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Abstract 

A series of experiments were conducted to determine the ability of different chemicals and 
plant extracts to induce resistance in chickpea plant against A. rabiei disease in the 
Department of Plant Pathology, University of Agriculture, Faisalabad, Pakistan. Firstly two 
hundred and seventy seven advanced lines/cultivars of chickpea obtained from various 
International and Indigenous Organizations were screened during the Rabi season 2005-06 
for the source of resistance against chickpea blight disease by artificial inoculation of the 
germplasm with pycniosspore suspension of the pathogen. The screening revealed 02, 38, 39, 
49 and 149 lines/cultivars to be highly resistant (immune), resistant, moderately resistant, 
susceptible and highly susceptible while in the next experiments 49 susceptible 
lines/cultivars were sown for the purpose of induction of resistance in high yielding 
lines/cultivars by comparing their yield potential under disease free and artificially inoculated 
The results revealed that the three chickpea cultivars C-44 with (575 kg h-1), Bittle-98 
(543.75 kg h-1) and Pb-91 (533.50 kg h-1) gave highest yield under disease free as well as 
under artificially inoculated conditions with yield (144.6 kg h-1), (132.8 kg h-1) (111.2 kg h-1) 
of C-44, Bittle-98, and Pb-91 respectively. Upon induction of resistance by chemicals i.e. 
salicylic acid, Bion®, KOH and plant extracts i.e. Azadirachta indica, Datura metel and 
Allium sativum revealed that significant disease reduction (79%) was provided by Bion® in 
the cultivar C-44 at 1.2mM dose rate as compared to salicylic acid, however, the least was 
showed by KOH. Among the plant extracts the maximum disease reduction (43.5%) against 
the disease was observed by the application of Azadirachta indica leaf extract while Datura 
metel and Allium sativum did not prove effective in reducing the disease at the same time this 
resistance was remained persistent for 14 days. The analysis of mineral contents of induced 
un-inoculated and induced inoculated chickpea plants after seven and fourteen days revealed 
there were increased after the induction of resistance but this increase was more significant 
(P ≤ 0.05) upon inoculation with the pathogen after 14th day time interval by the application 
of chemical but it was not significant in case of plant extract expect neem. Only Na content 
was decreased in Bion applied plant in the cultivar C-44 and Pb-98 further more Cu content 
was also decreased in salicylic acid, Bion and neem leaf extract treated plants in the cultivar 
C-44. 
The amino acids contents were also determined of both the induced un-inoculated and 
induced inoculated chickpea plants showed that the quantity of methionine, isolucine, 
tyrosine and phenylalanine content increased after induction and inoculation in three 
cultivars of chickpea and comparatively higher than induced un-inoculated plants. Increase in 
lysine content was more in C-44 upon inoculation in case of Bion and salicylic acid treatment 
but it decreased in Bittle-98. Arginine and aspartic acid contents also increased in all the 
cultivars expect in Bittle-98, however, aspartic acid content increased in case of garlic 
application. Variable response was also shown by threonine content by the application of 
chemicals and inoculation with pathogen in all the cultivars. Serine contents decreased in 
KOH, neem and datura extracts application in Bittle-98. Glutamic acid show variable 
response while proline decreased in C-44 and Bittle-98 after application of garlic extract. 
Glycine content decreased in Bittle-98 otherwise it increased in all the other cultivars. Garlic 
application showed decrease in alanine content in Pb-91 and Bittle-98. 
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Chapter I 

INTRODUCTION 

Gram or Chickpea (Cicer arietinum Linnaeus), a member of family Fabaceae, is an 

ancient self pollinated leguminous crop, diploid annual (2N=16 chromosomes) grown since 

7000BC, in different area of the world (Tekeoglu et al., 2000) but its cultivation is mainly 

concentrated in semi-arid environments (Saxena, 1990). It is ranked 3rd after common bean 

(Phaseolus vulgaris L.) and pea (Pisum sativum L.) and known with different regional names 

like Dzelbana or Hamas (Arabic), Keker (Dutch), Bengal Gram (English), Café Franzais 

(Franch), Kichererbse (German), Garbanzo (Spanish), Cece, Ceci (Roman), Ovetichie harokh 

(Russian), Shimbra, (Ethiopia) Lablabi, (Turkey) and locally ‘chana’. 

