranged from 49,0 t076.8 and in diseased treatment it 

ranged from 6.8 to 33.0 per plant (Table-4.20). Due to the infection of Ascochyt. blight, 

the genotypes showed different response with respect to seeds per plan t. Maximum 

reduction in seeds per plant was observed in cultivars Punjab-9 1 (93%) and CM-72 

(85.2%). There was a significant reduction in all the yield components in case of diseased 

treatment when compared with healthy plant. Loss in yie ld/plant was observed as 

minimum in case of Dasht (19.1%) followed by Parbal (39.9%) and NrFA-88 (46.7%). 

Maximum loss was observed in PWljab·91 (97.1%) and Cn7 (91.7%). Maximum loss in 

100-grain weight was recorded in C-n7 (31.9%) and il was fo llowed by CM-72 with 

19.3% loss. Pods per planl, seeds per plant and grains per plant were negatively 

correlated in diseased and healthy plants whereas 100 seed weight exhibited positive 

association (Fig-4. t 5). 
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CHAPTER-5 

DISCUSSION 

Ascochyta blight of chickpea is a serious disease, which is mostly prevalent in the 

Northern areas of Pakistan where annual rainfall is higher than the other parts of the 

country. This disease was reported for the first time in these areas (Butler, 1918). A. 

Blight causes significant yield losses in different chickpea areas depending upon its 

prevalence and intensity. Present survey was systematically conducted to assess its 

prevalence and losses caused by it. Isolates of the pathogen were also collecte~ during the 

survey. Morphological as well as pathogenic variability was determined. Screening of 

chickpea germplasm was carried out to identify the resistant sources. Possibility of 

morphological traits to the association of blight resistance was also worked out. Losses in 

yiled and yield component of some promising cultivars estimated. 

5.1 SURVEY OF CHICKPEA AREAS FOR BLIGHT ASSESSMENT 

Ascochyta blight is the most devastating disease of chickpea t hat is found throughout 

the chickpea growing areas of Punjab and NWFP. It is a major limiting factor to chickpea 

production. Since its first report in district of Attock in Pakistan (Butler, 1918), it has 

caused losses in chickpea worth million of rupe~s (Malik et ai, 1984). Chickpea is 

generally planted in rainfed areas of Punjab and NWFP and its area is divided into three 

ecological zones on the basis of rainfall and crop duration. 

1. Low temperature and high rainfall area 

2. Medium temperature and medium rainfall area 

3. High temperature and low rainfall area 

These three ecological zones have different characteristics that have different impacts 

on chickpea production. In the present survey, it was observed that maximum prevalence, 

incidence and severity of blight occurred in the districts of Rawalpindi, Sialkot, Norowal, 

Attock and Chakwal that fall in long duration environment. Presently these are not the 

major chickpea growing areas due to blight hazards. There were not significant 



differences among Ihese districts for disease prevalence, incidence and severity. These 

districts fall in the category of long duration environment, where conditions for disease 

development are very conducive. Consequently. the chances of discase inCidences und 

prevalence are quite h.igh in these districts. The high rajnfaU (mean annual 400 to 1000 

mm) and fertile soils in these areas result into luxurious growth of the crop. The pktnl 

canopy of the crop helps to increase the crop humidity, which also remains high in the 

atmosphere for longer period due to high and prolonged rains. High relative humidity 

generally more than 60% and low temperature in the range of9-24oC are the prerequisites 

for chickpea blight (Hawarc, 1998). Moreover, on account of being a neglected crop in 

the area, proper attention by researchers and extension workers was not given therefore, 

the fanners intended to grow local lund races, which are susceptible to blight. Moreover, 

the blight isolates prevalent in this area, are the most vimlent (Qureshi and Alam, 1984; 

Jamil et al., 1995; Hussain and Malik, 1991). All these factors contributed to high disease 

development, resulting in elimination of chickpea from this area. Recently new blight 

resistant varieties like Dasht, Parbat and Bulksar and Wanhar have been released 

specially for this area. Due to the introduction of these varieties in the high rainfall area, 

the fanners are gradually increasing intended to increase the acreage of chickpea crop in 

this zone. 

Other two zones comprise orThal, which is a major chickpea growing urea in Pakistan. 

ThaI occupies 233 10 Km2 of Mianwali. Khushab, Bhakahr, Leiah. and Jang (Directorate of 

Soil SUivey, 1968). The area is roughly triangular in shape with the base tu the North a.nd 

apex to the South, and is located between latitude 29° 58 Nand 32° 35N, longitude 70° 43 E 

and 72° 18 E. The area is surrounded by the piedmont of the Salt Range in the North, the 

river Indus floodplains to the East and the 30° parallel latitude to the South. The climate is 

hot and windy in summer and mild in winter. The average annual rainfall varies between 

261 mm to 385 mm in the northwest and around 169 nun in the south. The annual rainfall 

follows the biJnooal pattern, with mure than 69% occurring in SUlluller (June to September). 

Thall is divided into two major parts (Zone-2 and Zone-3) according to its climate 

(rainfall), topography and crop duration. The upper Thall falls in the 2on.,..2 with medium 

duration environment and medium rainfall area. This zone comprises the districts of 
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Mianwali, Khushab (punajb), Bannu, Lakki marwat and Karak (NWFP). The almual rainfa ll 

in these districts varies from 261 to 385 rom, It was observed during the present survey that 

there was more disease in the disnlcts of Mianwali and Karak as compared to other distncls 

falling Wider the same zone. The development of more disease in these distncts may he due 

to cultivation of blight susceptible varieties on maximum area. Moreover, the chickpea area 

of these districts lies close to River Indus Ulat may be responsible for high air humidity in 

this area and may have encouraged the disease development. Whereas the chickpea area in 

the rest of the districts of this zone is far from the rivers and new blight tolerant varieties had 

occupied a lot of acreage in these districts. The spread of new blight resistant varieties in the 

districts of Leiah, Bhakhar, Khushab, Mianwali and Jang appears to be the major factor for 

low disease development in these districts. 

The second part of the Thai or Zone-3 , comprise of districts Bhakhar, Leiah and Jang 

(Punajb) and Dl Khan (NWFP). The disease prevalence, incidence and severity were 

minimum in these districts. The rainfall in these districts is very low during cropping period 

that varies from 100 to ISO mm. The temperature in these districts ri ses sharply after 

January, lherefore limited moisture is available for a limited time in rainfed areas. The 

chances of blight occurrence in these areas are generally very rare. The risk of disease 

development in this zone has been further minimized due to spread of new resistant 

varieties. For these reasons, low disease was recorded in these districts. 

It appeared from the present survey that there was strong correlation between 

disease prevalence, incidence and severity in all the diSnlcts included in the survey. This 

relationship prevai led everywhere irrespective of the magnitude of disease problem. 

5.2 FACTORS AFFECTING BLIGHT DEVELOPMENT 

Effect of spore concentration on the development o f disease revealed that disease 

severity could vary according to different inoculum concentrations. High inoculum 

concentration will lead to increased disease severity, although this depends on the 

susceptibility of chickpea cultivars and other environmental conditions. However, the 

concentration of 1.5xlOs and 5xl0s are statiti stically non-sginificant. Thus the spore load 

above this concentration is not recommended for screening of chickpea against 

Ascochyta blight. It has been already reported that inoculum concentration has an 
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important impact on the screening of chickpea gerrnplasm for disease resistance (Nene, 

1984; Nene and Reddy, 1987i Del-Serrone et al., 1987). In the present study, the 

inoculum concentration of 5x105 spores per 011 was optimal for moculatlon expenments 

because the response of the highly susceptible cu ltivars; C-727 and ILC-263 was 

insignificantly different ut concentrations between 2.5 x 105 and 5 x 105 spores per mi . 

This concentrat ion has been reported previously as appropriate for arti ficia l inoculation 

under glasshouse and field conditions (Del-Serrone el al., 1987; Trapera-Casas and 

Kaiser, 1992). 

Plant age is another important factor that affects disease development and host 

susceptibility to Ascochyta blight on different crops (Sattar, 1933; Hafiz, 1952; Puerto­

Romero, 1964). Some workers reported that older plants were more suscept ible than 

seedlings (Sattar, 1933; Reddy and Singh, 1984; Singh and Reddy, 1993b). In the present 

study, 2-week old seedlings were found to be more susceptible than older plants. 

Susceptibility of young chickpea plants had been indicated by Hafiz (1952), Trapero­

Casas and Kaiser (1992). Similarly, it has been reported that the disease severity in lentil 

plants inoculated with A. lefltis was more at seedling stage than that at pods fommtion 

stage (Pedersen and Morrall (1994). These authors suggested that the resistance was 

related WitJl age of tissue and that newly developed leaves were more susceptible to the 

pathogen than older leaves. A similar phenomenon has been reponed in rice blast disease 

(Rournen el al. , 1992), Similarly in chickpea, the younger and tender lcaves may make 

the seedling stage more susceptible to A. rabiei than the older leaves of mature plants. 

In Pakistan, blight conditions are generally conducive during the month of March­

April when the chickpea is at flowering to pod forming stage. Therefore, the blight 

epidemics reported in Pakistan supported the idea of susceptibility at reproductive stage, 

In fact, during November to January, chickpea is at seedling satge and the temperature 

remains low (0-150C) and sometimes beyond DC, that is why there are no chances of 

blight epidemic. 

Relative humidity (RH) is an other important factor, which is directly related to 

disease severity. In this study, the optimum conditions of Ascochyta blight on C-727, 

ILC-263, Punjab-9 1, Dasht and Parbat at 20-2S'C and 48-72 h wetness period, and 
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disease severity was less at wetness period below 24 h. The results arc in agreement with 

those reported by LUlhra el al. (1935), Weltzein and Kaack (1984), Nene and Reddy 

(1987). and Trapero-C:lsas nnd Kaiser (1992), and contradict those of Chauhan and Sinha 

(1973). who reported that a minimum 60-h wetness period was required (or blight disease 

development at the optimum temperature of 20°C. Thcse authors found thal wetness 

period of at least 144 h were conducive for disease development. In addition to 

temperature and wetness period. the chickpea cultivar, microclimate and the iso lates of A. 

rabiei affect disease development. It has been reported that 24 h was the min imum 

wetness period required to produce 100% disease in a susceptible cul tivar whereas the 

same level of disease in the resistant cultivar needed a 96 h wetness period (Hafiz, 1952; 

Anonymous, 1989). 

The effect of wetness period on disease development as observed in the present 

study are in partial agreement with those of Trapero-Casas and Kaiser (1 992), who found 

that) for 2-week old seedlings, approximately 20°C and inoculum of 5x 1 OS spores per ml 

were optimal for disease development under controlled environmental conditions, and 

that increasing the wetness period above 6-h humidity after inoculation or after 6-h of 

wetness had no effect on disease severity, as disease follow ing 48 h of wetness was the 

same if no dry period was imposed. However, dry periods of 22 b did reduce disease 

severity when imposed either immediately after inoculation or after a 6-h wetness period. 

Disease severity decreased as the length of the dry period increased. However, disease 

severity of 20 -25% after 96 h dry periods demonstrated that Ascochyta blight can 

develop in a lternating wet and dry conditions, as likely to occur in the fi eld. On the basis 

o f ex.perimental results. it is concluded that under controlled conditions, di sease severi ty 

could vary according to the inoculum concentration, plants age and leaf wetness duration 

following inoculation. 

5.3 V ARIABLITY IN ASCOCHYTA RABIEI 

There was a considerable variation among the isolates for morphological 

characters such as radial growth, colony colour, Pycnidial size and spore size. Similar 

variability among various isolates of A. rabiei has already been reported by Singh and 

Reddy (1990); Grewal (1984); Gowen (1986); Gowen 01 al .. (1989) and Qureshi and 
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Alam (1984) using different chickpea cultivars. Grewal (1984) found the fast growing 

and less sporulation isolates to be less virulent and the slow growing and abundant ly 

sporulating isolates to be more vinilent. Pathogenic variability in A. rabiei has also been 

demonstrated by Aujl. (1964); Kaiser (1973); Vir and Grewal (1974); Reddy and 

Kabbabeh (1985); Ncne and Reddy (1987); Porta Pulgia er a1 .. (1986 and 1996) and Porta 

Pulgia (1992). Some of these authors designated lhe pathogenic groups as races of 

different cult ivars. AVAilable infonnation. however, does not allow the tenn "race" but to 

distinguish in pathogenicity the word "isolate" may be used (Haware, 1987). 

Although genetic diversity in isolates was observed and they could broadly be 

classified in three groups, but a clear~cut host-pathogen reaction was not observed. This 

situation did not ravour the nomenclature or race rather variation in pathogenicity. 

Recommendations to standardize Tace characterization have been made since 1989, but to 

date standard methodology has yet not been agreed upon and no clear dirferential has 

been identified that should be acceptable universally. This problem might be associated 

with complcx nature of gene-action involved in A. rubiei resistance (Malik, 1990). The 

need exists to use multiple crosses due to quantitative nature of gene-action involved for 

disease reaction. This will help to build resistance pyramids that could be obtained by 

involving parents of diverse origin and known tolerant to disease. 

Chickpea cultivars included in the study as shown by multivariate analyses, 

susceptible genotypes and virulent isolates were identified but clear-cut standard for 

resistance was not observed. Inconsistent Clustering pattern for various isolates co llected 

from the same origin may be attributed towards frequent exchange of breeding material 

and disease cultures among the researchers. Several reasons have been reported, such as 

the increase of chickpea-growing area and the introduction of resistant cultivars that 

contribute to extending the variability of Ascochyta population (erino et al., 1985; 

Hussain and Ban, 1997). More variation could be expected, taking into account the 

heterothallic nature of the fungus (Trapero-Casas and Kaiser, 1992) and the recent 

development of new isolates that makes possible the appearance of the teleamorph of the 

fungus . Variation in isolates originated from same area need to be investigated using 

biochemical analyses, although isolates collected from the single field could vary ror 



disease infec tion (Morjane ef al., 1994). 

Occurrence of isolates belonging to one cluster that are able to mfec t all the 

genotypes suggests the need for more sUitable sources of resistance. Promis ing levels of 

resistance have been reported In wild species of Cicer (SlIlgh ef al., 1992; Smgh and 

Reddy, 1 993a) and cullivaled chickpea (Iqbal e/ al .. 1989 and 1994; Singh and Reddy, 

1989). Even after 90 years of research on chi~kpea blight, the problem is yet unsolved 

and further studies on the host pathogen relationship of Ascochyta blight is still needed 

although effects of environments are well known (Hafiz, 1986). Further stlldy involving 

biochemical analysis using known material (host and pathogen) should be streamlined for 

a comprehensive understanding of this complex disease. 

A complex pathogenic variabi lity is not surprising since the pathogen has a sexual 

stage that can generate new recombinants with varying virulence spectrum (Kaiser, 

1992). The role of weak pathotypes in generating aggressive pathotypes either through 

accumulation of virulence and genetic recombination is not yet understood and needs to 

be explored. The use of field isolates in resistant screening representing populations of 

the pathogen, rather than individual or mixed races, has been suggested (Mmbaga et al., 

1994). The relatedness of the isolates on the basis of host parasite interaction can be 

detennined through multivariate analyses (Shane. 1987). Such results arc useful for 

choosing representative pathotypes that may be used to identify specific resistant groups 

for utili zatioll in breeding programme. This study indicated that A. rabiei isolates 

collected from Pakistan were composed of various pathotypes and these cannot be stated 

as races according to standard definition. A continuous breakdown of resistance in host 

emphasizes the need for up to date knowledge of physiologic pathotypes prevalent in 

different regions to develop chickpea cuitivars having stable resistance against Ascochyta 

blight. The variety CM 72 was released as blight tolerant but with the passage of time and 

by mixing or development of new strains of A. rabiei, this variety is no longer tolerant, 

therefore a need exists to evolve varieties with durable resistance. Similarly. n...C 263 is 

being used as susceptible check in most of the ICARDA experiments, but two varieties (C 

727 and C 44) exhibited higher degree of susceptibility than ILC 263, and these are 

suggested to use as susceptible check in screening experiments. 
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5.3.1 Combined effect oftbe least and most aggressive isolates on bligbt devlopment 

All the cultivars subjected to disease infection (single or combined) showed 

blight symptoms. Isolates of A. rabiei greatly varied in their pathogenic reaction in 16 

genotypes. The analysis of variance showed significant differences (P < 0.001) between 

genotypes as well as between treatments. The aggressiveness rating of each A. rahie; 

isolate toward all the lines tested exhibited a large but continuolls variability. The results 

showed that there was remarkable variation in pathogenicity between two isolates [or 

disease development. This was obvious from the genotypic means of disease scores for 

indiv idual iso lates. The disease development on individual genotypes (irrespective of 

their resistance level) under each isolate also showed variation between the two. A 

consistent trend of increased disease rating under aggress ive isolate as compared to that 

of least aggressive isolate was observed in all the genotypes. A similar grouping of A. 

rabiei isolates on the basis of aggressiveness using different isolates and chickpea 

cultiv.rs, have been reported by Singh (1985), Singh (1987), Vir and Grewal (1974), 

Singh (1990), Grewal (1984), Qureshi and Alam (1984). 

The 1110st aggressive pathotypes tend to be associated with areas where selection 

pressure is higher (Gowen. 1986). High adaptability of A. rabiei to its host has also been 

indicated in host-pathogen inter:lclion studies that may partly explain resistance 

instability (Gowen, 1986). The present results and previous studies provided evidence 

that isolates of A. rabici differ in both aggressiveness and in their specific virulence 

patterns. The occurrence of a complex pathogenic variabi lity is not surprising since the 

pathogen has a sexual stage that can generate new recombinants with varying virulence 

spectrum (Kaiser, 1992). When the most aggressive and the least aggressive isolates were 

applied as I: I mixture, the aggressiveness of this mixture was similar to that observed in 

least aggressiveness isolate. This indicated dominance of less aggressive isolate over the 

aggressive isolate. The chickpea cultivars Parbat, C-235, CM-72, NIFA-88 and NIFA-95, 

which were susceptible to the aggressive isolate appeared to be resistant! tolerant to the 

mixed population of isolates as observed for least aggressive isolate. Similarly. the 

resistance behavior of other cultivars became similar to that observed for least aggressive 

isolate when subjected to the mixture of isolates. In other words, the aggressive isolate 
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10s1 its aggressiveness when npplied in combination with the least aggressive Isolate. This 

may be due to weak isolate having occupied the site of infection that did not allow the 

aggressive isolate to cause sevcre infection (Ali et al., 1993), It is also expected due 10 

rapid multiplication of less aggressive isolate that suppressed the growth of aggressive 

isolate. Since disease is caused UIIOUgh the production of lox ins (Alam et al. 1989; Hohl 

el al., 1991; Kaur, 1995). 

It would be appropriated to conduct more studies on different mixtures of 

aggressive and less aggressive isolates to confirm these results. If it is confirmed that the 

least aggressive isolate reduces the; disease developing capabili ty of more aggressive 

isolate (as obscrved in the present study), the introduction of less aggressive isolate in the 

areas of more aggressive isolates would reduce the ri sk of disease development in that 

area and chickpea lines with moderate resistance level would be appropriate for that area. 

This will give an advantage of introducing genotypes with relatively high yicld potcntial 

as blight resistance and yield potential are negatively correlated. Pizano (1997) also 

propost:d Ule introduction of less aggressive isolate of Fusarium wilt of carnation in the 

areas where more aggressive isolates exist to reduce the severity of wilt disease. 

The role of weak pathotypes in suppressing tbe aggressiveness of virulent 

palhotypes either through inactivation of virulence or genetic recombination IS not yet 

understood and needs to be explored. Previously, the use of field isolates in resistant 

screening representing popUlations of the pathogen, rather than individual or mixed races, 

has been suggested (Mmbaga et al .. 1994). However, broad resistance that is effective 

against entire popUlation is not always available and must be developed through breeding 

(Singh el al., 1992). The relatedness of the isolates on the basis of host parasite 

interaction can be detennined through multivariate analyses (Shane, 1987). Such results 

could be useful for choosing representative pathotypes that may be used to identify 

specific resistant groups for utilization in breeding programme. 

5.4 SCREENING OF CmCKPEA GERMPLASM AGAINST BLIGHT 

The number of resistant genotypes was higher during 1995-96 and that indicated 

that all ofmateeial included in the experiments. None of the genotype was resistant at pod 
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fomlation stage that indicated the conducive environmental conditions at lenninal stage 

of the crop. Some of the lines, viz., ICC 12004, ICC 13269, ICC 13416, ICC 13508 and 

ICC 13555 observed resistant in the present study have already been reported resistant to 

blight with the similar type of study (Iqbal el al., 1994). The chickpea line ILC-72 was 

reported as resistant (Singh el al., 1981; Singh el aI., 1984; Reddy and Singh, 1990) wh.le 

fLC·3279 has also been reported to be resistant (Singh eJ al., 1981; Singh Ci ill., 1984; 

Crino el al .. 1985: Reddy and Singh, 1990, 1993). Bashir and Haware ., al. (1986) 

reported moderate resistance of ICC·3996 and ICC- 4475 and similarly a line FLIP 87· 

507C has been reported resistant by lIyas el al. (1991) At pod forming stage none of the 

test lines was high ly resistant against the pathogen. However, fi ve lines viz ILC·72, lLC· 

3279, FLIP 84-1 82C, FLIP 91-150C and ICC-13555 were found 10 be moderalely 

resistant. 

The chickpea gennplasm line ICC 13555, NlFA 88, FLIP 91-1 59C and ICC 3991 

were resi stant at seedling stage under greenhouse conditions, whereas at vegetative stage, 

21 genolypes (86025, 93205, 86205K, 93164, 92003K,lCC 13555,93069,93027, FLIP 

93-62C. ICC 3416, ICC 6373, N1FA 88, FLIP 92-159C, ICC 3991, FLIP 94-508C, FLIP 

94-509C, FLIP 94-510C, ICC 3919, ICC 12004, ICC 13279, ICC 1403) were resislant. 

These genotypes could not prove their worth at pod fonnation stage. and thi s type of 

infection might be due to different genes involved for resistance mechanism at various 

plant stages or may be because of variation in mode of infection at varioll s stages (l\yas et 

al., 1991, Reddy and Singh, 1984, 1990). Anyhow Ihis situat.ion is yet to be resolved by 

conducting more experiments on mode of inheritance and infection of Ascochyta blight. 

At ICARDA several sources of resistance to Ascochyta blight have been reported 

(Reddy and Singh, 1984; Singh el al., 1984). Some of these lines i.e., ILC-72 and lLC-

3279 have resistance in several other countries. However. none was highly resistant in 

lndia and Pakistan, the two major chickpea growing countries. Therefore resistant 

genotypes those originated from ICARDA need to be re·tested for their resistance using 

aggressive pathotypes. It is now well established that the fungus A. rabiei is highly 

variable and the pathotypes present in Pakistan and India are marc aggressive than those 

prevalent in the Mediterranean region (Singh el a/. , 1984). Lines with resistance at 
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vegetative stage to isolates of A. rabiei arc reported in India (Singh el (1/. 1988) and in 

Pakistan (Iqbal el al" 1989). 

The knowledge generated on the resistance to A. rubh!1 indicated that there is 

sufficient genetic variation in resistance to Ascochyta bligh t in the present chickpea 

germpiasm that can be exploited for disease control by building disease resIstance 

pyramids due to complex nature of disease. Immunity or high level of resistance was 

reported to be absent in chickpea germplasm (Nene, 1980). However, the frequency of 

highly resistant lines is very low, Only four lines were resistant at seedling and 21 at 

vegetative stage during the screening period from 1994 to 1996. Whereas none of the 

lines was found resistant at pod forming stage. 

Bashir el al., (1985) evaluated 3360 chickpea gennpJasm accessions obtained 

from ICRlSAT for disease reaction to blight at NARC, Islamabad during 1983-84, and 

reported that only 55 accessions were resistant. Iqbal el al. (1989) screened 759 Chickpea 

lines and found that only one breeding line (pK51863 x NEC 138·2) was resistant to 

blight. This indicates that there is either high aggressiveness or narrow diversification of 

genetic matcrials studied. Many workers have reported the occurrence of moderate 

resistance to blight. (Eliades, 1983; Shukla el ai, 1984; Kalia, 1984, Katiyar and Sood, 

1985; Bashir el aI., 1985; Gaur and Singh, 1987; Del·Serrone e/ al., 1987; Reddy and 

Singh, 1990; lIyas el ai" 1991 ; Reddy and Singh, 1993). The significant differences 

among breeding lines of chickpea with regards to disease reaction have been reported 

(Singh el al., 1981. Reddy and Singh, 1984). Although sources of resistance to blight 

caused by A, rabiei have been reported at national and international levels but in this 

study, no genotype was resistant at pod formation stage. Therefore, development of 

disease tolerant cultivars those could survive under higb incidence of pathogcn could be 

one option to resolve this problem. 

5.5 EFFECT OF MORPHOLOGICAL TRAITS FOR BLIGHT RESISTANCE 

In an attempt to find out morphological basis of blight resistance in chickpea 

various morphological traits were studied in resistant and susceptible cultivars. These 

traits included leaf hair, number of stomata and stomata size. etc. For counting the 



number of hairs on both the sides of leaf, 5th compound leaves from Ihe top were 

selected from all the chickpea cultivars because it was reported that older leaves below 4-

5t11 nodes are resistant to Ascochyta blight fungus {pedersen and Morrall, 1994}. 

On the basis of thiS study, It was fOWld that the hair densllY on the dorsnl surface 

of leaves was insignificantly different in lines of alJ the reaction groups. The hair density 

on ventral surface of the lines was significantly higher in case of resistant lines compared 

to susceptible ones. This was further supported by significantly higher hair density in 

case of resistant lines. Genotypes with higher hair density may have some role in the 

resistance to blight. It is' assumed that the hair would help keep the spores away from the 

leaf·surface and the spore clinging to the hair might fail to establish a direct contact with 

the leaf. Hence, even if they genninate while clinging to the hair. the genn tube may not 

be long enough to reach the cuticle. Earlier studies had indicated that resistant cultivars 

possessed larger number of hair on stem and leaves than susceptib le types (Hafiz, 1952; 

Aharnd el al., 1952). Similarly resislanl CV . EIOOY (M) and pods of EIOOY bear more 

hair than susceptible types (Hari Chand et aI, 1988). On this basis, however, difference in 

hair number could only be related to disease reaction but it could not fully explain the 

phenomenon of resistance. TIle present studies do not give indications that the hair 

number could be a sound basis to differentiate between resistant and susceptible cultivars 

of chickpea and therefore. cannot be effectively utilized 8S a screening parameter for 

disease resistance. The data obtained in the present studies were at variance with that of 

Koundal and Sinha (1983) who showed direct relationship between the number of 

glandular hairs and amount of malic acid secreted. These enzymic activities and 

concentration of malic acid was not taken into account in this study. 

Reddy and Khare (1984) observed higher stomatal density in the lentil cultivars 

susceptible to rust as compared to resistant ones. Presence of higher population of 

stomata in the susceptible cultivars increased the rate of transpiration upon infection by 

the pathogen. In the present study. maximum number of stomata was observed in Dasht 

(resistant cultivar) and C-727 (susceptible cultivar), which indicated that the number of 

stomata has no role for the initiation of blight. Similarly, other parameters conceming 

with stomata such as area of stomata, area of guard cells and size of stomatal aperture did 
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not clearly exhibi ted any relationship with blight. Our results were supported by the 

earlier findings of Roundh.iIJ el al. (1995) who have reported that infection due 10 

Ascochyta took place through direct invasion of the ep idermal layer. 

5.6 RELATIONSfUP BETWEEN PLANT EXTRACT ANO SOS-PAGE ON 
BLIGHT RESISTANCE IN CHICKPEA 

Fifty-seven chickpea genotypes were evaluated for A.rabiei reaction and seed 

protein tllfough SDS-PAGE using vertical slab type apparatus and II genotypes were 

tolerant. Oul of eleven tolerant genotypes five were approved varietjes and olhers were 

advanced lines that indicated the visualization of breeding against chickpea blight by the 

national researchers. The tolerant genotypes are supposed to be the best sources for 

developing resistant cullivars by gene pyramiding as suggested by Hom (2001). There 

was no relationship in clustering on the basis of seed type, desi or kabuli both for disease 

rating and seed protein analysed for seed protein. Low level of variation was observed for 

seed protein among chickpea genotypes included in the present study and similar results 

had already been reported by Thakare et al. (1987) , Iqbal, (2001), Mehrani, (2002) and 

Ghafaor el al., (2002) in legumes who observed low intra-specific variation within one 

species in their studies. SDS~PAGE showed that the method provided a tool for reliable 

germplasm discrimination based 011 genetic differences in seed storage protein 

comparison in chickpea, but no relationshi p among disease, seed type and protein 

peplides was observed. The genotypes with similar banding patterns may be dupl icated, 

but these are suggested to be confinned by the use of other biochemical markers 

including 2-D electrophoresis and DNA markers (Beckstrom-Sternberg, 1989 and 

Higginbotham et al. 199 I). 

In the present study intra-specific variation was limited and it was observed that 

seed protein alone did not exhibit high level of intra-specific variation, therefore, diverse 

gennpiasm based on seed protein is suggested to be acquired from various sources, 

preferably from centre of diversity to build a broad based gene pool with maximum 

variabili ty. Further, there was no relationship observed among three parameters, i.e., ;,,­

vitro growth of fungus, disease rating and SOS-PAGE for seed proteins, therefore for 

comprehensive knowledge of agricultural, biochemical data and Ascochyla blight 
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reaction, there is a need to enhance the level ofbiochcmieal markers (protein and DNA). 

Seed protein did not yiel any clue either for fungal growth, disease reaction, seed 

type (desl or knbuli) or origin. For most genotypes amI protein subUnits, no clear 

observation was recorded which could facilitate selection on the basis of seed protein for 

improving disease resistance in chickpea from the material under lTlvestigation. Analysis 

based on disease rating and radial growth was more reliab le than on lhe basis of protein 

peptides that indicated the use of enhanced biochemical markers. This si tuat ion indicated 

the independence of seed protein from disease reaction or complexity of genetics of this 

disease ahhough DNA markers have been reponed for Ascochyta blight in chickpea. 

(Hom, 200 1). Seed protein was not very effective for studying intraMspccific genetic 

divers ity in cultivated chickpea and disease status alone rather wild Cicer could be 

included. Further, biochemical markers are suggested to enhance by adding DNA 

markers in relation to Ascochyta blight should be included for funher evaluation and 

screening that will help in marker assistant breeding. 

5.7.1 YIELD LOSSES IN CmCKPEA CAUSED BY BLIGHT 

The objective of this study was to estimate the yield losses caused by blight in 

chickpea. The genotypes used for this purpose were the commercial varieties that are 

generally cultivated in the country. The OS, was used as an indicator of resistance 

Isusceptibilityat vegetative stage (Gemavat and Prasad, 1969). On the basis of OS} and 

percent pod infection records, Dasht was the most resistant and C-727 was the most 

susceptible genotype among the genotypes used in the study. There was low seed 

infection in NIF A-88 despite its high pod infection. Tltis may be due to the presence of 

some mechanism that restricted disease infection to pod level and resisted its penetration 

down to the seed. This was due to cell necrosis around the infected spots. Rapid cell 

necrosis and accumulat ion of phenolic compounds around the infected spot limits 

penetration and colonization of the fungus in resistant chickpea cultivars (Hoill el ai, 

1990). 

The variety NIFA-88 was tolerant at reproductive stage, which produced quite a 

high number of disease free seeds despite infection at pods and vegetati ve parts. This 
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implies that genotypic response to blight varies at different developmentul slages of 

plants (Reddy and Singh. t984; Singh and Reddy. 1993; Tripathi. 1985). Loss in grain 

yield of C-n? eM-n. and Punjab-9lwas mainly due to reduction in pods and seed 

number and seed weight. Although, Punjab-91 and C-727 were among the top producers 

with respect 10 pod and seed numbers under healthy condition but they could not be 

selected for wider cultivation due to susceptibi lity to blight. 

Three components (pods per plant, seed weight and number of seeds per plant) 

were less affected in resistant genotypes, although there was a negative association 

bctwcen diseased und healthy treatments. It also appeared that resistant genotypes could 

survive for a longer period under high disease pressure as compared to the susceptible. 

As soon as the disease pressure is reduced they produce new shoots and pods that 

compensate the loss caused by the disease to a reasonable extent. On the contrary, 

susceptible genotypes got most of their vegetative parts ki lled and were unable to 

compensate the damage either due to complete killing of plants or due to killing of most 

vegetative parts. Moreover the pod and seed infection in resistant genotypes were 

superficial causing less damage to the seed. Similar sort of results had been reported by 

Malik el al. (1991) 

The results indicated that blight affected pod number without influencing seeds 

per planl and seed weight. These findings have practical implications for the Chickpea 

breeders who breed for Ascoehyta blight resistance (Reddy and Singh, 1990). Generally, 

segregating populations showing pod infection are almost certainly discarded without 

looking at seeds, hence the breeding methodologies need to be revised for developing 

blight resistant chickpea cultivars. The chickpea growing areas of Pakistan fall into three 

different categories with respect to rainfall (Haqqani et al., 2000). The high rainfall area 

(Potowar) is a hot spot for blight incidence due to the conducive conditions for blight 

epidemics (Butler, 1918). The varieties, C-727, Punjab 91 and CM72 that showed up-to 

50% yield losses due to blight infection may not be recommended for cultivation in such 

areas. The yield losses exhibited by these genotypes agree with the reported national 

yield loss of about 50% recorded in the epidemic years. Due to a continuous break-down 

in tolerance level, resistant chickpea cultivars are needed to be developed after strict 
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screening under high rainfall areas. Resistant varieties like N1F A-88 and Dasht may be 

recommended for high rainfall areas. However, in low rainfall areas, the genotypes with 

relat ively less resistance and high yield potential may be recommended for cultivation. 
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RECOMMENDATIONS 

).- Research should have to be persued to raise yield potential and stability of 

chickpea crop along with increased level oftolerance/resistance to blight. 

~ Continuous survey for the assessment of blight in chickpea production areas is 

suggested to be carried out each year, particularly in the months of February 

and March. Meteorological data should also be recorded to determine its 

relationship to the epidemic occurrence of blight and disease forecasting . 

~ Even after 90 years of research on chickpea blight, the problem is still 

unsolved and further studies regarding host pathogen relationship of 

Ascochyta blight is still needed, although effects of environments are well 

known. Further study involving biochemical analysis including proteins and 

DNA markers should be streamlined for a comprehensive understanding of 

this complex disease. 

~ Pathogenic variability in A. rabiei has been confirmed but more studies are 

needed to solve the issues of races. Pathogenic variability indicated that the 

teleomorphic stage of A. rabiei existes in Pakistan. Therefore, chickpea 

breeders should be aware of potential problems that may arise when the sexual 

stage is a component of the disease cycle. 

~ In cooperation with plant pathologists, chickpea breeders may be able to 

utilize new molecular techniques to identify the presence of new pathotypes of 

A. rabiei that may adversely affect their resistance breeding. 

).> It would be appropriate to conduct more studies on different mixtures of 

aggressive and less aggressive isolates to confirm the aggregated effects of the 

is~lates. If it is confirmed that the least aggressive isolate reduces the disease 
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developing capability of more aggressive isolate (as observed III the present 

study). Ihe introduction of less aggressive isolate in the an.::as of more 

aggressive isolates would reduce the risk ordiSt:8sc developmel1t 

,. Several sources of resistance to Ascochyta bllgJu have been reponed In 

various countries. The resistant genotypes so far identified need to be tesfed 

for their resistance using aggressive pathotypes of Il1d o~Pak, the major 

chickpea region. FurthemlOre. disease escape strategies whcrever possible and 

meaningful, need to be adopted. 

;. The genotypes, which were resistant at seedling and vegetati ve stage, should 

be utilized in breeding programmes to build disease resistance pyramids due 

10 complex nature of Ascochyta blight. 

, Seed protein observed by SDS~PAGE was not very enective for studying 

inlra~specific genetic diversity in cultivated chickpea and di sease slalUs. 

Further, biochemical markers are suggested to be developed and used for 

variabi lity studies 111 isolates and host resistance breeding. 