Historically the name chickpea dates back to French ‘Chiche’ and to Latin Cicer from 

which Roman Cognomen Cicero was taken but the Oxford English Dictionary lists a 1548 

citation indicate, "Cicer may be named in English Cich, or ciche pease, after the Frenche 

tonge." The original name "Chick-pea" that is printed in English in 1388 was taken directly 

from French as cited by the dictionary in the Mid 18th century (Zohary and Maria, 2000). The 

word garbanzo comes to english as “calvance” from old Spanish due to influence by old 

Spanish garroba or algarroba in the 17th century but the Portuguese scholor doubts this and 

mentioned that possible origination of garbantzu, from Basque a non Indo European toung. 

Chickpea was probably indiscrimminatly grown with grass pea, butter vetch and other 

legumes but Ramanujam (1976) reported the chickpea radiocarbon dated at 5450 BC and 

provided evidence of its cultivation in the Mediterranean basin during 3000-4000 BC. 

The word Cicer is derivative of Greek word Krios referring to the well known Romen 

family name Cicero. Arientinum is also derived from the Latin aries which means ram 

refering to the shape of the seed, which resembles a ram’s head. 

Grain legumes are all members of subfamily Papilionoidae, it belongs to three major 

tribes and chickpea was placed in the tribe Vicieae that includes vetch, lentil and faba bean 

maily due to pollen morphology and vascular anatomy (Taylor and Ford, 2007). Later on the 

tribe Cicereae was subsequently classifed separtely from other members of the Vicieae 

(Kupicha, 1977). There are 43 species so far reported for the genus Cicer, 9 annual 

(including the cultivated Cicer arietinum), 33 perennial and 1 unspecified (van der Maesen 
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1972; Muehlbauer, 1993). Out of these, three species of Cicer, viz C. bijugum, Reck., C. 

echinospermum Davis and C. reticulatum are closely related to chickpea that grow wild in 

nature. The latter species was first described by Ladizinsky (1976) and could also be 

classified as a wild variety or a sub-species of Cicer arietinum L. 

The origin of chickpea is still controversial as postulated by several botanists in 

different geographical origins. De Candolle (1883) vaguely identified that the region between 

the South of the Caucasus and in the North of Persia are the place of possible origin of 

chickpea as this was also supported by van der Maesen, 1972. Vavilov (1926) supported the 

ideas that the South west Asia and the Mediterranean region as the primary centers of origin 

with Ethiopia as the secondary centers. Van der Maesen (1987) suggested that Anatolia in 

Turkey was the area where chickpea was believed to have originated. Archaeological records 

bestow information that the cultivated chickpea was the first grain legume to be domesticated 

in the Old World (van der Maesen, 1987). Harlan (1992) proposed that India and Ethiopia as 

the secondary centers of diversity of cultivated chickpea but Zeven and de Wet (1982) 

contradicted with this idea and suggested different secondary centers of diversity located in 

at least four regions; the Near East Region (consists the Fertile Crescent), Hindustan Region 

(the current Indo and Pak Sub-continent), Central Asian Region with Afghanistan, Western 

Pakistan , Iran and Southern part of former USSR and the Mediterranean Region including 

Lebanon and Palestine.  

The medicinal value of the chickpea is worth mentioning here also the leaves and 

seeds of the chickpea due to the presence of glandular secretions are commonly used as 

medicine. This plant holds a good repute in ‘Ayurvedic’ and ‘Unani’ system of medicine and 

according to Ayurvedic method of treatment, chickpea leaves are sour, astringent to bowels, 

and improve taste and appetite. Moreover, the leaves are used to cure chronic bronchitis and 

the seeds are considered as antibilious, used as tonic, stimulant and aphrodisiac acid is also 

supposed to lower the blood cholesterol level (Duke, 1981). Due to its aphrodisiac properties, 

it is referred as vajibhakshya in Sanskrit (Oudhia, 2003). Chickpea has also the property to 

act as hypocholesteremic agent; germinating chickpea is believed to reduce the blood 

cholesterol level. 
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Chickpea is grown in many tropical, sub-tropical and temperate regions of the world 

and one of the most important pulse crops of Pakistan due to its multiple functions in the 

traditional farming system (Sexena and Singh, 1987). Besides helping in the management of 

soil fertility, particularly in the dry lands, it is an important source of human food and animal 

feed (Suzuki and Konno, 1982). There are two types of gram, one is the ‘Kabuli’ white and 

other is ‘desi’ brown. Kabuli type is grown in temperate regions while the ‘desi’ type 

chickpea is grown in the semi-arid tropics (Malhotra et al., 1987; Muehlbauer and Singh, 

1987). It was grown on an area of 1029 thousand hectares in Pakistan with a yield of 480 kg 

per hectare during 2006. This is very low as compared to many other chickpea growing 

countries like Canada (1270 kg/hec), Mexico (1440), India (808), Ethiopia (1191), Lebanon 

(684), Nepal (827), Myanmar (1000), Turkey (989) and Australia (1091), (According to the 

statistics published by FAO, (2006). 

More than fifty pathogens have, so far been reported on chickpea from different part 

of the world (Nene, 1980 Nene et al., 1989). Only a few have the ability to devastate the crop 

and hamper its over all yield. One of the reasons for low yield of chickpea in Pakistan is the 

damage by various diseases. The most common and devastating diseases of chickpea in 

Pakistan are blight, wilt and root rot/wilt complex (Bashir and Malik, 1988). Blight of 

chickpea caused by Ascochyta rabiei (Pass.) Lab. is considered to be the major limiting 

factor (Haqqani et al., 2000). This disease for the first time was reported in the sub-continent 

(Butler, 1918) in Attock district and later on widely distributed in many countries of the 

South Asia, the Middle East, the Mediterranean region, and North Africa (Nene, 1982; Nene 

and Reddy, 1987; Kaiser and Muehlbauer, 1988; Nene et al., 1989; Chang et al., 2004; 

Ahmad et al., 2005). Several epiphytotics have been witnessed in the Indo-Pak sub-continent 

in the past seven decades, some time for a year and sometimes for years together, completely 

wiping out the crop in major growing tracts of the sub-continent (Kausar, 1965; Nene and 

Reddy, 1987). In Pakistan this disease is appearing in epidemic form in North-Western part 

of Pakistan, especially in Attock, Bannu, Kohat, D.I. Khan and Thal areas. Yield losses 

caused by Ascochyta blight are inevitable with susceptible cultivars and may go up to 10-

100% on worldwide basis (Haware, 1998), while in Pakistan the damage has resulted in 

severe shortage of pulses and an import worth of 7.43 million US dollar in 1982-83 had to be 

arranged for the masses, who were already protein malnourished (Malik and Tufail, 1984). 
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Due to the persistence of cool, wet weather for long periods late in the growing 

season, the losses may go up to 96% in some countries (Chongo and Gossen, 2001). A 

number of blight epidemics have been encountered in Pakistan (Malik and Tufail, 1984; 

Malik and Bashir, 1984; Nene, 1982) causing 48-70% crop losses. The disease can 

effectively be managed by the foliar application and seed dressing fungicides (Reddy and 

Singh, 1984; Rauf et al., 1996), use of disease free seed (Kaiser, 1984), destruction of plant 

disease debris (Chaube and Pandey, 1986) and host plant resistance (Iqbal et al., 2002; 

Ahmad et al., 2006; Malik et al.,2006). However, these approaches are not yielding better 

results due to the development of fungicides resistance in patho-types of the fungus and lack 

of durable resistance in commercial chickpea cultivars (Iqbal et al., 1989, 1994). Since the 

virulence of the pathogen is constantly changing in nature due to variability in the pathogen. 

Variability in A. rabiei isolates was reported first time in India during 1969 (Katiyar and 

Sood, 1985) and now present in almost all chickpea growing countries of the world that 

include India, Pakistan, Turkey, Syria, the Palouse region of the North-Western United States 

and Canada (Vir and Grewal, 1974; Kaiser and Muehlbauer, 1988; Reddy and Kabbabeh, 

1985; Singh, 1990; Chongo et al., 2004). Several patho-types of A. rabiei have been 

identified recently in different parts of the world with a broad range in pathogenic variation 

in the population (Chongo and Gossen, 2001; Chongo et al., 2004). Chongo et al. (2004) 

used Random Amplified Polymorphic DNA (RAPD) molecular markers and confirmed the 

presence of genetic variability among the A. rabiei isolates collected in the 1998 and 1999 

growing seasons. That is why previously released resistant cultivars have become susceptible 

due to appearance of new virulent strains/races (Yousaf et al., 1994; Jamil, 1995: Armstrang 

et al., 2001; Chongo et al., 2004). Thus there is a need to explore and identify these sources 

of resistance prevalent in the exotic and foreign chickpea germplasm and its incorporation 

into commercial chickpea varieties with quantitative and qualitative yield (Bashir et al., 

1997). 