, At present, susceptible segregating populntions at pod stage are being 

discarded without looking at seeds. The present investigation suggests a 

modification in breeding methodology for blight resistance, i.e., to take in 

consideration all the parameters of disease and grain yield till harvest and then 

to decide for selection or rejection of the genotypes Advanced chickpea 

breeding li nes and candidate cultivars should continuously be tested for the 

assessment of yield losses before their release. 

116 



REFERENCES 

Acikgoz, N. and I Demir. 1984. Studies on sources of resistance to chickpea anthracnose 
due to Ascochyta rabiei (Pass.) Lab. and inheritance of resistance. Agric. Ege. 
Univ. Bornova Iznir Turkey. 21 (2): 145-156. 

Ahmad, G.c., A Hafiz and M. Ashraf 1952. Association of morphological characters with 
blight reaction. In: Proceedings of the fourth Pakistan Sci. Conf, p 19. 

Ahmed, T, S.z. Hussain and A Sattar. 1949. Some popular methods of plant disease control 
in Pakistan. Agriculture of Pakistan 1: 18-22. 

Alam, S. S. 1989. Discovery, isolation and identification of two toxins involving in blight 
of chickpea caused by Ascochyta rabiei (pass) Lab. Ph.D. thesis, University of 
London. 

Alam, S.S., J.N. Bilton, AM.Z. Slawin, D.J. Williams, R.N. Sheppard and R.N. Strange. 
1989. Chickpea blight: production of the phytotoxins solanapyrones A and C by 
Ascochyta rabiei. Phytochemistry 28: 2627-2630. 

Ali, Y., M.A Haq, S.S. Alam and M.V. Reddy. 1993 . Pathogenic variability in Ascochyta 
rabiei and its identification of stable resistance. Pak. J. Phytopathol., 15(1 -2): 44-
47. 

Allen, D.J. 1983. The pathology of tropical food legumes: Disease resistance In crop 
improvement. John Wiley and Sons, Chichester, UK. 

Angelini, R. and M. Bragaloni, R. Federico, A Infantino and A. Porta-Puglia. 1993. 
Involvement of polyarnines, diarnine oxidase and peroxides in resistance of chickpea 
to Ascochyta rabiei. Journal of Plant Physiology 142: 704-709. 

Anonymous, 1963. Quarterly report for October-December, 1962 of Plant Protection 
Committee for the South East and Pacific Region. F AO, Rome. 15 pp. 

Anonymous. 1989. Food Legume improvement program: Annual report for 1988. 
ICARDA, Aleppo, Syria. 

Anonymous. 2001. Agricultural statlstlcs of Pakistan. Govt. of Pakistan. Min. Food, 
Agriculture and Livestock, Agriculture and Livestock Div. Islamabad, p 44-45. 



Arus, P. and J. Moreno-Gonz.a]ez. 1993 Markers-assisted selection r ages 3 14·33 1 in M D 
Hayward , N. O. Bosemmark and I. Romagosa (ed .) Plant breeding-Principles and 
prospects. N Y Chapman and Hall Inc 

Aslalfl. M 1984 A reVIew of research on chickpea blighl fungus In Pakistan In 
Chickpea, eds M C Saxena and K B Singh. ICA RDA. Aleppo. SYri a. p 255 

Askerov, I B 1%8. Ascochytosis of chickpea (In Russian) Zashchita Rastenl! to 
Vreditele ii Solomei, 13.52-53 

Aujln. S.S. 1960. Further studies on the blight disease of gram «( 'ic:er ant:lillilm L) eaused 
by Phyl!osIh:ta rabie/ (Pass,) Trot. Chandigrah, India: Punjab University, M,Sc. 
Thesis. 

Aujta, S.S. 1964. Study on eleven isolates of PhyllosficlC1 rahici (Pass.) Trot., the causal 
agent of gram blight in Punjab. Indian Phytopathol. 17: 83-85. 

Aujla, S.S. and P.S. Sedi . 1967. Relative reaction of different varieties of gram to bl ight 
disease incited by Phyl/osilicla rabiei ( Pass.) Trot. Punjab Joumal or Research 
Ludhiyana. (Abstract an Annotated Bibliography of Chickpea Diseases 191 5- 1967 
Y.L. Nene. (Ed.) ICRISAT Infom,.tion Bulletin (1978) 1.26.] 

Aziz. M.A. and M.N, Kainth . J960. Eva1uation of blight (Ascuchyla rahit.·t ) rcsisuUlI rypcs of 
gram. Proceedings of Pakistan Sciences Conference 12: 74. 

Barz, W.o W. Bless, W Gunia, B. Hohl, U. Mackenbrock, D Meyer, R Tenhaken. R 
Vogelsang, K.B Singh and M.e. Saxena. 1993 . Mechanism of resistance to 
fungal pathogens in cool season food legumes Pages 193-210 in K.B Sing h and 
M C. Saxena (cds.) Breeding for resistance in cool season food legumes 
Chichester, UK, Jo hn Wiley & Sons 

Beckstorm-Stemberg, S.M . 1989. Two-dimensional gel e1t.!clIuphuresis as a ta >..ulIo mic 
1001: evidence from the Centrspemlae. Biochem. Syst. Eco!. , 17:573-582 

Bashir, M., 5.S. Alam and S.H. Qureshi . 1985 . Chickpea germpiaslll evaluatio n fo r 
resistance to Ascochyta blight under artificial conditions. Intemational Chickpea 
Newsletter 12: 24 . 

Bashir, M. and M .P. Haware. 1986. Screening of chickpea genotypes for resistance to SIX 

race..'\ ofhlight . International Chickpea Newsletter No. 14:27-29, . 
Bedi. P.S. and D.S. Athwal. 1962. C-235 is the answer to blight . Indian Fanning 12' 20-22 

Bedi. P.S. and S.S. Aujla. 1969. Variability in Phy/losticla rahiei (Pass.) Trot.. lhe incite"t 
of blight diseases of gram. Punjab]' Res. 6 : 6-8. 

11 " 



8edi. P S. and S.S Aujla. 1970. Factors affecting mycelial growth and size of pycnidja 
produced by Jlhyl/oMlC.'la rabiel (Pass.) Trot. the Incident of gram blight. PUl~ab 
loumal of Research 4. 6Q6.-609. 

Bejiga. G 1980 Chickpea production In Etruopla. In ' Proceeding of the Intemauunal 
Workshop on Chickpea Improvement, Hyderabad, India 28 Feb - 2 March 1979 
J.M GreenC/ul (eds ), ICRlSAT, lndia, pp 236-242 

BenJoch. M 194 1 Some Phytopathological characteristics of the year 1941 (in S,wnb h) 
Bol. Pat. Veg. Ent. Agr. 19: 128-133. 

Biggs. C.E.G 1944. 1943 Annual report. Department of Agriculture, Tanganyika Territory, 
8pp. 

Blackman, lK.P. 1969. Sel-inhibition of germination of pycniospores of Ivlymq}lIaerlla 
ligulico/a in relation to the temperature of their formation. JOllmal of General 
Microbiology 57: 159- 167. 

Brewer, D. 1960. Studies in Ascocllyla pisi Lib. Canadian Journal of Botany ) I ' 739-744. 

Bushkova, L.N. 1960. Susceptibility of chickpea varieties to Ascochytosis ( In Russian). 
Zashch. Rast . Mosk. 5: 55. 

Bulter. EJ. 1918. Fungi and Diseases in Plants. Bishen Singh, Mahendra Pal Singh and 
Periodical Expers. Vivek Vihar- Delhi. India. 

Chaube, H.S. and B.K. Pandey. 1986. Transmission of seed-borne inoculum of A.'t{.'oc/tyla 
rabiei (Pass) Lab in chickpea seedlings. Bulletin of Pure and Applied Sciences 5B, 
pplS. 

Chaube. H.S. and TK. Mishra. 1992. Ascochyta bLight of chickpea. In ' Planl diseases of 
international imponance. Singh. U.S., A.N. Mukhopadhyay, J Kumar and H S 
Chaube eds.) pp 445-464. NJ, USA. Prentice Hall. 

Chauhan, P.K.S. and S. Sinha. 1973. Effect of varying temperature, humidity, and light 
during incubation in relation to disease development in blight of gram «('icer 
aril!lillum caused by Ascochyla rabiei. Proceeding of the National Science Academy 
oflndia, B 37, pp 473-482. 

Chongo, G. . B.D. Gossen, C. Annstrong, and L. Buchwald. 2000. Resistanl chickpeas are 
susceptible to ascochyta blight at flowering. Research Letter 00-04. Agriculture and 
Agri-Food Canada, Saskatoon. 

Comes, O. 1891. Critlogamia Agaria, I. Naples [cited by Jones, LK (1927) New York 
Agricultural Experimental Station Bulletin No. 547.] 

Crino, P .• A. Porta-Puglia and F. Saccardo. 1985. Reaction of chickpea lines to AS('YJCh),IG 
rabiel in winter sowing in haly. International Chickpea Ncwsleller 12: 27-29. 

11'7 



Del-Serrone. P., A. Pona-Puglia and P. Crina. 1987. Componamento del ccce verso 
A.w:ochyla mhiei effellto delletae Della concentrazlone dl Inocula. nfornla(Qre 
Fitopathologica 37: 59-6 1. 

Demetriades., S D . DG Zachos. P.T. Constantinous. CG Panagopulos and C G Iiolves 
1959. Brief repons on the principal plant diseases observed in Greece dunng Ihe 
year 1958 (in Frellch) AnuaJes de Ilnstitut Phytopathologieque Denaki"2 1 

Dey. S K (lnd G Smgh 1994 Sccdborne infection of Asc.:ochyta m hlt'l 111 chickpea and its. 
transmission to aerial plant pans. Phytoparasilica 22.3 1-37 

Directorate of Soil Survey. 1968. Integrated reconnaissance survey of soil and vegetation 
of thai . Lahore. (>ak islan. Directorate of Soil Survey. 160 pp. 

Dolar. F.S. and A Gurcan. 1992. Pathogenic variability and race appearance of A.\·("lJcllyla 
rohiei (pass.) Lab. in turkey. Journal ofTurkish Phytopathology 21. 61-65 

Eli ades. K.G. 1983 . Evaluation of varieties and populations of chickpea for resistance to 
Ascochyta rahiei (Pass.) Lab. under autumn sowing. Geargike Ereuna 7(2): 220-
229. 

Enken, V.B. 1954. Breeding chickpea for resistance to ascochyta (In Russia). Zeueledelie. 7 
82-87. 

Eser, D. 1976. Heritability of some imponanl plant characters. their relationship with plant 
yield and inheritance of Ascochyta blight resistance in chickpea (('/(.:~I' lII"l!lmllm L.) 
(Turkish ( Ankara University Zirrat Fakultesi Yayinlari 620 1-40 

Ganeva. D and B Matsov 1977. Comparative testing of introduced Mnd loctl l sn mplcs or 
chickpea. Rastcneiv dni Nanki 14. 51-59. 

Gaur, R.B., R.V. Bhanushally. R.O. Maheshwari. R.O. Singh and R.P Bhardwri. 1983. The 
screening of chickpea cultivars for disease resistance to Ascochyta blight under 
natural and anificial conditions. International Chickpea Newsletter 9.2 1 

Gaur, R.B. and R.D. Singh. 1987. Evaluation of chickpea cu lt ivars for resistance to 
Ascochyta blight under artificial conditions. International Chickpea NewslcHcr 
16:3 

Gemavat. P.P. and N. Prasad. 1969. Efficacy of different fungicides for control of 
Alternarea blight ofCumil1um cym;llum. Indian Psychopathology 22: 49-52 

Ghafoor, A , Z. Ahmad, AS. Qureshi and M. Bashir. 2002. Gcnetic relationship in "iXI/o 
mill/go (L.) Hepper and V. radiala (L.) R. Wilczek based on morphological trait s and 
SOS-PAGE. Euphytiea, 123(3)' 367-378. 

120 



Golube, A A. 1974 Resistance differentiation of the cultivated chickpea in relation 10 

morphological and pathogenic features of the blight pathogens Asc(x:IlYlo rahleJ 
(Pass.) Lab. (In Russian). I Turdy Po Priklandonoi Dotanike. Genetikci Selektisii 
53. t32· 137 

Gowen S R 1982 Patha cnicity of isolates of Ascochylo rub,e, Internatronal Cludpca 
Newsletter 7. 16· 17 

Gowen SR. 1986 Investigation into vwiability in Axcochy/a rahll!1 and resistance fa the: 
disease in chickpea Report of Project R3 712 funded by Overseas Development 
Administration and done in collaboration with the International Centre for 
Agricu lture Research in Dry Areas. University of Reading, UK. 

Gowen, S.R., M. Orton, B. Thurley and A. While. 1989. Variation in pathogenicity of 
Ascochyla rabtei on chickpea. Tropica1 Pest Management 35: 180- 186. 

Grewal, J.S. and S. Vir. 1974. Varietal resistance of gram 10 ascochyta blight Indian 
Phytopathology 36: 516-520. 

Grewal. J.S. 1975. Ascochyta blight of granl bengal. In: Prof. R.N . Tondon binhday 
celebration committee, Advances in Mycology and Plant Patholo~,.y, Indian 
Phytopanhologica1 Society. New Delhi, Kovachevski , I.e. 1935. Parasitic fungi 
new for Bulgarian. Fourth contribution. Travaux de la Societe Bulgare des Science 
Nature1 la 27: 13.61. 

Grewal, J S 1984. Evidence of physiologica1 races in A.'ICOChyla rahiei of chickpea In ' 
Ascochyta blight and winter sowing of chickpea (eds.) Sa.xena. M e. and K B 
Singh). ICARDA! Martinos NijhoffPublishers. 255·259 

1 fabgood RM, 1970. Designation ofraccs of plant pathogens. NalUre 227, 1269- 1290. 

Hafiz, A 1952. Basis of resistance in gram to Mycosp}uwrel!a blight . Phytopathology 42: 
222·234. 

Hafiz A 1986. Plalll DI,~·eases Directorate of Publication, PARC, Islamabad, Pakistan. 

Halfon-Meiri. A. 1970. Infection of chickpea seeds by Ascochyw mbiei. Plant Disease 
Reporter 54: 442-445. 

Haq, M. A., A. Shakoor. M. Sidiq and M. Hussain. 1981. Induction of Ascochyta blight 
resistant mutants in chickpea. Mutation breeding Newsletter 17: 506. 

Haqqani , A.M., M.A. Zahid and M.R. Malik. 2000, Legumes in Pakistan. Pages 98- 128 
In. Legumes in rice and wheat cropping systems of the Indo-Gangetic Plains­
constraints and opportunities. (Johansen, c., Duxbury, J.M ., Virmani , S.M., 
Gowda, C.L.L. , Pandes, S. and Josh, P.K. eds.). International Crops Research 
Institute for the Semi-arid Tropics; and Ithaca New York, USA. Cornel University 

111 



230 pp. 

Han Chand. S,K, Khirbat, H.R. Singh, B. Jalali and R Singh 1988 Association of 
morphological and biochemical characters with chickpea Ascochyta blight Indiill1 
Phytopathology 4 1 (I) 75-79 

J-Iaware. M.P., Y L Nene and S. Mathur 1986. Seed~bome diseases of chickpea Tt..'Chnical 
Bulletin No. l. Danish Govemmcnt Institute of Seed Palhology tor Developing 
Count ries and ICRlSAT, Copenhagen.. Denmark. 

Haware, M.P. 1987. Occurrence of perfect state of A .\·c;(Jc;J~)'I(, rohiei In Syria 
International Chickpea Newsletter 17: 29-30. 

Haware, M.P. 1998. Diseases of chickpea. In: The pathology offaod and pasture legumes 
(eds.) Allen, DJ. .nd J.M. Lenne, pp 473-516. Wallingford , UK. CAB 
International. 

Higginbotham, J.W., J.S .c. Smith and O.S. Smith. 1991. Quantitative analysis of two­
dimensional protein profiles in inbred lines of maize (lea mays L) 
Electrophoresis. 12:425-431. 

Hohl, B., M. Pfautsch and W. Barz. 1990. Histology of disease development in resisrant and 
susceptible cultivars of chickpea (eker arietimlltn L.) inoculated with spores of 
A."c(x:hyta rohiei L Journal of Phytopathology 129: 31-45. 

Hoh!, B., C. Weidemann, U. Hohl and W Barz 1991 Isolate of solan.pyrone A, Band C 
from the culture filtrates and spore gennination fluids of A,w:ochyta rahlel and 
aspects of phytotoxin action. Journal ofPhytopatholoh'Y 132: 193-206. 

Hom, D. 2001. Development of RAPD markers for Ascochyta blight resistance in chickpe.1 
M.S. thesis. University of Saskatchewan. Canada, pp \ .4. 

Hussain, S. and B.A. Malik. 1991. Pathogenic variability in Ascochyta mhiei in Pakistan. 
Int. Chickpea Newsletter, 24:36-37. 

Hussain S. and W. Sarz. 1997. Isozyme polymorphism in Ascochyfa rahiei isolates fi'om 
Pakistan. Pakistan Journal of Botany 29, 207-2 16. 

(CARDA. 1993. International Centre for Agricultural Research in the Dry Areas. Food 
legume improvement probrram: Annual Report for 1993, ICARDA, Aleppo, Syria. 

ICRISAT. 1976. ICRISAT Annual Report 1975. International Crop Research Institute Cor 
semi-Arid Tropics, Hyderabad, India, 

ICRISAT. 1977. ICRISAT Annual Report 1976. International Crop Research Institute tor 
semi-Arid Tropics, Hyderabad, India. 

122 



ICRISAT 1978 ICR1SAT Annual Report 19n lntenmlional ('rop Re..warch In.sliluk lor 
semi-Arid Tropics, Ilyderabad. India. 

ICRISAT 1982 ICRISAT Annual Report 1982. International Crop R""",,,,h In'til,,!c f<)f 
semI-Arid rropics. Hydernbad, Jndia 

lIyas, M B and I U. Khan. 1986. A low cost easy technique for the cullunng of I h C()('/lylU 

ruhle' funsus. Pak. } Agri. Sci, 23. 60. 

Ilyas. M.B I A. Rehman and K. lfiikhar. 199 1. Sources of resi stance III cllickpea Pak. 1. 
Phytopathol. , 3 :83-86. 