The role of various amino acids in the growth, development and behavior of any 

living organism is very imperative. Every simple chemical action and reaction thereafter, or 

composition of it, is in fact controlled by the nature and amount of amino acids present at a 

particular site. Among the various host pathogen interactions the existence of amino acids 

like peroxidase, phenylalanine ammonia lyase are well documented (Mozzetti et al. 1995; 
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Fernandez-Pavia 1997; Fernandez-Pavia and Liddell 1997). Enhancement in total peroxidase 

activity was often found during the infection process of higher plants by pathogens, with 

more increases associated with a host response is classified as resistance (Seevers et al., 

1971). The activity of peroxidase in tomato hypocotyls was higher after the application of 

roots with 4-hydroxybenzoic hydrazide (4HBHZ), salicylic hydrazide (SHZ), or 2-furoic acid 

(2FA), Isoelectric. PAL activity was significantly higher in plants inoculated only with 

Phytophthora capsici than in plants inoculated only with Nacobbus aberrans or both 

pathogens (Nacobbus aberrans + Phytophthora capsici) after 2, 4, 6, 8 and 24 h of 

inoculation (Godinez-Vidal et al., 2008). A few studies have been made regarding the 

production of amino acids in chickpea cultivars and their role towards ascochytosis 

(Randhawa, 1994). The PAL activity increased to maximum level 12 to 24 hours after 

inoculation with the pathogens similarly the polyphenoloxidase and catalase activity was also 

maximum 6 days after inoculation (Sarwar et al., 2001. 2003). 

Minerals, apart from being a vital part of the plant nutrition, may manifest certain 

maladies in the plants either through disturbing normal metabolism and physiology of the 

plants or by favouring or discouraging the plant pathogens, if in excess or otherwise 

deficient. 

Induced resistance has been extensively studied in various host-pathogen 

combinations using resistance inducing biotic agents, chemicals and various plant extracts 

(Kuc, 1987; Doubrava and Kuc, 1988; Oostendorp et al., 2001). Induced resistance, 

exploiting natural defense machinery of plants can be used as an alternative, non 

conventional and eco friendly management of plant diseases (Edvera, 2004). Different 

chemicals like acibenzolar-S-methyl (BION), Probenazole (Oostendorp et al., 2001), β-

aminobutric acid BABA (Ovadia et al., 2001), Nitric oxide (Song and Goodman 2001), 

K2HPO4 (Orober et al., 2002) are commercially used as resistance inducing agents. Similarly 

extracts of various plants Allium sativum and Ficus carica (Balestra et al., 2009), Datura 

metel (Shafique and Shafique, 2008), Azadirachta indica (Singh and Prithiviraj, 1997) 

possess the capacity to induce resistance against different host pathogens interactions. 

Therefore it is planned to determine the possibility of induction of resistance into chickpea 

plants by the use of different chemicals and plant extracts that may contribute towards 

enhanced resistance against the disease. Moreover, the influence of resistance inducers 
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chemicals and plant extracts on biochemical characters such as production of minerals and 

amino acids contents of the treated chickpea plant parts shall be visualized to determine 

relationship, if any, between inducing substances and biochemical aspects of resistance of the 

host plants against the infection of Ascochyta blight disease of chickpea. 
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Chapter II 
REVIEW OF LITERATURE 
 
The research conducted on different aspects of the disease is reviewed as under:- 

2.1 HISTORY OF CHICKPEA PRODUCTION 

Chickpea (Cicer arietinum L.) is a deep rooted crop which belonging to the family 

Fabaceae. Chickpea is known to be the first domesticated grain legume crop of the old world 

(van der Maesen, 1972). This is grown in an ecologically diverse, semi-arid environment that 

includes India, the Mediterranean region, Eastern Africa, U.S.A and Europe (Saxena, 1990). 