IqbaJ, S.M. LA. KJlaJl and M. Bashir. 1989. Screening of chickpea cultivars against 
Ascochyta blight in Pakistan. lnternationaJ Chickpea Newsletter 20: 16. 

IqbaJ. S.M., S. Hussain and B.A. MaJik. 1994. Screening chickpea lines for resistance to 
ascochyta blight . IntemationaJ Chickpea and Pigeonpea Newsletter I : 21 

Iqbal. M.S. 2001. Genetic diversity and evaluation in local and exotic cowpea ["iK"tt 
ulIguicli/aia (L.) Walp.] germplasm based on plant traits and SOS-PAGE. M. Phil. 
Thesis, Department of Biological Sciences, Quaid-l-Azam University, Islamabad, 
Pakistan. 158pp. 

Jalali, B.L., S.K. Khuroat and M.S. Sangwan. 1983. Testing chickpea genotypes for 
resistance to Ascochyta blight. lnlernational Chickpea Newsleller 9: 18- 1 C). 

lamil, f.F., M. Sarwar, I J-Iaq and N. Bashir. 1995. Identification or pathotypes in 
A.lwchy/o rabie' (pass) Lab., the cause of chickpea blighl In P.~i<l.o Pakistan J 
BOl,27: 193-199 

lamil f ,F., N. Sarwru, M. Sarwar, lA. Khan. J. Geisllinger and G Jkahl 2000 Genetic and 
pathogenic diversity within AscochYIa rabiei (Pass.) Lab. populations in Ilakistan 
causing blight of chickpea (Cicer (Vietillum L.). PhyslO/OKicul and AI/a/eeu/o/' Plant 
/'alh(l/ogy 57, 243-254. 

Jan, H. and M.V. Weise. 1991. Virulence fomls of A~'coehyla rabiel affecting chickpea in 
the Palouse. Plant Dis. 75: 904-906. 

Kaiser. W.J. 1972. Occurrence of fimgaJ diseases of chickpea in Iran FAD Pla.l1l POlrection 
Bullelin 20: 74-78. 

Kaiser, W.J . 1973. Factors affecting growth, sporulation, pathogenicity, and survival of 
A.w:ochyla rabiei. Mycologia 65: 444-457. 

Kaiser, W.J . 1984. Control of Ascochyta blight of chickpea through clean seed. In 
Ascochyta blight and winter sowing of chickpea Saxena MC and K B. Singh (eds.), 
ICARDA! Martiunus NijhotfPublishers, 117- 122. 

123 



Kaiser, W.J . and R.M. Hannan. 1987. First report ofMyco.vxmdla mhu.d on chickpea in the 
Western Hemisphere. Plant Disease 71 , 192 

Kaiser. W 1., R.M Hannan and A. Trapero--Casas 1987 Survival of A.\co(.'/~rJtI I'Uhll:l. In 
chickpea debris, Phytopalholog 77- 1240. 

Kaiser. W 1. 1992. Epidemiology of A,'\Cochylo rabll:l. In. Disease Resistance Orcedillg in 
Chickpea SlIIgh KB & M C. Saxena (eds.). Aleppo. Syria· ICRDA. 117· 143 

Kaiser. W.J. 1997. Intera~ and international spread of ascochyta pathogens of chickpea. faba 
bean, and lentil . Canadian Journal of Plant Pathology 19· 215~24 

Kalia. N.B. 1994. Chickpea improvement in Himachal Pradesh. Internationa l Chi ckpea 
Newsletter 11 :9. 

Kasumenoglu. I .• FJ. Muehlbauer and K. Kazan. 1992. Inheritance of isozyme varia tion 
in Ascochyta blight resistant chickpea Jines. Crop Sci. 32 . 121 ~ 127 

Katiyar, P. and O.P. Saod. 1995. Screening of chickpea for resistant to Ascochyta blight . 
International Chickpea Newsletter 13: 19-21. 

Kaur, S. 1995. Phytotoxicity of solanapyrones produced by the fungus A:,co(."hyta rabiel and 
their possible role in blight of chickpea (Cicer arelilllllJt L.). Plant Science 1 09: 23~ 
29. 

Kausar. AG. 1965. Epiphytology of recent epipytotics of gram blight III West Pakistan. 
Pakistan Journal of Agriculture Sciences 2: 185- 195. 

Kinaci. E. and 1-1 . Dalkiran. 1987. Resistant source indication against AscochytH blight of 
chickpea in Central Anatolian regions. 1. Turkish Phytopath .• 16(1).9- 15. 

Khachatryan, M .S. 1961. Seed transmission of Ascochyta intection in chickpea and the 
effectiveness of treatment. Sbornik Nauchnykh Trudov Nauchn-lssl<..>cIo vatel sk 
Zemledel Armyarskei 2: 147. 

Khachatryan. M.S. 1%3. Some problems of the biology and dynamics of development of 
ascochytosis of chickpea in Annenian S.S.R. (in Russian). Biological Sciences 15: 
23·30. 

Khalil, S. and M.A Khan. 1986. An improved agar medium for Ascochyla rahici (Pass.) 
Labr. International chickpea Newsletter 14: 27. 

Khan, I-I.R. , S.M. Iqbal, A.M. lIaqqani, M.SA Khan and SA Malik. 1991. Thal- Ihe home 
of chickpea in Pakistan. International chickpea Newsletter 24: 7-10. 

Khan, M.S.A, M.D. Ramsey. R. Corbiere., A. Porta~l)lIglia, Z. Bouznad and E.S. Scott . 
1997. Ascochyta blight of chickpea a crop in Australia. 4th Intemational Food 



Legwne Rt:search Conference, 22·26 September 1997 Adelaide, Soulh AUSlralia 
(abstract). 

Khnrl, M.S .. M.D. Ramsey, R~ Corbiere. A, Infantino, A. POllfl~ Puglia, Z. Bouzalrd and E S 
Scott 1999 Asocchyta blight in Australia: identification, palll\)~ertidly and lTlitting 
types Plant Pathology 48: 230-234 

Khico. V G. 1974. A snrdy of resistance 10 Ascochyla in chic~pea (In RUS!Mn), Zashch 
Ras!. Mosk 5: 55. 

Khune, N.N. and IN, Kapoor. 1980. Ascochyta rahiei synonymous with J1I101J1Cl mhiei. 
Indian. Phytopathology 33: 119-120. 

Kohler, G., C. Linkert and W. Barz. 1995. Lnfection studies of CiccI' arielimmt (L.) with 
GUS~ (E,coli beta-glucuronidase) transformed Ascochyta rabiei sirains. l oumal of 
Phytopathology 143 : 589-595. 

Kojnov. G. and P. Redkin. 1970. Breeding resuhs and comparative studies of sOllie 
Bulgarian varieties of chickpea. (In Bulgarian). Rasteniev dni Nauki, 7: 45~52. 

Korsakov, N.t. 1975. Results of work with leguminous crops (In Russian). Tnldy Po 
pnnklandi Botanike. Genetike J Selectisii. 56: 62-70. 

Kovachevski. I.e. 1936. The blight of chickpea (Cieer arilillum) Myco.\]lhaerella rabiei 
f.sp. cieri (in Bulgarian). Ministry of Agricultu re and National Domains, Plant 
Protection Institute, Sofia, Bulgaria 80 pp. 

Labrousse, F. 1930. Anthracnose of the chickpea (Cieer arielill/lln) (in French) , Rivista de 
Patholgigc Vegetale et Enomologie Agraric 27' 174- 177 

Labroussc, F. 193 1 a. Anthrqacnose of chickpea ( Ln French) Revista de Pathologie Vegetale 
et Enomolgige Agrarie 28: 223-26 

Labrousse, F. 1931 b. Observations on some diseases of market garden plants (In French), 
Rivista de Pathologied Vegetale et Enomologies Agrarie. 28: 223~26. 

Laemmli. u.K. 1970. Cleavage of structural proteins during the assembly of the head of 
bactenophage T4. Nature 227: 680-685 _ 

Ludwing, O. 1928. lnvestigations on AscochylQ pis; Lib, Beirage Zure Biologie der PfJan 
Zen 16: 464-5 10. 

Lukashevich. 1958. Peculiarities of the parasitism of the causal agent of ascochytosis of 
chickpea and their role in the accumulation of infection (in Russian). Rep. Acad. Sic, 
UK, 7: 788-792 .. 

. 125 



Luthra, J.c. and K.S. Bedi. 1932. Some preliminary studies on gram blight with reference to 
its cause and mode of penetration. Indian Journal of Agriculture Sciences 2. 299-
SIS 

Luthra. J C ,A Sallar and K S Bedi 1935. life-history of gram blight [A'\"C'(lchYI(f rahlt'l 
(pass) Lab = Phy/lo,Y(;W rahie; (Pass.) Lab. Trot I On gram «'u,:t-r orll:1II1I1I1I L ) 
and its control in the Punjab. Agriculrure and Livestock in India 5- 489-498 

Luthra, J C . A Sattar and K.S. Bedi. 1938. The control or blight disease of gram by 
resistant types. Current Science 7: 45-47. 

Luthra, J.e, A. Sattar and K.S. Bedi. 1939. Variation in A,\"C(}cltY{(f ralJfl!1 (Pass.) Labr. , the 
causal fungus of blight of gram (Ck'er arie(;'IIIU1 L.). Indian J. Agric Sci 9 79 1-
793 . 

Luthra, J.c., A. Sattar and K.S. Bedi. 1941. Determination of resistance to the blight di sease 
(Myco!Jparee/la rabiei, KovaG'C)/!J*i- Ascochyla rabid (Pass.) Lab, III gram types 
hldian Journal of Agriculture Sciences 11 : 249-264. 

Luthra, J.e, A. Sattar and K.S. Bedi. 1943 . Further studies on the control of gram blight. 
Indian Farming, 4: 413-416. 

Maden, S., D. Singh, S.B. Mather and P. Neergaard. 1975. Detection and location of seed 
borne inoculum of Ascochyta rabiei and its transmission in chickpea rOce,. 
ariel,,"m). Seed Science & Technology 3: 667-681 

Maheshwari, R. V and J B. Bhanushally 1984. GNG 146 Chickpea An answer to 
Ascochyt8 blight Internat Chickpea Newsletter No. I \: 7-8 

Mali k., B.A. and M. Bashir 1984. Strategies for controlling gram blight ProgressIVe 
Farming 4: 2 1-23. 

Malik, B.A. and M. Tufail. 1984. Control of Ascochyta bJjghl of chickpea through clean 
seed. In: Ascochyta Blight and Winter Sowing of Chickpea: Proceeding of the 
workshop, 4-7, May 1981. Saxena, MC and Singh, K.B (eds.). Aleppo, Syria 229-
235. 

Malik, B.A. 1986. Breeding for Ascochyta blight resistance in chickpea in Pakistan. In ' 
Ascochyta Blight Resistance in Chickpea. Proceeding of training course at NARC, 
Islamabad, Pakistan, and 3-10 March 1984 Ibrahim el al. (cds. ) ICARDA, 83-92 

Malik, B.A. 1990. Genetics of resistance to Ascochy(o raMe; in chickpea «('icer arie(;IIUIII 
L.). Ph. D. Thesis submitted 10 Depanment of Biological Sciences, Quaid·I-Aulll 
University. Islamabad, Pakistan pp 140. 

Malik, M.R., S.M Iqbal and BA Malik. 199 1 Economic losses of Ascochyta blight in 
chickpea. Sarhad J. Agric. 7(6): 765-768. 

" 1?6 



Mayer, M.S., A. Tullu, C.J . Kumar, W.J. Kaiser, J.M. Craft and F. J. Muehlbauer 1997 
Development of DNA markers for Fusarium wilt resistance in chickpea. Crop Sci. 
37: 1625-1629 

Mehrani. P. 2002. Genetic diversity in local and exotic pea (J';SII", stllll 'lI l11 L) gcrmplastll 
formorphologicallraits and SDS-PAGE markers. M. Phil. Thesis, 

Mlruki, A cmd S.B Hamid. 1984 Chickpea improvement in Tunisia In Ascochyta bljght 
and winter sowing of Chickpea (eds) Saxena, M.C. and K.B. Singh) ICARDAI 
Maninus NijhoffPublishers, 255 . 

Mmbaga, M.T .• S. Kabbabeh Sand KB. Singh. 1994. Pathogenic variabili ty ofA.w:(Jd~)'Ul 
rahiei and Ascochyta bl ight resistance in chickpea (eicer ( /f'/f.!1illlfll1 L). 
Proceedings of the Ninth Congress of the Mediterranean Phytopathological 
Union. September 19-25, Turkey. 

Mo~ane H, J. Geistlinger. M. Harrabi, K. Weising. GKahl. 1994. Oligonuleotide 
fingerprinting detects genetic diversity among Ascochy/a rabid isolates from a 
single chickpea field in Tunisia. Current Genetics 26. 19 1- 197. 

Morral l, R.AA and D.L. McKenzie. 1974. A note on the inadvertent introduction of North 
Amenca of Ascochy/a rabiei, a destructive pathogen of chickpea. Plant di sease 
reponer 58: 342-345. 

Muehlbauer, f .l and K.B. Singh. 1987. Genetics of chickpea. In: The Chickpea (ed' 
K.B. Singh and M.C. Saxena. Wallingford, UK, CAB Intemational , PI' 99- 127 

Navas-Cones. lA., A Trapero-Casas and M. limenez-Diaz. 1995. Survival of f),dYlllelln 
mbiei in chickpea straw debris in Spain. Plant Pathology 44: 332 .. 339 

Neergard, P. 19n Seed Pathology. Vol. I London: MacMillan Press. 

Nemiienko, F.E. and A.1. Lukashevich. 1935. Agrotechnical Measures against ascolOsis of 
chickpea (in Russia). Plant Protection Moscow 4: 13 

Nene, Y .L. 1980. A world lisl of pigeonpea (Cajalllls cqicl/I L.) and Chickpea (Ci<.vr 
arie/illl/l11 L.) pathogen. ICRlSAT Pulses Pathology Progress Repo rt - 8 pp 14 . 

Nene, Y L. 1980. Diseases of chickpea. Proceedings of the International Workshop on 
Chickpea Improvement, 28 Feb·2 March 1979, Hyderabad, India. ICRISAT, 
Pataneheru, India. 171-178. 

Nene, Y.L. 1982. A review of ascoehyta blight of chickpea. Tropical rest Management 28: 
61-70. 

1l!? 



Nene. Y.L 1984. A review of ascochyta blight of chickpea « 'Ica onelllllllll L.) In 
Ascochyta blighl and Winter Sowing of Chickpea: Proceeding of the wor~shop, 4-7 
May 198 1. Saxena. MC and K.B. Singh (Eds ), Aleppo, Syria. pp 17-31 

Nelle. YL and M.V Reddy_ 1987. Chickpea diseases and their control III IlIl' Chidpea. 
Saxena. Me and Singh, KB (cds. ). CAB International, Oxtordshirc, UK pp 2JJ 
270 

Nene, Y.L. and V.K. Sheila. 1992. Important disease problems of kabuli chickpea. Ill' 
Ascochyta Blight and Winter Sowing of Chickpea: Proceeding of the workshop. 4·7 
May 1981. Saxena, MC and Singh, KB (cds.) Aleppo, Syria, pp. 11 -22. 

None, Y,L. , V.K. Sheila and S.B. Sharma. 1996. A world list o r chickpea and pigeon pea 
pathogens. (CRt SAT Pulse Pathology Progress Report No. 32, Sth editioll . 

Okhovat, M. 1979. Susceptibility of chickpea (Cicer arielilll/Ill L.) lines to A:n:ochy(o rahiel 
(Pass.) Labr. Iranian Journal of Plant Pathology 15: I- II . 

Padwick G.W. 1948. Plant protection and food crops of India. Plant pests and diseases of 
rice, wheat sorghum and gram. Empire Journal of Experimental Agriculture 16: 5S-
64. 

Pal, M. and B. Singh. 1990. Indian 1. mycol. PI. Patholo., 20( I): 60-Q I. 

Pandey, B.K. 1984. Studies on chickpea blight caused by A"'-vdo,ta rahlel (Pass.) with 
special reference to survival in crop debris, M.Sc. thesis., GS PUA & T, Pantnagar. 
India 

Pandey, B.K., U.S. Singh and H.S. Chaube. 1986. Development of A>;('och),IG rabid in the 
leaves ofa susceptible chickpea cultivar Indian Phytopathol. 38: 779. 

Pandey, B.K. and U.S. Singh and H.S. Chaube. 1987. Mode of infection ofascochyta blight 
of chickpea causcd by Ast:ochyla rabiei. Journal of Phytopathology, 199: 88-93 

Pavlova. A. 1935. Varieties of gram resistant to Ascochyta blight (in Russian). Bull. AppJ. 
Bot. Leningrad. Ser. A. 14: 43-45. 

Pedersen. E.A. and R.A.A. MorraU. t 994. Effects of cultivar leaf wetness duration. 
temperature. and growth stage on infection and development of ascochyta blight or 
lentil. Phytopathology 84: 1024-1030. 

Pizano, M. 1997. How to manage and prevent carnation Fusariulll wilt . Floracuiture 
International. 7(3): 22-25. 

Pona-Puglia, A. 1984. Resistance of Cicer are/ilium to Ascocl1yUt rabici . Problems and 
prospects. 9: 193-195 . Instil us spcrimentale perla pathologia vegetab" Rome, 
Italy 

12e 



Porta~ Puglia. A., P. erino, F. Saccardo, and G. Cecchini 1985 Differcillial behavior of 
chickpea lines towards some isolates of Ascochy/a mhit!l. Internalional Chickpea 
Newsletter 12: 22-23. 

Pona-Puglia, A . P Cn llo, F. Saccardo and G DIUiambalUSitl 1<)86 Variability of 
A.w.:ocl~)1{(1 rahit:i in Italian chickpea crops. Inlt!l'fllllional Food Lcgume Conference. 
7-11 Jul, Spokane, Washington, USA O'Keene, lE and Mucibilllrc, FJ (ed,.) 
Coliege of Agriculture, University of Idaho, USA, (Abstract, p 50) 

Porta-Puglia, A 1992. Variability in Ascoc'hy/a rahid In: Disease resistance breedmg in 
chickpea. Proceedings of the consultative meeting on breeding for resistance of the 
kabuli chickpea, pp 135- 143. 