It is a multipurpose crop in which seed serve as a major source of plant-based dietary protein 

for many people in particularly the developing countries. The seed of chickpea contains 

appreciable amount of crude protein that ranges from 17 to 24%. It is also a good source of 

carbohydrates, and both proteins and carbohydrates constitute 80% of the total dry seed 

weight. The remaining 20% consists of, 0.8-6.4 % fat, 2.1-11.7 % fiber, 0.2 % calcium and 

0.3 % phosphorus; moreover, chickpea is also a good source of the other essential amino 

acids including tryptophan (0.16 %), methionine (0.52 %), cysteine (1.45 %) lysine (1.45%) 

and threonine (0.16%) (Huisman and van der Poel, 1994; Williams and Singh, 1987). 

Chickpea is not only an important source of animal feed, but it also contributed to 

agricultural sustainability, through N2-fixation and by being a rotation crop. The area 

harvested for chickpea in Pakistan during the year 2008 was 1094 thousand hectares with a 

production of 760 thousand tons (Anonymous, 2008), while the worldwide basis the area was 

11.2 million ha with a production of 9.17 million tons. India is the major producer of 

chickpea, contributing for approximately 65% of the annual world production and at the 

same time major importer of chickpea. Turkey is among the largest exporter of chickpea 

followed by Australia. The production of chickpea over the past decade has varied worldwide 

between 7000 and 9000 Kt with 9 to 12 million ha harvested (FAO, 2004). There are two 

main kinds of chickpea, ‘desi’ with pigmented flower, relatively thicker, rough seed coat 

with tan to dark brown in color, mainly cultivated in Indian subcontinent, Ethiopia, Mexico 

and Iran. The “kabuli’ types, which are lighter in colour, bolded seeded, smoother coat 

having white flowers, was introduced in 18th century in Indian subcontinent mainly cultivated 

in Southern Europe, Northern Africa, Afghanistan and Chile. The production of chickpea is 

limited by various biotic and abiotic stresses throughout the world. There are about 50 
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pathogens associated with chickpea (Nene, 1980), which includ 35 fungi, 9 viruses and 2 

bacteria and 4 nematodes. Among the most important biotic stresses that limit chickpea 

production worldwide, Ascochyta blight is considered to be the most notorious one that 

hampered the overall yield of the crop (Nene, 1982; Chongo et al., 2000). Chickpea crop is 

less attacked by insect pests as compared to the other pulses, however, the pod borer 

Helicoverpa armigera is an important threat for the sustainable production of chickpea in the 

tropics (Singh et al., 1994). 

2.2 LIFE HISTORY OF Ascochyta rabiei 

Studies have been undertaken on the life history (Luthra et al., 1935), viability 

(Vishunavat and Chauba, 1986), survival (Luthra et al., 1932; Sattar, 1933), biology 

(Khachatryan, 1962) and epidemiology (Sattar and Hafiz; 1951, Nene, 1980; Saxena and 

Singh 1984 and Weltzein and Koach, 1981). Ascochyta rabiei has been named differently by 

workers in various part of the world. These names include anthracnose (Gonzales, 1921; 

Ciferri, 1927; Labrousse, 1930) blight (Sattar, 1933), scorch/blast (Del Canizo, 1972), 

ascochytosis (Gorlenko and Bushkov, 1958; Lukashevich, 1958; Kovics et al., 1986) and 

rabia (Trapero-Casas and Jimenez-Diaz, 1984). The disease causing fungus was initially 

recorded in France by Labrousse in 1931 from plant materials collected and brought from 

Morocco. Since then, it has been found to occur in almost all countries of the world where 

ever chickpea (gram) is grown (Nene et al., 1978) or exists wild in nature. This disease is 

caused by a fungus which has, once again, rightly or wrongly, been described under various 

genera. These include Phyllosticta (Gonzales, 1921; Ciferri, 1927; Sprague, 1930; Luthra et 

al., 1935; Aujla, 1964), Phoma (Khune and Kapoor, 1980), Diplodina (Labrousse, 1931) and 

Ascochyta (Labrousse, 1930). Ascochyta rabiei (Passerini) Labrousse is the recognized 

nomenclature of the pathogen. 

Following a wide outbreak within few years of its record, an intensive study on the 

fungus was initiated and its prefect (ascigerous) stage was discovered by Kovachevsky 

(1936) in Bulgaria who described it Mycosphaerella rabiei. It has been identified as 

Didymella rabiei (Kov.) on over-wintering chickpea debris, in the form of teleomorph of the 

fungus in Hungry (Kovics et al., 1986) Syria (Haware, 1987) and United States (Trapero-

Casas and Kaiser, 1992a). 
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Blight is the most destructive disease of chickpea in Southern and Eastern Europe, 

Western Asia, Pakistan and part of India (Singh et al., 1981). It has been observed in Iran 

(Sharief et al., 1967; Kaiser, 1972), Northern Africa i.e Algeria, Tunisia and Morocco 

(Reddy et al., 1980; Nasraoui, 1991), Australia (Bertag, 1982), Bulgaria (Kovechevsky, 

1936; Radkov, 1978), France and Egypt (Abdul-Monem et al., 1984), Greece (Zachos, 

1951), Canada (Tu and Hall,1984; Morrall and McKenzie, 1974); USA (Derie et al., 1985; 

Kaiser and Hannan, 1988), Israel (Halfon-Meiri, 1970), Italy and Romania (Savulescu et al., 

1934), Hungry (Kovics et al., 1986) and Mediterranean region (Haware, 1998). It is known 

to cause an appreciable loss (5-50%) in the thirty chickpea growing countries of the world 

(Nene and Reddy, 1987). The blight grain shrinks and its weight reduces from 13 g per 

hundred of the healthy grains to 4 g in the blight one (Luthra et al., 1932). 

Extensive studies on several aspects of the disease have been carried out in various 

part of the world during the last eight decades. A detailed account of the same would neither 

be feasible nor desirable and is also not within scope of the present studies. An annotated 

categorical description of it, however, is being presented simply to facilitate the provision of 

such information for workers in this particular field. 

This fungus is found to be parasitizing practically all parts of the plant, including the 

roots (Cother, 1977; Bertag, 1982). Seed and plant debris are the chief source of the carry 

over of the fungus although its viability is reduced by simple storage of seed even at the 

room temperature (Vishunavat and Chaube, 1986). The sexual stage of the fungus has only 

been noticed on over-wintering chickpea debris (Kovics et al., 1986). Seed procured from 

blighted crop results in poor germination (Halfon-Meiri, 1970; Kumar et al., 1983), apart 

from its carry over from one growing season to the next after passing through the store. 

Under natural conditions, the fungus has also been observed to multiply on stalked maize 

(Lukashevich, 1958); although it was claimed to be host specific (Gorlenko and Bushkova, 

1958) when tested on forty different crop plants (Tripathi et al., 1987). Recently, however, 

Ascochyta rabiei has also been reported from seed of berseem clover, Trifolium 

alexanderium (Montorsi et al., 1992). 
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2.2.1 Taxonomy, nomenclature and morphology of Ascochyta rabiei 

Ascochyta blight, caused by Ascochyta rabiei (Pass.) Labrousse (Syn. Phoma rabiei 

(Pass.) belongs to Ascomycetes class, (teleomorph: Didymella rabiei (Kovachevski) v. Arx. 

Syn. Mycosphaerella rabiei Kovachevski). The pathogen is heterothallic and exists both as 

an anamorph and a teleomorph. It requires two compatible mating types, MAT-1 and MAT-

2, for production of the teleomorph (sexual stage) (Kaiser, 1997; Armstrong et al., 2001). 

The presence of two mating types (MAT-1 and MAT-2) ensures sexual recombination and 

leads to genetic diversity. The mycelium of the fungus is hyaline to brown and septate and 

the anamorph (asexual stage) is characterized by the formation of pear shaped black fruiting 

bodies called pycnidia (Sattar, 1933) with many hyaline unicellular and some time bicellular 

pycniospores or conidia formed on short conidiophores. Under the moist conditions, pycndia, 

swell and a slimy mass of conidia oozes out through the ostiole (Kovachevski, 1936). 

Conidia are produced from the inner cells of pycnidia and they are hyaline, oval to oblong, 

slightly curved and slightly constricted. The conidia measure 6 - 12 × 4 - 6 µm which is 

generally 2 - celled, with blunt ends (Nene, 1982). The teleomorph, (sexual stage) of A. 

rabiei Didymella rabiei (Kovachevski) v. Arx) characterized by the production of 

pseudothecia that developed on previous year’s chickpea crop residues (Pande et al., 2005) 

was first reported by Kovachevski (1936) in Bulgaria. Later on it was also reported in Russia, 

Greece, Hungary, Spain, Syria, the United States and Canada (Armstrong et al., 2001; 

Wilson and Kaiser, 1995). Pseudothecia are sub-globose, 120- 270 µm in diameter and 

arranged in rows of the host tissue (Trapero-Casas and Kaiser, 1992a). The shape of the asci 

are cylindrical, clavate and slightly curved. On maturity, pseudothecia become erumpent. 