Porta~Pugiia. A. and P. Crino. 1993. Ascochyla rabiei- cece. In: Miglioramento Genetico 
delle Piante per Resistenza a Patogeni e Parassit. Crina P, Sonnino A, Saccarda F, 
Buiatti m, Porta.Puglia A, Surico G, (eds.) EDAGRICOLE, Edizioni Agricole, 
Bologna, Italy, pp 350·370. 

Porta-Puglia., A., C.C. Bernier, GJ. Jellis, WJ. Kaiser and M.V. Reddy. 1994. Screening 
techniques and sources of resistance to fol iar diseases caused by fungi and bacteria 
in cool season food legumes. Euphytica 73 : 11 ·25. 

Porta-Puglia. A.. P. Crino and C. Mosconi. 1996. Variability in vimlence to chickpea of an 
Italian population of As(;(xhyla rabiel. Plant Disease 80; 39-4 1 

Puerto-Romero, 1. 1964. Gram blight-Isolation of the fungus and the study of the gram 
varieties possibly resistant to it. (In Spanish). Boleli Pathologie Vegetal E. Agl'aria 
27: ' 5052 Abstracted in: An Annotated Bibliography of chickpea Diseases 1915-
1976. Nene el at. (Ed,.). ICRlSAT Infonnation Bulletin ( 1978). 2.19 

Punithalingam E. and P. Holliday. 1 972a. As(xx;hyla CMI Descriptions of' Pathogenic rungi 
and Bacteria. Kew, England: Commonwealth Mycotogicailnstitl.lte. No. 334 

Punithalingam, E. and P. Holliday. 1 972b. A4yt:osphaen.dla PIllrx/t:S eMI Description of 
Pathogenic Fungi and Bacteria. Commonwealth Mycological Institute, Kew. UK 
No. 340. 

Punithalingam, E. and P. Holiday. 1972c. ASt.yx:hyta nthit:i CMI Description of Pathogenic 
Fungi and Bacterial Commonwealth Mycologicallnsl ilute, Kew, UK No. 337. 

Qureshi, S.H. and 5.5. Alam. 1984. Pathogenic behavior of Ascocilyla rabiei isolates on 
different cultivars of chickpea in Pakistan. lnternational Chickpea Newsletter 10: 29· 
31. 

Radulescu, E., E. ScJunitt and A. Cassian. 197 1. Contributions to fhe study of anthracnosis 
of chickpea (A4ycosp/lacre/la mbiei Kov.) (In Romanian). Lucrari Sluntifice 12: 
3 11 ·321. 

129 



Ramanujam, S. 1974. Ma....:illlization of puiS<! production. Indian Farming 24 27-28 

Randhawa. M.A 1994. Role of some morphological and chemical characters of grdnl in 
resistance to Ascochyta blight. Ph.D. TIlesiS. Unlv. Agn, J·3..Islabad. Pakistan. pp 
191 

Reddy. M.V nnd Y L Ncne. 1979. A case for induced mutation in chickpea for AscochYla 
blight resistance. In: I)roceedings of Symposiulll on the Role of Induced Mutations 
in Crop Improvement Osmania University, Hyderbad, India pp 398-208 

Reddy. M.V. and M.N. Khare. 1984. Funhcr studies on factors influencing the 
mechanism of resistance in lentil (I.ens culinami M.) to nlst (Uron~rc:es j(lhae 
(Pers) de Bary. LENS Newsletter 11 (2): 29-32. 

Reddy. M. V. and K.B. Singh. 1984, Evaluation of a world collect ion of chickpea 
gennplasm accessions for resistance to Ascochyta blight. Planl Disease 86: 900-90 I 

Reddy. M. V. and S. Kababeh. 1984. Eradication of Ascochyta mind from chickpea seed 
with Thiabenazole. International Chickpea Newsleuer 10: 17- 18. 

Reddy. M.V, SA Hussain, B.A Malik and K.B. Singh. 1984 . Efficacy of Calixin M and 
other fungicides against Ascochyta blight in chickpea. International Chickpea 
Newslencr 8: 23-25 

Reddy. M. V. and S. Kababeh. 1985a. Pathogenic variability and race establishment of 
AsmchyJa rahi!!; (Pass.) Lab. In Syria and Lebanon. Plant Disease 69: 171 

Reddy, M V and S Kababeh 1985b. Pathogenic variability in A"codO'''' rah,e, (Pass. I Lab 
In Syria and Lebanon Phytopath MediI 24 265-266 

Reddy, M. V. and K B. Singh. 1985. Exploitation of host-plan resistance in the management 
of ascochyta blight and othel diseases of chickpeas In. Proceedings of the 
international workshop on faba beans, kabuli chickpeas, and lentils in Ihe1980s. 
Saxena, MC and Varma S (eds.), ICARDA, 16-20 May 1983, Aleppo. Syria . pp 
129-15 1. 

Reddy. M.V. and K.B. Singh. 1990. Relationship between Ascochyta blight severity and 
yield loss in chickpea and identification of resistance lines. Phytopathologia 
Meditcrranea 29: 32-38. 

Reddy, M.V. and K.B. Singh. 1990. Relationship between temperature. 
and ascochyta blight in winter-sown chickpea in Syria. 
Mediterranea 29: 159-162. 

relative humidity 
Phytopathologie 

Reddy. M.V., K.B. Singh and R.S. Malhotra. 1992. Multiplication and evalualion of 
chickpea gernlplasm and breeding lines for resistance to ascochyta blight Phytopath. 
MediI. 31: 59-66. 

1 3J 



Redkov, P. 1970. Susceptibility of some chickpea varieties 10 k~CJspard/{/ (In Bulgana) 
Raslen dni Nauki 18. 2b27 

Redkove, P 1976. Blackening of chickpea in Bulgaria (1n l3ulgarian) Rastcn dni Nauki 24 
30-31 

Religl~ B and W. Lehrer. 1977. Breeding chickpea for ascochyta blight Phytoparasitica 5' 
61-62. 

Rijkenberg, F. H. J., G.T.N. Deleeuw and K. Verhoelf 1980. Light and electron microscopy 
studies on the infection of tomato fiuilS by BOlrylis cinerea. Canadian Journal of 
Botany 58: 1394-1404. 

Robenson, L.D .. K.B. Singh and B. Ocampo. 1995. A catalog of annual wild Cicer species. 
ICARDA, Aleppo, Syria. 

Rohlf, FJ. 1993 . NTSYS-pc. Numerical taxonomy and mult ivariate analysis system. 
version 1.80. Applied Biostatistics lnc., New York. 

Roumen, E.C., lM. Bonman and lE. Parlevliel. 1992. Leafage-related panial resistance 10 
Pyr;cu/aria oryzae in tropical lowland rice cultivars as measured by the number of 
sprouting lesions. Phytopathology 82: 1414-1417. 

Roundhill, S.L B.A Fineran, AL.l Cole and M . Ingerfeld 1995. Structural aspects of 
ascochyta blight oflentii. Canadian Journal of Botany 73 485-497 

Sandhu, T. S. 1972. New sources of resistance to gram blight disease, Madras Agriculture 
Journal 59: 4 1. 

Sandhu, 1.S ., 1-1 S Ilrar and M.M Verma. 1990. Inheritance of a plant lype mutant and ils 
utilization in chickpea. Journal of Heredity 48(2): 111 - 1 12. 

Sattar. A 1933. On the occurrence, perpetuation, and control of gram {CicCI' one/111111ll L. 
Blight caused by Ascochyla rabie; (pass) Labrousse, with special reference to Indian 
conditions. Annals of Applied Biology 20: 612-632. 

Sattar, A. 1934. A comparative study of the fungi associated with blight diseases of certain 
cultivated leguminous plants. Transaction of the British Mycological Society 18 
276-301. 

Satyavir, S. and lS. Grewal 1974. Evaluation of fungicides for the control gram blight. 
Indian Phytopathoi. 27: 641-643. 

Saxena, M.C. and K.B. Singh (eds.). 1987. The Chickpea. International Centre for 
Agricultural Research in the Dry Areas. CAB Int ., Wallingford, Oxon. 

Scharif, G., E. Niemann and M. Chanea. 1967. Chickpea blight in Iran. Entromologies 
Phytopathology Appl ication 25: 9- 15. 

1;'1 



Shane, W.W. 1987. Use of principle component analysis and cluster ana lysIs in crop loss 
assessment. Pages139-149 in Crop Loss Assessment and Pest Management (P.S. 
Ten!$, ed) American Phytopathological Society, St Paul , Minnesota. USA 

Shukla, K El, GC. Hawlin, Y.L. Nene and M.V. Reddy. 1984 Screen1llg of chid.pea 
gemlplasm against Ascochyta blight International Chickpea Ncwslcltcr No 
11:28-29. 

Simon, G 1982. PalllO£cnicity of isolatcs of A.w'(J(:/~I,1tI fahu'l. hllcrnaliOllal ChicJ..pca 
Newsletter. 7: 16. 

Sing, G 1978. Screening of genetic stock of gram against blight. Indian Journal of 
Mycolo!\yand Plant Pathology 8: 124. 

Singh, G., K. Singh and S. Kapoor. 1982. Screening for sources of resi stance to 
Ascochyta blight of chickpea. International Chickpea Ne lt'slelfer 6~ 15- 17. 

Singh, G. , K. Singh and S. Kapoor. 1986. Gram lines with high degree of blight 
resistance to pod infection. Indian 1. mycol. PI. Pathol.. 16: 197-198. 

Singh, G. 1987. Variability in Ascochyla rabiei (Pass.) Lab., the causal agents of 
chickpea blight. M.Sc. thesis, Punjab Agricultura1 University, Ludhiana. Indian 

Singh, G. G. Singh and L, Kumar. 1988. Chickpea response [ 0 various races of 
A,\'cochyta rabid. l eN 19: 10-13 . 

Singh. G. 1990. Identification and diagnosis of physiologic races of A.\'c(J(:ltylll wIlli:, in 
India. Singh, G., L. Kaur and YR. Sharma. 1992. Ascochyta blight and gery mould 
resistance in wild species ofCicer. Crops Improvement 18: 150-15 1 

Singh. K.B., a .c. Hawtin. Y.L. Nene and M.V. Reddy. 1981. Resistance in chickpea to 
AscociJyJa rabid. Plant Disease 65: 586·587. 

Singh. K.B. , M.V. Reddy and Y.L. Nene. 1984. International screening of chickpea for 
resistance to Ascochyta blight. In: Ascochyta Blight and Winter Sowing of 
Chickpea. Processing of the workshop held at ICARDA, 4-7 May 1984. Saxena. 
M.G. and K.B. Singh (eds.). The Netherlands: Martinus Nijhof17Dr W. Junk. 67-88. 

Singh. K.B. and MY Reddy. 1989. Genetic of resistance to ascochyta blight in fOllr 
chickpea lines. Crop Sci. 29: 657-659. 

Singh, K.B. and M. V. Reddy. 1990. Patterns of resistance and susceptibility to races of 
Ascochyfo rabiei among gennplasm accessions and breeding lines of chickpea. Plant 
Disease 74: 127- 12. 

132 



Singh, K.B. and M V. Reddy 199 1. Advances in disease re~iMH"cc breeding in chld.pca 
Advances in Agronomy 45: 19 1-222. 

Singh, K B, M V Reddy and M.P. Hawarc. J 992. Breeding for reSistance t() ascuchyta 
blight in chickpea In' Disease Resistance Breeding in Chickpea SUlgh, KB ,Ina 
Saxena. MC (eds) pp 23·54 ICARDA, Aleppo. Syria 

SmSh, K.B. and M.V. Reedy. 1993a. Resistance to six ru~ or Asrochyta rabiel in the 
world germplasm collection of chickpea. Crops Science 33 186-189 

Singh. K.B. and MV Reddy. J993b. Susceptibility of .he chickpea planls to ascochyta 
blight at different stages of crop growth. Phytopalhologia Mcitcrranca 32: 153- 155. 

Singh, M. 1985. Studies on Ascochyta blight of gram. M.Sc thesis, PUI~ab Agricultural 
University, Ludhiana, Indian. 

Sneath, P.H.A and RR. Sokal. 1973. Numerical Taxonomy: The Principles and Practice of 
Numerical Classification. W.F. Freeman & Co., San Francisco, 573 p. 

Soho, M.S. and K.B. Singh. 1972. G-130 is a new Bengal gram variety for Punjab, Indian 
Farming 22: 27·28. 

Solei, Z. and 1. Kostrinski . 1964. The control of Ascochyta anthracnose of chickpea. 
Phytopathiogja Mediterranea 3: 119·120. 

Sutton. B.C. 1980. The Coelmycetes KWE, England: Commonwealth Mycological Institute. 

Suzuki, F. and S. Konno. 1982. Regional report on Grain Legumes Production in Asia 
Tokyo Japan Asian Product ivity Org., pp 19-93 

Tanksley, S.D. 1983. Molecular markers in plant breeding Plant Mol Bioi Report I ] -
8. 

Tewari, S.K. and M.P. Pandey. 1986. Genetics of resistance 10 ascochyta blight in chickpea 
(Cicer lIriC!liml111 I ... ) Eupytica 35: 211-21 5. 

Thakare, R.G. , 1 D. Gadgi l and R. Mitra. 1987. Origin and evolution of seed protein 
genes in Vigna I1Jllngo and V. radiaf{l. In: Mungbean, Proceed. lind Inter. 
Mungbean Symp., 16·20 November 1987. Bangkok. Thailand. p. 47·52. 

Trapero-Casas, A. , W.J. Kaiser. RM. Jimenez-Diaz and J A Nava-Cortes. 1988. Survival 
and phonology of pscudothecia development of Myc(J."phaerella rahiei in chickpea 
debris. Fifth Intemational Congress of Plant Pathology, 20-27 August 1988. Koyo.o, 
Japan. p 123. 

Trapero-Casas, A and W J Kaiser. 1992. Development of Didymella rahill;, the tcleoillorph 
of A.'Icochyfa rahici , on chickpea straw, Phytpathology 82'. \ 261- 1266 



Trapero-Casas. A. and W J Kaiser 1992 Influence of tempel atUle, wctllQ!> period, plant 
age. and inoculum concentration on infection and development of tlscochYln blight 
or chic. pc. I'hylopalhology 82. 596. 

TripSlhl. II S, 1<)1$5, Studlcs on Ascochytn blight of ChlCkpc3 Ph D Ihest .... CiHlIA&T 
Pantnagar, India, PI' 142 

Tripathi. 11.5 .• ItS Singh and 11.5 Chaube. 1988. Survival of A.\{:(J(:/~)'Il/ rahfcl in infected 
chickpea seeds stored al different temperatures Indian J Mycol PI Pat hoi 17 CJR-
99. 

Udu pa, S.M, F. Weigand, M.C. Saxena and G. Kahl. 1998. Gcnotyping wilh RAPD and 
microsateJljte markers resolves pathotype diversity in the ascochyta blight pathogen 
of chickpea. Theor Appl. Genet. 97:299-307. 

Van der Maesen, L.J.G. 1987. Origin, history and taxonomy of chickpea. In: The 
chickpea. Saxena. M.C. and K.B. Singh (cds.) CAB Int., London 409 PI' 

Vavilov, N. J. 1949. The origin, variation, imrnunjty and breeding of cultivaled plants. 
Chronica BOlanica, \3 (I): 26-38. 

Vedysheva, R.G. 1965. Devising a method of testing ascochyta resistance in chickpea (in 
Russian). [turdy Prikle, BOI, Genet Selektsii. 12: 109-1 I I 

Vedysheva. R.G. 1966 lnfection of chickpea with Ascochyta raM:t (In Russian) 
TudyPrickJe, Bol B EneL Selektsii. 32. 275-281 

Vedysheva, R G, [972 Tesling fonns in lbe chickpea colicclions for resislance In ascochyla 
blighl (in Russian) Trudy Prikle, Bot Genet. Selektsii. 46· 197-204 

Vem1a, MM., G. Singh, T S. Sandhu,H. Singh, S. Sandhu, K. Singh and F. Bhullar. 1981. 
Sources of resistane to gram blight and grey mold. Internal. Chickpea Newsletter. 4; 
14-16. 

Venna, M.M., J.S Sandhu. P.S. Brar, H.S. Sandhu. S.S Gill, AS. Brar, GS. Sing. 13. 
Singh. R.K. Gomber, R.S. Bhattia and J.S . Sandhu. 1987. AICPIP annual progress 
reports on Rabi pluses 1986-1987. Planl Breeding, PAU, Ludhiana, India, pp 76. 

Vir. S. and J.S. Grewal. 1974. Physiological specialization in A.~'(I(.:h)'l(I mhl(!/, the caus.'ll 
agenl of gram blighls. [ndian Phylopathology 27: 355-360. 

V ishunavat, K., V.K. Agarwal and R.S. Singh. 1985. Location of Asc:oc:hyta rahiel in gram 
seeds. Indian I'hylopalhol. 38: 177-379. 

Weltzein, H.C. and 1-1.1. Kaak. 1984. Epiderruological aspects of chickpea Ascochyta blight. 
In: Ascochyla blight and winter sowing of chickpea. Saxena MC, Singh KB, (eds), 
The I-lague, The Netherlands: Martinus Nujhotf pp 35-44. 



Wislon, A.D. and W.l Kaiser. 1995. CytolOb'Y and genetics of sexual incompatibility 111 

Didymella rabie. Mycologia 87: 795-804. 

Zachos, D.G. 1952. A case of parasitism of chickpea {('ic:a anelillllm L.) seeds by 
SlemphY/llm bol,},osomm Waller (in French). Ann. Insl. Phytopath., Benaki, 6: 60. 

Zachos. D.G., e.G. Panagopulus and S.A. Makris. 1963. Researches on the biology, 
epidemology and the control of anthracnose of chickpea (in French). Annals de I ' 
Institute Phytopatholique Benaki 6: 60-61 

Zalpoor, N. 1963. Mycosphaerella rabiei Kovaceski (A.\·cochyta rabiei) (Pass.) (In Farsi). 
Applied Entomology and Phytopathology, Tehran 21: 10-12. 