The asci are bitunicate, ascocspores are irregularly distichous, hyaline, ellipsoidal to biconic 

and two celled; usually the upper cell is broader than the lower one. 

2.2.2 Symptoms of the disease 

Remarkably similar symptoms have been described by various researchers through 

out the world. The symptoms of the disease appear on all the above ground parts of the 

plants. The infection of Ascochyta rabiei may arise from seed-borne inoculum, the conidia 

are produced on infected debris or air-borne ascospores and the symptoms on leaflets, 

petioles and young branches first appear as epinasty and loss of turgor, followed by water 
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soaking and necrotic lesions that may result in the destruction of the plant (Alam et al., 1989; 

Nene, 1982; Shtienberg et al., 2000). Depending on the resistance level of the chickpea 

genotype, a necrotic disease reaction will result to varying degrees of damage (Porta-Puglia 

et al., 1996). The symptom on lower leaves start as pin-head spots and the mature lesions 

appear as tan-coloured necrotic areas with dark margins. These spots develop into water-

soaked lesions. The centre of each lesion contains the small black fruiting bodies (pycnidia) 

arranged in concentric circles. On stems and petioles, elongated lesions appears and if the 

main stem is girdled near the collar region, defoliation, breakage and eventually death of the 

plant may occur (Höhl et al., 1990; Chongo and Gossen, 2001). On pods, lesions lead to 

shriveled and discoloured seeds. Asexual over-wintering structures, called pycnidia, develop, 

often concentrically, within lesions (Nene and Reddy, 1987). Initially the disease appears in 

patches in the field but spreads quickly when optimal conditions for the disease prevail 

(Akem, 1999; Kaiser, 1973; Latif et al., 1993; Singh and Shrama, 1998). Over-wintering of 

the fungus in infested chickpea stubble is the main source of the spread of inoculum in the 

subsequent growing seasons (Luthra et al., 1935; Kaiser, 1973; Navas-Cortes et al., 1995). 

The spots on the resistant cultivars appear as small dark brown spots, but they may not 

progress further (Chongo and Gossen, 2003). Conidia are dispersed to neighboring plants 

through rain splashing (Armstrong et al., 2001). Under cool moist conditions, the disease 

spreads rapidly through the field and under the optimum conditions, the teleomorph of the 

fungus, Didymella rabiei, can occur on infested chickpea stubble. Pseudothecia start to 

develop on residue in the fall and countinue to developing into the following spring. 

Pseudothecia mature at the beginning of March in USA (Trapero-Casas and Kaiser, 1992b) 

and release ascospores over a two-month period with the majority of ascospores released in 

mid-April.while in Canada, ascospores have been found in spring and summer (Armstrong et 

al., 2001), but the exact time of release and its termination has not been documented. 

Ascospores can initiate the blight epidemics in fields up to 15 km from the source field 

through wind transfer (Kaiser, 1997) and disease has appeared in fields free of chickpea 

debris using pathogen-free chickpea seed has been planted (Trapero-Casas and Kaiser, 

1992b), moreover, ascospores assist in the survival of the pathogen between growing seasons 

on infested debris (Kaiser et al., 1987; Navas-Cortés et al., 1995). 
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2.2.3 Incidence and Losses 

The disease has a potential to cause appreciable reduction in yield under favorable 

weather conditions. A few examples will be sufficient. The investigations were started in 

1922 on this disease and it was found that annually 25–50% of the crop was destroyed 

(Sattar, 1933). This disease is favored by cool and wet weather and under the epidemic 

conditions 100% yield losses is also reported (Davidson et al., 2004; Pande et al., 2005). 