Zhelokov, Y. 1973. The biological features of chickpea varieties. (In Russain). Referativnyi 
Nahuma! 55: 479. 



~ 0 0 



Appendix I: Prevalence, incidence and severity of Ascochyta blight of chickpea in major 
chickpea growing areas of Punjab and NWFP of Pakistan 

District Locality/ Area Number Disease Disease Disease 
of farms prevalence incidence severity 
surveyed (%) (%) (1-9) 

rating 
1 2 3 4 5 6 
Rawalpindi Jatli 3 100 

1 96 7 
2 94 7 
3 90 5 
Doltala 4 100 
1 90 9 
2 96 7 
3 86 7 
4 98 9 
Tarnol 3 100 
1 96 9 
2 90 7 
3 80 7 

Sialkot Sahowali 4 100 
1 90 7 
2 96 9 
3 84 6 
4 98 9 
Chowinda 5 100 
1 80 7 
2 86 7 
3 50 5 
4 50 3 
5 98 9 

Norowal Zafarwal 3 100 
1 96 9 
2 92 7 
3 90 7 
Darman 5 100 
1 94 8 
2 92 7 
3 98 9 
4 90 7 
5 80 5 
Chak arnru 3 100 
1 98 9 
2 90 7 
3 90 7 
Nainakot 4 100 



1 2 3 4 5 6 
1 84 5 
2 80 5 
3 90 7 
4 60 3 
Manso 0 rwali 2 100 
1 90 7 
2 96 9 

Attock GRS, Attock 5 100 
1 76 5 
2 90 9 
3 72 6 
4 80 7 
5 88 9 
Jand 7 100 
1 82 7 
2 94 9 
3 70 6 
4 84 7 
5 78 7 
6 88 8 
7 80 
Fatehjang 9 100 
1 52 3 
2 80 8 
3 86 9 
4 72 7 
5 40 3 
6 74 6 
7 84 8 
8 76 6 
9 70 5 
Nara 5 100 
1 80 7 
2 86 7 
3 84 7 
4 88 9 
5 90 9 
Bahtar 5 100 
1 80 7 
2 74 6 
3 82 8 
4 70 5 
5 46 3 
Hasanabdal 4 100 
-1 52 3 

1~7 



1 2 3 4 5 6 
2 80 7 
3 78 7 
4 74 5 
Pindigheb 6 100 
1 80 7 
2 70 6 
3 64 5 
4 40 3 
5 60 7 
6 78 7 

Chakwal Thoa 5 80 
1 86 7 
2 60 5 
3 72 6 
4 64 5 
5 0 1 
Dhudial 6 83.3 
1 90 7 
2 66 5 
3 70 7 
4 70 5 
5 64 6 
6 0 1 
Bhaun 6 100 
1 94 9 
2 90 9 
3 80 7 
4 60 3 
5 70 7 
6 62 5 
Balkasar 5 100 
1 90 7 
2 98 7 
3 92 7 
4 86 5 
5 80 5 
Rupowal 5 80 
1 0 1 
2 68 7 
3 60 5 
4 74 6 
5 80 8 

Mianwali Harnoli 3 66.7 
1 0 1 
2 60 5 



1 2 3 4 5 6 
3 72 7 
Wanbhachran 6 66.7 
1 70 6 
2 60 5 
3 68 5 
4 56 3 
5 0 1 
6 0 1 
Chashma 7 71.4 
1 60 5 
2 0 1 
3 68 7 
4 70 6 
5 62 5 
Dab 3 100 
1 70 7 
2 76 5 
3 50 3 

Khushab Rangpur 8 37.5 
1 40 5 
2 28 3 
3 0 1 
4 30 3 
5 36 4 
6 48 5 
7 0 1 
8 0 1 
Nurpur 9 38.9 
1 0 1 
2 46 5 
3 38 5 
4 0 1 
5 24 3 
6 0 1 
7 0 1 
8 32 3 
9 0 1 
Adhikot 11 33.4 
1 0 1 

2 0 1 
3 32 5 
4 0 1 
5 36 3 

6 24 3 
7 0 1 



1 2 3 4 5 6 
8 0 1 
9 40 5 
10 0 
11 0 
Roda 10 45.0 
1 58 5 
2 42 7 
3 0 1 
4 0 1 
5 30 3 
6 0 
7 0 
8 0 1 
9 34 3 
10 0 1 
Girot 11 36.4 
1 24 3 
2 38 5 
3 0 1 
4 0 1 
5 0 1 
6 60 3 
7 0 1 
8 0 1 
9 0 1 
10 44 5 
1 1 0 1 
Hemoka 9 47.1 
1 0 1 
2 30 5 
3 38 3 
4 0 1 
5 40 3 
6 44 4 
7 42 3 
8 0 1 
9 0 1 
Mithatiwana 5 40 
1 0 1 

2 0 1 
3 50 3 
4 46 5 
5 0 1 
Ukhlimola 7 46.2 
1 0 



1 2 3 4 5 6 
2 50 3 
3 58 5 
4 65 3 
5 0 1 
6 0 1 
7 30 3 

Bhakhar AZRl, Bhakkar 8 26.7 
1 40 3 
2 48 3 
3 0 1 
4 0 I 
5 0 1 
6 0 1 
7 0 1 
8 (). I 
Kallurkot 12 38.1 
I 52 3 
2 48 

.., 
.) 

3 70 3 
4 50 5 
5 60 4 
6 0 1 
7 0 I 
8 0 
9 0 
10 0 
11 0 
12 0 
Basti sha alam 9 
1 0 1 
2 30 3 
3 0 1 
4 0 1 
5 20 

.., 

.) 

6 38 3 

7 0 
8 0 
9 0 
Punaj garan 10 35.0 
1 40 3 

2 44 3 

3 0 1 

4 0 1 
5 26 3 

6 0 1 
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1 2 3 4 5 6 
7 0 1 
8 0 I 
9 34 1 
10 0 I 
Daryakban 9 33.4 
1 38 3 
2 0 1 
3 0 1 
4 0 I 
5 0 1 
6 28 2 
7 32 3 
8 0 1 
9 0 1 
Mankera 12 16.7 
1 20 3 
2 16 2 
3 0 1 
4 0 1 
5 0 1 
6 0 I 
7 0 1 
8 0 1 
9 0 1 
10 0 I 
11 0 1 
12 0 1 
Dullewala 10 20.0 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 28 3 
7 18 2 
8 0 1 
9 0 1 
10 0 1 
Goharwala 11 20.0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 



1 2 3 4 5 6 
7 0 1 
8 0 1 
9 0 1 
10 22 3 
11 16 2 
Nawan landawala 9 22.2 
1 18 3 
2 0 1 
3 24 3 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 0 1 
9 0 1 

Leiah Kharewala 6 16.7 
1 0 1 
2 22 3 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
Karor 7 28.6 
1 0 1 
2 0 1 
3 0 1 
4 30 3 
5 26 3 
6 0 1 
7 0 1 
Kot Sultan 7 14.3 
1 14 3 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
Chaubara 10 20 
1 18 3 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 20 3 



1 2 3 4 5 6 
7 0 1 
8 0 1 
9 0 1 
10 0 1 
NawanKot 11 0.00 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 0 1 
9 0 1 
10 0 1 
11 0 1 
Fatepur 12 0.00 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 0 1 
9 0 1 
10 0 1 
11 0 1 
12 

Jang Trimun 3 0.00 
1 0 1 
2 0 1 
3 0 1 
Atharan Hazari 7 14.3 
1 22 3 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 

Sanayasi wala 6 0.00 
1 0 1 
2 0 1 
3 0 1 



1 2 3 4 5 6 
4 0 1 
5 0 1 
6 0 1 
Ueh 7 0.00 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
Dager 8 25.0 
1 12 3 
2 28 3 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 0 1 
Daultana 6 16.7 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 24 3 
6 0 1 

0.1. Khan D.1. Khan 5 20.0 
1 32 3 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
Akal Ghar 4 25.0 
1 0 1 
2 20 3 
3 0 1 
4 0 1 
Kafir kot 6 16.7 
1 24 3 
2 0 1 
3 0 1 
4 0 1 
5 0 1 
6 0 1 



1 2 3 4 5 6 
Kotjai 7 28.6 
1 20 3 
2 28 3 
3 0 1 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
Saggu 5 20.0 
1 0 1 
2 0 1 
3 0 1 
4 0 1 
5 20 3 
Yarik 3 0.0 
1 0 
2 0 
3 0 

Dannu Sara-e-Ghambila 5 40.0 
1 38 3 
2 0 1 
3 0 1 
4 10 2 
5 0 1 
Sara-e-Norang 7 28.75 
1 0 1 
2 12 3 
3 16 3 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
Ghori wala 4 25.0 
1 0 1 
2 12 3 
3 0 1 
4 0 1 
Dorneli 2 0.0 
1 0 1 
2 0 1 

Lakki Marwat Lakki 4 25.0 
1 0 1 
2 24 3 
3 0 1 
4 0 1 
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1 2 3 4 5 6 
Pezu 2 0.0 
1 0 
2 0 
Shehbaz khel 2 100 
1 100 5 
2 50 3 
Aba khel 4 50.0 
1 0 1 
2 0 1 
3 40 5 
4 20 3 
Isa khan 5 40.0 
1 40 3 
2 0 1 
3 18 3 
4 0 1 
5 0 1 

Karak Karak 4 75.0 
1 0 1 
2 90 9 
3 62 5 
4 78 7 
Bahadar khel 3 100 
1 90 9 
2 98 7 
3 84 7 
Ahmad wala 6 100 
1 100 9 
2 56 5 
3 80 7 
4 60 6 
5 64 6 
6 70 7 
Banda daud shah 2 100 
1 74 7 
2 92 9 
Lachi 2 50.0 
1 0 1 
2 56 5 
Shanwala 4 75.0 
1 70 7 
2 60 4 
3 30 3 
4 0 1 
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Appendix II: Effect of inoculum level (concentration of spores per ml) on 
disease development. 

Cultivars Disease rating 

50,000 100,000 150,000 200,000 
spores/m1 spores/m1 spores/ml spores/ml 

C-727 4.6 de 6.2 c 6.4 c 9.0 a 

ILC-263 6.0 c 6.8 c 7.8 b 9.0 a 

Punjab-91 4.4 de 7.8 b 8.6 ab 8.6 ab 

Dash 3.4 fg 4.2 def 4.8 de 5.0 d 

Parbat 3.2 g 3.8 efg 5.0 d 5.0 d 

• Figures having the same letters are non-significant at 5% level of probability. 

14. 



Appendix III: Response of chickpea genotypes to blight at different growth stages 

Growth stages Variety "C-727" Variety "Punjab-91 " 

2-Weeks 9.0 a 7.5 b 

4-Weeks 8.5 a 6.5 c 

6-Weeks 7.2 b 5.7 de 

8-Weeks 6.2 cd 5.5 ef 

lO-Weeks 5.6 de 5.0 fg 

4.112-Weeks 4.9 g 4.1 h 

* Figures having the same letters are non-significant at 5% level of probability. 



Appendix IV: Pathogenic variability of various isolates of Ascochyta rab;e;. 

S.No ISOLATE DIFFERNTIAL OF CULTIV ARS 

C-727 ILC- C-44 CM-72 Piadar- Noor-91 Punjab-
263 91 91 

I KB-I 7.8 6.8 8.4 9.0 8.0 7.3 7.4 
2 BR-4 6.5 5.4 5.6 6.5 5.0 5.3 4.6 
3 BR-3 7.5 6.1 6.2 5.8 6.2 6.6 5.7 
4 LY-4 8.0 7.5 8.3 8.1 7.1 6.1 7.0 
5 KT-2 4.9 6.2 7.6 4.0 3.5 3.1 3.0 
6 MN-4 8.0 7.5 6.9 7.1 6.9 5.8 5.9 
7 KT-I 8.5 6.9 8.7 8.6 7.4 6.7 7.4 
8 MN-5 7.2 6.4 6.6 6.3 5.9 4.6 4.8 
9 LY-2 7.7 7.0 8.4 7.6 6.9 6.0 6.1 
10 AT-I 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
II BR-5 4.5 4.5 5.1 5.0 3.5 3.5 4.1 
12 BR-2 7.5 7.4 8.2 8.7 7.6 5.0 5.1 
13 KK-2 9.0 7.0 8.5 7.8 6.5 7.5 8.2 
14 IN-2 3.8 7.0 5.0 3.6 3.1 3.8 4.8 
15 KB-3 6.3 7.2 7.0 6.8 5.9 6.7 5.4 
16 NC-3 9.0 8.0 9.0 9.0 8.0 8.0 9.0 
17 NC-I 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
18 BN-2 5.4 5.4 6.7 7.1 4.2 4.1 5.4 
19 01-2 9.0 7.5 8.0 7.3 5.1 6.1 5.6 
20 LY-3 8.2 5.6 9.0 8.0 6.0 6.4 5.7 
21 NC-2 9.0 9.0 9.0 9.0 7.0 9.0 9.0 
22 AT-2 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
23 BN-I 9.0 7.3 8.8 8.7 4.5 6.3 7.0 
24 KB-2 8.7 6.9 9.0 9.0 6.5 6.8 6.8 
25 KN-I 8.2 8.6 9.0 9.0 9.0 7.9 6.3 
26 MN-3 8.4 7.5 9.0 8,9 7.3 7.3 6.3 
27 01-1 9.0 9.0 8.6 7.7 5.6 5.3 6.4 
28 BR-I 7.8 7.9 7.7 7.3 6.9 6.6 7.5 
29 FD-2 8.6 7.5 7.3 7.2 6.5 6.5 6.9 
30 CL-2 8.5 9.0 9.0 9.0 9.0 7.8 9.0 
31 MN-I 9.0 9.0 9.0 9.0 7.0 7.0 9.0 
32 ST-I 9.0 9.0 9.0 9.0 7.0 8.0 9.0 
33 AT-3 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
34 IN-I 9.0 9.0 9.0 7.0 5.3 6.0 6.6 
35 ST-2 9.0 9.0 9.0 7.0 7.0 8.0 8.0 
36 AT-5 9.0 8.8 9.0 8.6 7.0 8.3 8.0 
37 AT-4 9.0 9.0 9.0 9.0 7.4 9.0 9.0 
38 MN-2 9.0 9.0 9.0 8.0 7.0 7.0 9.0 
39 FD-I 9.0 8.4 8.9 7.3 6.3 6.7 6.7 
40 CL-I 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
41 KK-I 7.8 8.0 9.0 9.0 8.5 8.0 8.8 
42 CL-3 8.3 5.7 9.0 9.0 9.0 8.5 9.0 



Appendix-V: Screening of chickpea germplasm during 1994 

S.No Variety Source Seedlings Vegetable Podding 
1 2 3 4 5 6 
1 93001 NIAB 9 9 9 
2 93002 NIAB 9 7 9 
3 93003 NIAB 9 7 9 
4 93004 NIAB 9 7 9 
5 93005 NIAB 9 9 9 
6 93006 NIAB 9 5 7 
7 93007 NIAB 9 6 9 
8 93008 NIAB 9 7 9 
9 93009 NIAB 9 9 9 
10 93010 NIAB 9 7 9 
11 93011 NIAB 9 5 9 
12 93012 NIAB 9 4 8 
13 93013 NIAB 9 5 7 
14 93014 NIAB 9 5 8 
15 93015 NIAB 9 9 9 
16 93016 NIAB 9 7 9 
17 93017 NIAB 9 7 9 
18 93018 NIAB 9 6 8 
19 93019 NIAB 9 5 8 
20 93020 . NIAB 9 6 8 
21 93021 NIAB 9 7 9 
22 93022 NIAB 9 5 8 
23 93023 NIAB 9 4 8 
24 93024 NIAB 9 5 7 
25 93025 NIAB 9 6 8 
26 93026 NIAB 9 5 8 
27 93027 NIAB 5 3 6 
28 93028 NIAB 9 5 7 
29 93029 NIAB 9 5 7 
30 93030 NIAB 9 7 9 
31 93031 NIAB 9 8 9 
32 93032 NIAB 9 7 9 
33 93033 NIAB 9 9 9 
34 93034 NIAB 9 9 9 
35 93035 NIAB 9 5 8 
36 93036 NIAB 9 5 9 
37 93037 NIAB 9 6 9 
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I 2 3 ~ 5 6 
38 93038 NIAB 9 6 9 
39 93039 NIAB 9 7 9 
40 93040 NIAB 9 7 9 
41 93041 NIAB 9 6 9 
42 93042 NIAB 9 5 7 
43 93043 NIAB 9 6 8 
44 93044 NlAB 9 6 8 
45 93045 NIAB 9 6 8 
46 93046 NIAB 9 7 9 
47 93047 NIAB 9 7 8 
48 93048 NIAB 9 6 8 
49 93049 NIAB 9 6 9 
50 93050 NIAB 9 6 9 
51 93051 NlAB 9 6 8 
52 93052 NIAB 9 5 7 
53 93053 NIAB 9 4 7 
54 93054 NIAB 9 4 7 
55 93055 NIAB 9 6 8 
56 93056 NIAB 9 9 9 
57 93057 NIAB 9 9 9 
58 93058 NIAB 9 7 9 
59 93059 NIAB 9 6 9 
60 93060 NIAB 9 9 9 
61 93061 NIAB 9 9 9 

62 93062 NIAB 9 6 9 
63 93063 NlAB 9 6 9 
64 93064 NIAB 9 6 9 
65 93065 NlAB 9 6 9 
66 93066 NlAB 9 7 9 
67 93067 NIAB 9 5 7 
68 93068 NlAB 9 9 9 
69 93069 NlAB 5 3 5 
70 93070 NIAB 9 5 7 
71 93071 NJAB 9 7 9 
72 93072 NJAB 9 7 9 

73 93073 NJAB 9 6 9 

74 93074 NIAB 9 5 9 

75 93075 NIAB 9 7 9 
76 93076 NlAB 7 5 8 



1 2 3 4 5 6 

77 93077 NIAB 9 5 8 
78 93078 NIAB 9 7 9 

79 93005A AARI 9 R 9 
80 9301lA MRI I) 7 ? 
8 1 93012A MRI 9 7 9 
82 93016A AARI 9 8 I) 

83 93020A MRI I) 8 9 
84 93045A MRI 9 7 9 
85 93050A MRI 9 7 9 
86 9305 1A MRI 9 7 I) 

87 93058A MRI 9 8 9 
88 93066A MRI 9 7 9 

89 93069A MRI 9 6 8 
90 93072A MRI 9 7 8 
9 1 93081 MRI 9 7 8 

92 93098 MRI 9 7 8 
93 93 105 AARI 9 9 9 
94 93110 MRI I) 9 I) 

95 93115 MRI 9 5 8 
96 931 17 MRI 9 7 9 

97 93118 MRI 9 9 9 

98 93120 MRI 9 8 9 

99 93127 MRI 9 7 9 
100 93 137 MRI 9 5 9 

101 93139 MRI 9 8 9 

102 93140 MRI 9 6 9 

103 93149 MRI 9 6 9 

104 93152 AARI 9 7 9 

105 93 153 MRI 9 6 9 

106 93 158 AARI 9 7 9 

107 93 159 AARI 9 8 9 

108 86160 AARI 9 7 9 

109 86205 MRI 6 3 5 

110 93 164 AARI 7 3 5 

III 93 165 AARI 9 7 9 

11 2 93 166 AARI 9 8 9 

11 3 93168 AARI 9 8 9 

11 4 93183 MRI 9 5 9 

11 5 93 184 AARI 9 6 9 



I 2 3 4 5 6 
116 93188 AARl 9 6 9 
117 93190 AARl 9 7 9 
11 8 93 197 AARl 9 7 9 
11 9 93200 AARl 9 8 9 
120 93280 AARl 9 6 9 
121 93291 MRJ 9 5 8 
122 93293 AARl 9 9 9 
123 93297 AARl 9 9 9 
124 93300 AARl 9 8 9 
125 93303 AARl 9 7 9 
126 93306 AARl 9 7 9 
127 93314 AARl 9 5 7 
128 93321 AARl 9 5 8 
129 93325 AARl 9 7 9 
\30 86135 AARl 9 7 8 
\31 93334 AARl 9 9 9 
132 93339 AARl 9 9 8 
\33 93345 AARl 9 7 8 
134 93346 AARl 9 6 8 
135 93348 AARl 9 7 9 
136 93362 AARl 9 7 9 
\37 93363 AARl 9 7 9 
\38 93365 AARl 9 7 9 
\39 93366 AARl 9 7 9 
140 93368 AARl 9 8 9 
141 93205 AARl 6 3 5 
142 93369 AARl 9 9 9 
143 93372 AARl 9 5 7 
144 93380 AARl 9 5 8 
145 93386 AARl 9 6 9 
146 93390 AARl 9 9 9 
147 93401 AARl 9 5 7 
148 93402 AARl 9 7 9 
149 93403 AARJ 9 6 7 
ISO 93405 AARl 9 7 8 
151 93409 AARl 9 9 9 
152 93410 AARl 9 8 9 

153 93411 AARl 9 8 9 
154 88173K AARl 9 7 9 



1 2 3 4 5 6 
155 88193K AARI 9 8 9 
156 88194K AARI 9 7 9 
157 89169K AARI 9 6 8 
158 89171K AARI 9 4 (, 

159 89174K AARI 9 6 8 
160 89178K AARI 9 5 7 
161 89181K AARI 9 6 8 
162 86135K AARI 'I 8 9 

163 89182K AARI 9 7 9 
164 90368K AARI 9 6 8 
165 90369K AARI 9 6 8 
166 90372K AARI 9 7 9 

167 90373K AARI 9 6 9 
168 90374K AARI 9 5 7 

169 90377K AARI 9 5 7 

170 90378K AARI 9 5 7 

171 90385K AARI 9 5 7 

172 90386K AARI 9 5 8 

173 86205K AARI 6 3 5 
174 90388K AARI 9 6 8 

175 90391K AARI 9 9 9 
176 90392K AARI 9 6 8 

177 90394K AARI 9 7 9 

178 90395K AARI 9 7 9 
179 90398K AARI 9 5 7 

180 90399K AARI 9 4 7 
181 90402K AARI 9 5 7 

182 9130lK AARI 9 7 9 
183 91302K AARI 9 6 9 
184 89 11 3 AARI 9 5 7 

185 91304 AARI . 9 5 8 

186 91305K AARI 9 5 9 

187 91306K AARI 9 5 8 

188 9 1307K AARI 9 6 9 

189 91309K AARI 9 5 8 

190 91310K AARI 9 7 9 

191 9131 1K AARI 9 7 9 

192 9 1315K AARI 9 6 9 

193 92001K AARI 9 6 9 
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1 2 3 4 5 6 
194 92003K AARl 7 3 7 
195 86235 AARl 9 7 9 
196 92004K AARl 9 5 8 
197 92005K AARl 9 4 7 
198 92006K AARl 9 5 7 
199 92007K AARI 9 4 7 
200 92009K AARl 9 5 8 
201 920 10K AARl 9 7 9 
202 9201lK AARl 9 9 9 
203 92012K AARl 9 4 7 

204 920 16K AARl 9 9 9 
205 92027K AARI 9 9 9 

206 FLIP 84-87C lCARDA 7 7 9 

207 FLIP 84-92C ICARDA 8 5 7 

208 FLIP 88-85C ICARDA 5 5 7 

209 FUP 90-56C ICARDA 7 5 7 

210 FLIP 90-11 2C lCARDA 5 4 7 

211 FLIP 91-14C ICARDA 7 5 8 

212 FLIP 91 -62C ICARDA 7 4 6 

213 FLIP 92-13C ICARDA 6 7 8 

214 FLIP 92-16C ICARDA 6 6 8 

215 FLIP 92-18C ICARDA 6 7 9 
216 FLIP 92-34C ICARDA 5 5 8 

2 17 FLIP 92-52C ICARDA 5 6 9 

218 FLIP 92-64C ICARDA 4 5 8 

219 FLIP 92-72C ICARDA 5 6 9 

220 FLIP 92-113C ICARDA 5 5 8 

22 1 FLIP 92-133C ICARDA 6 5 9 

222 FLIP 92-151 C ICARDA 5 6 8 

223 FLIP 92-181C ICARDA 7 6 7 

224 FLIP 92- 187C ICARDA 5 5 8 

225 ICC 13555 ICARDA 3 3 5 

226 NARC 9002 ICRlSAT 6 5 8 

227 NARC 9005 ICRlSAT 7 6 8 

228 NARC 9006 ICRlSAT 7 6 9 

229 NARC 9008 ICRlSAT 7 5 8 

230 NARC 9009 ICRlSAT 7 5 7 

231 NARC 9010 ICRlSAT 7 6 8 

232 GL 85086 ICRlSAT 9 8 9 



1 2 3 4 5 6 
233 ICCL 87322 ICRISAT 9 8 9 
234 ICCV 88510 ICRISAT 8 8 9 
235 ICCX 860023-BP-3P ICRISAT 9 9 9 
236 ICCX 860027-BP-9P ICRISAT 7 5 9 
237 ICCX 850622-BH-25H ICRISAT 6 6 8 
238 FLIP 82-52CK ICRISAT 7 6 9 
239 FLIP 83-13CK ICRISAT 7 4 7 
240 ICC 10302K ICRISAT 9 9 9 
241 ICC 1136' ICRISAT 9 9 9 
242 ICC 16331 ICRISAT 8 6 9 
243 ICC 16332 ICRISAT 7 5 7 
244 ICC 16334 ICRISAT 8 6 8 
245 ICC 16343 ICRISAT 9 8 9 
246 ICC 16344 ICRISAT 9 8 9 

247 ICCX 860047-BP-20H ICRISAT 6 4 7 

248 ICCX 830697-10H-BH ICRISAT 9 8 9 
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Appendix VI: Screening of chickpea gemlplasm during 1995 

Sr. No Varicty Source Seedlings Vegetable Podding 
1 2 3 4 5 6 
1 94001 NlAB 9 7 9 

2 94002 NIAB 9 9 9 

3 94003 NIAB 9 9 9 

4 94004 NIAll 9 9 9 
5 94005 NIAB 9 7 9 

6 94006 NIAB 9 9 9 
7 94007 NIAB 9 9 9 
8 94008 NIAB 9 9 9 

9 94009 NIAB 9 7 9 

10 94010 NIAB 9 7 9 

11 94011 NIAB 9 9 9 

12 94012 NIAB 9 7 9 

13 94013 NIAB 9 9 9 

14 94014 NIAB 9 9 9 

15 94015 NIAB 9 9 9 

16 94016 NIAB 9 7 9 

17 94017 NIAB 9 9 9 

18 94018 NIAB 9 9 9 
19 94019 NIAB 9 9 9 

20 94020 NIAB 9 9 9 

21 94021 NIAB 9 9 9 

22 94022 NIAB 9 9 9 

23 94023 NIAB 9 9 9 

24 94024 NIAB 9 9 9 
25 94025 NIAB 9 9 9 

26 94026 NIAB 9 9 9 

27 94027 NIAB 9 9 9 

28 94028 NIAB 9 9 9 

29 94029 NIAB 9 9 9 

30 94030 NIAB 9 9 9 

31 9403 1 NIAB 9 9 9 

32 94032 N IAB 9 9 9 

33 94033 NIAB 9 9 9 

34 94034 NIAB 9 9 9 

35 94035 NIAB 9 9 9 

36 94036 NIAB 9 9 9 

37 94037 NIAB 9 9 9 



1 2 3 4 5 6 
38 94038 NIAB 9 9 9 
39 94039 NIAB 9 7 9 
40 94040 NIAB 9 9 9 
4 1 9404 1 N1AB 9 <) <) 

42 94042 NIAB 9 9 9 
43 94043 NJAB 9 9 9 
44 94044 NIAB 9 9 9 
45 94045 NIAB 9 9 9 
46 94046 NIAB 9 9 9 
47 94047 NIAB 9 6 7 
48 94048 NIAB 9 8 9 
49 94049 NIAB 9 8 9 
50 94050 NIAB 9 9 9 
51 94051 NIAB 9 7 9 

52 94052 NIAB 9 8 9 

53 94053 NIAB 9 9 9 
54 94054 NIAB 9 9 9 

55 94055 NIAB 9 9 9 

56 94056 NIAB 9 9 9 

57 94057 NIAB 9 9 9 

58 94058 NIAB 9 9 9 

59 94059 NIAB 9 9 9 

60 94060 NIAB 9 9 9 

61 94061 NIAB 9 9 9 

62 94062 NIAB 9 9 9 

63 94063 NIAB 9 9 9 

64 94064 NIAB 9 9 9 

65 94065 NlAB 9 9 9 

66 94066 NIAB 9 9 9 

67 94067 NIAB 9 9 9 

68 94068 NIAB 9 9 9 

69 94069 NIAB 9 9 9 

70 94070 NIAB 9 9 9 

71 94071 NIAB 9 9 9 

72 94072 NIAB 9 9 9 

73 94073 N1AB 9 7 9 

74 94074 NIAB 9 9 9 

75 94075 N1AB 9 9 9 

76 94076 NIAB 9 9 9 



1 2 3 4 5 6 
77 94077 NIAB 9 9 9 
78 94078 N1AB 9 9 9 
79 94079 NIAB 9 9 9 
80 94080 NIAB 9 9 9 
81 94081 NIAB 9 9 9 
82 94082 NIAB 9 9 9 
83 94083 NIAB 9 7 9 
84 94084 NIAB 9 8 9 
85 94085 NIAB 9 7 9 

86 94086 NIAB 9 8 9 
87 94087 NIAB 9 7 9 
88 94088 NIAB 9 7 9 

89 94089 NIAB 9 9 9 
90 94090 NIAB 9 9 9 

91 94091 NIAB 9 9 9 

92 94092 NIAB 9 8 9 
93 94093 NIAB 9 9 9 

94 94094 N1AB 9 8 9 

95 94095 NIAB 9 7 9 
96 94096 NIAB 9 9 9 

97 94097 NIAB 9 9 9 

98 94098 NIAB 9 9 9 

99 94099 NIAB 9 9 9 

100 94100 NIAB 9 9 9 

101 94101 NIAB 9 9 9 

102 94102 NIAB 9 9 9 

103 94103 NIAB 9 7 9 

104 94104 NIAB 9 9 9 

105 94105 NIAB 9 7 9 

106 94106 NIAB 9 8 9 

107 94107 NIAB 9 9 9 

108 94108 NIAB 9 8 9 

109 94 109 NIAB 9 8 9 

110 94 11 0 NIAB 9 7 9 

I II 94 111 NIAB 9 9 9 

112 94 112 NIAB 9 9 9 

113 94 11 3 NIAB 9 9 9 

11 4 94114 NIAB 9 6 9 

11 5 9411 5 NIAB 9 6 7 
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1 2 3 4 5 6 
116 94116 NIAB 5 4 7 
117 94117 NIAB 9 7 9 
11 8 94118 NIAB 9 7 9 
119 941 19 NIAB <) 7 9 
120 94120 NIAB 9 8 9 
12 1 9412 1 NIAB 9 8 I) 

122 94122 NIAB 9 7 9 
123 94123 NIAB 9 7 <) 

124 94124 NIAB 9 9 9 
125 94125 NIAB 9 9 9 
126 94126 NIAB 9 8 9 
127 94127 NIAB 9 8 9 

128 94 128 NIAB 9 8 9 
129 94129 NIAB 9 6 8 

130 94130 NIAB 5 5 7 

131 CMN 1-4 NIAB 9 7 9 

132 CMN 1-7 NIAB 9 7 9 

133 CMN5 NIAB 9 7 9 

134 CMN7 NIAB 9 7 9 

135 CMN37 NIAB 9 7 9 

136 CMN 64 NIAB 9 7 9 

137 CMN 122 NIAB 9 9 9 

138 CMN 2-8 NIAB 9 7 9 
139 CMN3-23 NIAB 9 7 9 

140 CMN 15 NIAB 9 7 9 

141 CMN 11 5 NIAB 9 7 9 

142 CMN 426- 1 NIAB 9 7 9 

143 CMN 446-4 NIAB 9 7 9 

144 CMN 447-4 NIAB 9 9 9 

145 CMN 158 NIAB 9 8 9 

146 CMN72 NIAB 9 6 9 

147 CMN35 NIAB 9 7 9 

148 CMN 114 NIAB 9 9 9 

149 CMN 121 NIAB 9 7 9 

150 CMN 144 NIAB 9 7 9 

151 CMN 187 NIAB 9 9 9 

152 CMN 194 NIAB 9 8 9 

153 CMN 662-3 NIAB 9 9 9 

154 CMN 678-6 NIAB 9 9 9 
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155 CMN 730-10 NIAB 9 9 9 
156 CMN 391-9 NIAB 9 9 9 

157 CMN 539-3 NIAB 9 9 9 

158 CMN 560-13-4 NIAB 9 9 9 

159 CMN 692-13-5 NIAB 9 9 9 

160 CMN 884-3-7 NIAB 9 9 9 

161 CMN 998-10 NIAB 9 9 9 

162 CMN 1098~ 113- 13 NIAB 9 9 9 

163 CMN 11 05-13-14 NIAB 9 9 9 

164 CMN 1224-15 NIAB 9 9 9 

165 CMN 1248-13-15 NIAB 9 9 9 

166 NIFA 88 NIAB 3 3 5 

167 ILC 72 I CARDA 5 5 7 

168 ILC 200 I CARDA 5 5 7 

169 ILC 3279 I CARDA 5 5 7 

170 FLIP 84-182C I CARDA 5 4 7 

171 FLIP 88-83C I CARDA 5 5 7 

172 FLIP 89-78C I CARDA 5 5 7 

173 FLIP 90-58C I CARDA 5 5 7 

174 FLIP 90-76C I CARDA 9 7 9 

175 FLIP 90-85C I CARDA 5 4 5 

176 FLIP 91 -8C I CARDA 9 7 9 

177 FLIP 91-23C I CARDA 9 7 9 

178 FLIP 91-52C I CARDA 9 6 9 

179 FLIP 91-150C I CARDA 7 7 9 

180 FLIP 91 -196C ICARDA 5 5 7 

181 FLIP 92-116C ICARDA 7 7 9 

182 FLIP 92-45C I CARDA 7 6 9 

183 FLIP 92-70C I CARDA 5 5 6 

184 FLIP 92~78C I CARDA 5 5 I 7 

185 FLIP 92-96C ICARDA 5 5 7 

186 FLIP 92-132C I CARDA 8 7 9 

187 FLIP 92-139C I CARDA 9 7 9 

188 FLIP 92-152C I CARDA 5 5 7 ,<{, 

189 FLIP 92-155C I CARDA 7 6 9 

190 FLIP 92-159C I CARDA 5 4 7 

191 FLIP 92-1 72C I CARDA 5 5 7 

192 FLIP 92-17 4C ICARDA 7 6 9 

193 FLIP 92-175C I CARDA 7 6 9 
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194 FLIP 92-179C ICARDA 5 4 7 
195 FLIP 92-189C ICARDA 5 5 7 

196 FLIP 92-190C I CARDA 6 5 9 

197 FLIP 92-194C ICARDA 6 5 9 

198 FLIP 93-62C I CARDA 4 3 5 

199 FLIP 93-63C ICARDA ' 7 7 9 

200 FLIP 93-131 C ICARDA 7 7 9 

201 FLIP 93-141C ICARDA 7 7 9 

202 FLIP 93-146C I CARDA 6 5 7 

203 FLIP 93-158C I CARDA 6 5 7 

204 FLIP 93-160C ICARDA 7 6 9 

205 FLIP 93-176C ICARDA 7 6 9 

206 ICC 4475 I CARDA 6 5 7 

207 ICC 13269 I CARDA 5 4 6 

208 ICC 13416 I CARDA 4 3 5 

209 ICC 13508 ICARDA 5 4 7 

210 FLIP 87-505C I CARDA 5 4 5 

211 FLIP 87-506C I CARDA 7 7 9 

21 2 FLIP 87-507C I CARDA 7 7 9 

213 FLIP 87-508C I CARDA 7 7 9 

214 ICC 652 ICRISAT 9 9 9 

215 ICCI136 ICRISAT 9 9 9 

216 ICC1416 ICRISAT 9 8 9 

217 ICC1468 ICRISAT 5 4 7 

218 ICC 3996 ICRISAT 5 4 7 

219 ICC 4018 ICRISAT 9 8 9 

220 ICC 6373 ICRISAT 5 3 5 

221 ICC 8489 ICRISAT 9 9 9 

222 ICC 9800 ICRISAT 7 5 7 

223 ICC 10302 ICRISAT 9 9 9 

224 ICC 15987 ICRISAT 7 5 9 

225 ICC 15988 ICRISAT 9 6 9 

226 ICC 16337 ICRISAT 9 6 9 

227 ICC 16953 ICRISAT 7 5 9 

228 ICC 16954 ICRISAT 9 7 9 

229 ICC 16955 ICRISAT 5 4 7 

230 ICC 15989 ICRISAT 9 7 9 

231 ICC 16956 ICRISAT 9 9 9 

232 Pb-7 ICRISAT 9 9 9 
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Appendix VII: Screening of chickpea germplasm during 1996 

S. No. Variety Source Seedlings Vegetable Podding 
1 2 3 4 5 6 
1 95001 NIAB 9 7 9 
2 95002 NIAB 9 7 9 
3 95003 NIAB 9 8 9 
4 95004 NIAB 9 9 9 
5 95005 NIAB 9 9 9 
6 95006 NIAB . 7 6 9 
7 95007 NIAB 7 6 9 
8 95008 NIAB 7 6 9 
9 95009 NIAB 7 6 9 
10 95010 NIAB 9 8 9 
11 95012 NIAB 9 9 9 
12 9.5013 NIAB 9 9 9 
13 95014 NIAB 9 9 9 

14 95015 NIAB 9 9 9 
15 95016 NIAB 7 5 8 
16 95017 NIAB 7 6 9 
17 95018 NIAB 9 7 9 
18 95019 NIAB 9 7 9 
19 95020 NIAB 9 8 9 

20 95021 NIAB 9 8 9 
21 95022 NIAB 7 6 9 
22 95023 NIAB 7 6 9 
23 95024 NIAB 9 7 9 
24 95025 NIAB 9 7 9 
25 95026 NIAB 9 8 9 
26 95027 NIAB 9 8 9 
27 95028 NIAB 9 8 9 
28 95029 NIAB 7 5 7 
29 95030 NIAB 9 9 9 
30 95031 NIAB 9 9 9 
31 95032 NIAB 9 9 9 

32 95033 NIAB 9 8 9 
33 95034 NIAB 9 8 9 
34 95035 NIAB 9 8 9 

35 95036 NIAB 9 8 9 

36 95037 NIAB 9 9 9 

37 95038 NIAB 9 8 9 
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38 95039 NiAll 9 8 9 
39 95040 NIAB 9 H 9 
40 95041 NIAB 9 8 9 
41 95042 NIAB 9 9 9 
42 95043 NIAB 'I 8 I) 

43 95044 NIAB 9 9 9 
44 95045 NiAll 9 9 9 
45 95046 NIAll 9 9 9 
46 95047 NIAB 9 9 9 
47 95048 NIAB 9 7 9 
48 95049 NIAB 9 7 9 
49 95050 NiAll 9 8 9 
50 95051 NiAll 9 8 9 
51 95052 NIAB 9 9 9 
52 95053 NIAll 9 9 9 
53 95054 NiAll 9 9 9 
54 95055 NIAB 9 9 9 
55 95056 NIAB 9 9 9 
56 95057 NIAB 9 9 9 
57 95058 NIAB I) 8 9 
58 95059 NIAB 9 8 9 
59 95060 NIAB 9 8 9 
60 95061 NIAB 9 8 9 
61 95062 NIAB 9 9 9 
62 95063 NJAB 9 8 9 
63 95064 NIAB 9 7 9 
64 95065 NIAB 9 7 9 
65 95066 NIAB 9 7 9 
66 95067 NIAB 9 9 9 
67 95068 NIAB 9 8 9 
68 95069 NiAll 9 7 9 
69 95070 NIAB 9 7 9 
70 95071 NIAB 9 7 9 
71 95072 NIAB 9 9 9 
72 95073 NIAB 9 7 9 
73 95074 NIAB 7 6 9 
74 95075 NIAB 7 6 9 

75 95076 NI.All 9 9 9 
76 95077 NIAB 9 9 9 
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1 2 
77 95078 
78 95079 
79 95080 
80 95081 
81 95082 
82 95083 
83 95084 
84 95085 
85 95086 
86 95087 
87 95088 
88 95089 
89 95090 
90 95091 
91 95092 
92 95093 
93 95094 
94 95095 
95 95096 
96 95097 
97 95098 
98 95099 
99 95100 
100 95101 
101 95102 
102 95103 
103 95104 
104 95 105 
105 95106 
106 95 107 
107 95 108 
108 95 109 
109 95 1 !O 
110 95111 
II I 951 12 
11 2 95 1 !3 
113 95 11 4 
11 4 95 115 
115 951 16 

3 
NIAB 
NIAB 
NlAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 
NIAB 

, " 

, .. 'J 

4 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

5 6 

9 9 

9 9 
9 9 
9 9 
9 9 
9 9 
7 9 
9 9 

9 9 
9 9 
9 9 

9 9 
9 9 
8 9 
9 9 
8 9 
8 9 
8 9 
8 9 
9 9 

8 9 
9 9 
8 9 

8 9 

9 9 
9 9 
9 9 

5 7 

7 9 

9 9 
8 9 
7 9 
7 9 
7 9 
9 9 
7 9 
7 9 
7 9 
7 9 



1 2 3 ~ 5 6 
116 951 17 NIAB 9 9 9 
11 7 95 118 NIAB 9 7 9 
118 95 11 9 NIAB 7 6 9 
119 95 120 NIAB 7 6 9 
120 95 121 NIAB 7 6 9 
121 95122 NIAB 9 9 9 
122 CMN·5 NIFA 7 6 9 
123 CMN·7 NIFA 7 5 9 
124 CMN· 15 NIFA 7 6 9 
125 CMN-37 NIFA 9 7 9 
126 CMN-64 N IFA 9 9 9 
127 CMN·114 NIFA 9 6 9 
128 CMN·115 NIFA 7 5 9 

129 CMN·121 NIFA 7 5 9 
130 CMN· 122 NlFA 7 6 9 
131 CMN· 158 NIFA 7 6 7 
132 CMN·124 NIFA 7 5 7 

133 CMN·2·8 NIFA 7 5 7 

134 CMN·3·23 NIFA 7 5 7 
135 CMN·4·26 NIFA 7 5 7 

136 CMN· II -61 NIFA 7 5 7 

137 CMN- I- 1/86 NlFA 7 5 7 

138 CMN- I·3/86 N IFA 9 9 9 
139 CMN·220·4 NIFA 9 7 9 

140 CMN-227-3 NIFA 9 9 9 
141 CMN·316·54 NIFA 9 9 9 

142 CMN·336·61 NIFA 9 9 9 

143 CMN·342·56 NIFA 9 9 9 

144 CMN·426·1 NIFA 9 7 9 

145 CMN·446-4 NIFA 9 7 9 

146 CMN·539· 3 NIFA 9 6 9 

147 CMN·560·3·4 NIFA 9 6 9 

148 CMN·662·3 NIFA 9 6 9 

149 CMN-667·4 NIFA 9 7 9 

150 CMN·668·6 NIFA 7 5 7 

151 CMN·668·7 NIFA 7 5 7 

152 CMN· 728· 5 NIFA 7 5 7 

153 CMN·729-2 NIFA 7 5 7 

154 CMN·730-2 NIFA 7 5 7 



1 2 3 4 5 6 
155 CMN-730-10 NIFA 9 6 7 
156 CMN-73 1-4 NlFA 7 4 7 
157 CMN-854 NIFA 7 4 7 
158 CMN-998-10 NIfA ~ 6 9 
159 CMN-I098-13-13 NIFA 7 5 8 
160 CMN-1248-13-15 NIFA 7 5 8 
161 95002K MRI 9 9 9 
162 950 lOA AARI 9 9 9 
163 95011 MRI 9 7 9 
164 950 12A MRI 9 9 9 
165 95013A AARI 9 7 9 
166 950 14A MRI 9 9 9 
167 95018A MRI 9 7 9 
168 9502 1A MRI 9 9 9 
169 95024A MRI 9 9 9 
170 95025A AARI 9 9 9 
171 95032A AARI 9 7 9 

172 95034A MRI 9 9 9 

173 95038A MRI 9 7 9 

174 95040A AARI 9 9 9 

175 95041A AARI 9 7 9 

176 95049A MRI 9 9 9 

177 95051A MRI 9 9 9 

178 95054A MRI 9 9 9 

179 95055A AARI 9 8 9 

180 95057A AARI 9 X 9 

181 Local AARI 9 9 9 

182 95059A AARI 9 7 9 

183 95002A AARI 9 7 9 

184 95003A AARI 9 9 9 

185 95004A AARI 7 5 7 

186 95005A AARI 9 9 9 

187 95006A AARI 9 6 9 

188 95007A AARI 9 6 9 

189 95008A AARI 9 8 9 

190 95009A AARI 9 8 9 

191 9500lA AARI 9 7 9 

192 95015A AARI 9 7 9 

193 95016A AARI 9 7 9 
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I 2 3 ~ 5 6 
194 95017A AARI <) 9 9 
195 95019A AARJ 9 7 9 
196 95020A AARI 9 7 9 
197 95022A AARI 9 7 9 

198 95023A AARI 9 7 9 

199 95024 AARI 9 ') 9 

200 95025 AARI ') 8 9 
201 95026A AARI 9 <) <) 

202 95027A AARI 9 9 9 

203 95028A AARI 9 8 9 
204 95029A AARI <) 7 9 

205 95030A AARI 9 7 9 
206 95031A AARI 9 7 9 

207 95032 AARI 9 7 9 
208 95033A AARI 7 4 7 

209 95034 AARI 9 7 9 

210 95035A AARI 7 4 7 

211 95036A AARI 9 7 9 

212 95037A AARI 7 5 7 

213 95038 AARI 7 4 7 

2 14 95039A AARI 7 5 7 

215 95040 AARI 7 5 7 

216 95041 AARI 7 4 7 

217 95042A AARI 7 4 7 

218 95043A AARI 9 7 9 

219 95044A AARI 9 7 9 
220 95045A AARI 9 7 9 

221 95046A AARI 9 7 9 

222 95047A AARI 9 7 9 

223 95048A AARI 7 4 7 

224 95049 AARI 9 7 9 

225 95050A AARI 9 7 9 

226 95051A AARI 7 5 7 

227 95052A AARI 9 5 7 

228 95053A AARI 9 6 9 

229 95054A AARI 9 7 9 

230 95055A AARI 9 7 9 

231 95056A AARI 9 7 9 

232 95057A AARI 9 6 9 
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233 95058A AARJ 9 9 9 
234 95059A AARJ 9 7 9 
235 95060A AARI 9 7 9 
236 95061A AARI 9 6 ~ 

237 95062A AARJ 9 6 9 
238 95063A AARJ 9 6 9 
239 95064A AARJ 9 7 9 
240 95065A AARJ 7 5 7 
241 95066A AARJ 7 5 7 
242 95067A AARJ 9 7 9 

243 95068A AARJ 9 7 9 
244 95069A AARJ 9 7 9 
245 95070A AARJ 9 7 9 
246 95071A AARJ 9 7 9 

247 95072A AARJ 9 7 9 

248 95073A AARJ 9 7 9 
249 95074A AARJ 9 7 9 

250 95075A AARJ 9 7 9 

25 1 95076A AARJ 9 7 9 

252 95077A AARJ 9 7 9 

253 95078A AARJ 9 6 9 

254 95079A AARJ 9 7 9 

255 95080A AARJ 9 7 9 

256 95081A AARJ () 6 9 

257 95082A AARI 9 6 9 

258 95083A AARJ 9 7 9 

259 95084A AARJ 9 7 9 

260 95085A AARI 9 6 9 

261 95086A AARJ 9 6 9 

262 95087A AARJ 9 6 9 

263 95088A AARJ 9 7 9 

264 95089A AARI 9 7 9 

265 95090A AARI 9 7 9 

266 95091A AARJ 9 7 9 

267 95092A AARJ 9 7 9 

268 95093A AARJ 5 4 5 

269 95094A AARI 9 7 9 

270 95095A AARI 9 7 9 

271 95096A AARI 9 7 9 
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272 95097A AARI 9 7 9 
273 95098A AARJ 9 7 9 
274 95099A AARI 9 7 9 
275 95 100A AARI 9 7 9 
276 9510IA AARI 9 7 9 
277 95 I 02A AARI 9 9 9 
278 95103A AARI 9 7 9 
279 95104A AARI 9 6 9 
280 95105A AARI 7 5 7 

281 95 106A AARI 7 5 7 
282 95107A AARI 7 5 7 
283 FLlP84- 182C ICARDA 5 4 5 
284 FLlP88-83C ICARDA 7 7 9 
285 FLlP89-78C ICARDA 7 6 9 

286 FLlP90-58C ICARDA 7 6 9 
287 FLlP90-76C ICARDA 5 4 5 
288 FLlP90-85C ICARDA 7 6 8 

289 FLlP91-8C ICARDA 7 6 8 

290 FLlP91-23C ICARDA 5 4 7 

291 FLIP91-149C ICARDA 4 4 7 

292 FLIP91-196C ICARDA 5 5 7 

293 FLIP91-219C ICARDA 7 6 7 

294 FLIP92-45C [CARDA 5 4 5 

295 FLIP92-105C [CARDA 5 4 5 

296 FLlP92-142C [CARDA 5 4 5 
297 FLIP92-155C [CARDA 5 4 5 

298 FLIP92- 159C ICARDA 3 3 5 

299 FLlP92-162C [CARDA 5 5 7 

300 FLIP92- 164C [CARDA 5 4 7 

301 FLIP92-172C ICARDA 5 4 7 

302 FLIP92-174C [CARDA 7 6 7 

303 FLIP92-175C [CARDA 5 4 7 

304 FLIP92-179C [CARDA 5 4 7 

305 FLIP92-189C [CARDA 5 5 7 

306 FLIP92- 190C [CARDA 5 4 7 

307 FLIP92-194C [CARDA 7 5 7 

308 FLIP93-106C [CARDA 5 6 9 

309 FLlP93-1 14C [CARDA 5 4 7 

310 FLIP93-128C ICARDA 5 4 7 
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311 FLIP93-130C I CARDA 7 6 9 

312 FLIP93-131 C I CARDA 5 5 7 

313 FLIP93 -146C I CARDA 5 5 7 

314 FLIP93-160C I CARDA 5 4 5 

315 FLIP93-174C I CARDA 5 4 5 

316 FLIP93-175C I CARDA 5 4 5 

317 FLIP93-176C I CARDA 5 4 5 

318 FLIP93-177C I CARDA 5 4 5 

319 FLIP93-181 C I CARDA 5 5 7 

320 FLIP93-186C I CARDA 5 4 7 

321 FLIP94-508C ICARDA 5 3 5 

322 FLIP94-509C I CARDA 5 3 5 

323 FLIP94-510C I CARDA 5 3 5 

324 ICC 3912 ICARDA 5 5 7 

325 ICC 3919 I CARDA 5 3 5 

326 ICC 3991 I CARDA 3 3 5 

327 ICC 12004 I CARDA 5 3 5 

328 ICC 13729 ICARDA 5 3 5 

329 ICC 14903 I CARDA 5 3 5 

330 ILC 263 I CARDA 9 9 9 

331 ICC 801 ICRISAT 7 6 9 

332 ICC 1416 ICRISAT 9 8 9 

333 ICC 7567K ICRISAT 7 4 9 

334 ICC 15976K ICRISAT 9 8 9 

335 ICC 15989K ICRISAT 9 6 9 

336 ICC 15990K ICRISAT 9 7 9 

337 ICC 16954K ICRISAT 7 5 9 

338 ICC 850622-BH-BH-25H- ICRISAT 9 6 9 
BH-BH 

339 ICC 860047BP-BH-25-BP- ICRISAT 7 5 9 

BG 
340 ICC 860678-BP-BH-17H- ICRISAT 9 7 9 

BH-BH 
341 ICC 860692-BP-BH-6H- ICRISAT 9 6 9 

BH-BH 
342 ICC 860693BP-BH-I0H- ICRISAT 9 4 9 

BH-BH 
343 ICC 17000 ICRISAT 9 6 9 

344 ICC 12966K ICRISAT 9 9 9 
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Appendix VIII: Some information about the chickpea varieties included in this study 

Variety 

CM-72 

C-44 

C-727 

Punjab-9l 

NIFA-88 

Dasht 

Parbat 

ILC-263 

Description 

A gamma irradiated mutant of the genotype 6153. It was released in 1983 
and a commercial variety by the Nuclear Institute for Agriculture and 
Biology (NIAB), Faisalabad. At present, it is being widely grown in the 
NWFP and some parts of the Punjab Province of Pakistan. It is a desi type 
having some tolerance to blight. 

Released as a commercial variety by the Ayub Agricultural research 
Institute (AARI), Faisalabad in 1983. It is being widely grown in the ThaI 
(desert) area of the Punjab province where most of the chickpea is grown. 
It is susceptible to iron-chlorosis, has some tolerance to blight, and good 
yield potential. It is a desi type and bold seeded having a good seed 
characteristics. 

A desi type, released in 1963 by AARI as a blight resistant variety but 
later on it lost its resistance most probably due to the prevalence of most 
virulent races. It is still grown by some farmers since it yields well in 
blight free years. 

A desi type variety and released by AARI in 1991. Resistant to blight and 
iron chlorosis, good cooking quality. Wide adoptability under irrigated 
and rainfed conditions. 

Released by Nuclear Institute of Food and Agriculture (NIF A), Peshawar. 
Growth semi erect, seed colour yellowish brown. Early maturity, seed size 
medium. Tolerant to blight and resistant to pod borer. 

Released by National Agricultural Research Centre (NARC), Islamabad 
mainly for potwar area because of good tolerance to blight. Seed size 
bold, broad leaves, seed colour brown. 

Released by NARC also for potwar area because of tolerance to blight. 
Yellowish brown seed coat, seed size bold. Leaves small as compared to 
Dasht. 

Bold seeded, kabuli genotype, highly susceptible to blight. Used as 
spreader/ check in the ICARDA's blight screening nurseries. 