Kovachevski (1936) reported that 20–50% of the crop was lost annually in Bulgaria, while 

occasionally total loss occurred in certain fields. Labrousse (1930) give details of the 

destructiveness and losses caused by the disease in Morocco. In the Dnipropetrovs’k region 

of USSR, blight was severe in 1956 “sometimes causing 100% loss” (Nemlienko and 

Lukashevich, 1957). In Greece, 10–20% damage was reported during 1957–1958 

(Demetriades et al., 1959). Similarly blight has the potential to cause 100% yield loss in 

chickpea (Nene, 1984), while in Spain the disease caused great losses to chickpea crop 

(Puerta, 1964). Ascochyta blight was introduced in Australia during 1973 through the 

infected seed used in evaluation trials at Wait Institute. After that the disease continued to 

appear in varying intensities but in 1997, 40% of crops had some level of infection and 

during 1998 season, the disease reached epidemic proportions causing widespread and heavy 

crop loss in South Australian and part of Victoria (Kaiser, 1997; Khan et al., 1999; ABARE, 

2006). Chickpea production in Canada is mainly concentrated in the Saskatchewan 

provenience with maximum production was recorded between 1999 and 2001 but over all 

inconsistence trends in the chickpea production over the past eight years has been observed 

which may be attributed to low market prices and the high production risk due to the crop's 

devastating disease. Under favourable environmental conditions for this disease, even the 

most resistant varieties can experience yield losses in excess of 70% (Saskatchewan 

Agriculture and Food Agriculture Knowledge Centre, 2007). Person who has seen the disease 

in the field will readily agree on the potential of this disease to cause serious losses in 

chickpea. Several epidemics of chickpea blight causing complete yield losses have been 

reported. The fungus mainly survives between seasons through infected seed and in infected 

crop debris. Despite extensive pathological and molecular studies, the nature and extent of 

pathogenic variability in A. rabiei have not been clearly established (Pande et al., 2005). 
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2.3 PHYSIOLOGY OF A. rabiei 

Cultural studies of the fungus with regard to media (Aga, 1966; Ahmad and Kausar, 

1971; Ilyas and Khan, 1986), temperature, humidity, light (Chauhan and Sinah, 1973), 

zonation (Hafiz, 1951); vitamin requirement (Sati and Grewal, 1981) and sporulation (Kaiser, 

1973; Jamil and Nasir, 1984) have been reported. Conidia of Ascochyta rabiei germinate at 

20 t0 25 oC (Zachos et al., 1963). Exposure to alternating light and dark resulted in the 

formation of zonation in the colony. On the plants under the continuous light, lesions were 

smaller and sporulation was markedly reduced (Chauhan and Sinah, 1973). Likewise, no 

pycnidia developed in darkness (Maden et al., 1975). The minimum temperature for growth 

and sporulation was below 10oC, the optimum 20oC and maximum 32oC (Luthra et al., 

1935). The fungus grew well and produced a maximum number of pycnidia and virulent 

inoculum of pycnidiospores on simple sterilized chickpea media with in a few days at room 

temperature (Gorlenko and Bushkova, 1958; Ilyas and Khan, 1986). Pycnidia development 

was the best at a pH of 7.6 to 8.6 at 20oC (Bedi and Aujla, 1970; Kader et al., 1989). The 

optimum temperature for expression of symptoms and sporulation was 20oC and the 

optimum relative humidity (R.H.) between 85 to 98 percent with an incubation period of 144 

hours i.e., six days (Chauhan and Sinah, 1973) and seven days at 13 oC and five days at 18-

25 oC (Zachos et al., 1963), whereas the maximum colony growth was observed at 19oC 

(Maden et al., 1975). At six days, yellowing and necrosis of the tissues coincide with the 

formation of the mature pycnidia. The fungus caused damage to the cell walls of the 

parenchyma, cortical and pith tissues in advance of the invading hyphae, indicating the 

involvement of the cell wall degrading enzymes (Pandey et al., 1987). Disease severity on 

the cultivar Pb-7 declined with the age of inoculum from high disease rating (8) on a 1-9 

scale, with 10-15 days old cultures to 3.3 when 60 days old inoculum was used (Rao and 

Haware, 1991). 

2.4 INFECTION PROCESS OF A. rabiei 

Penetration of Ascochyta rabiei in chickpea plant is mainly through the leaflet cuticle, 

as the spore germinates, germ tube elongation occur which results in the formation of an 

appressorium-like infection structure (Höhl et al., 1990; Ilarslan and Dolar 2002; Köhler et 

al., 1995), resulting in a rapid collapse of tissue and spread of necrotic lesions (Shtienberg et 
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al., 2000). The fungus caused damage to the cellulosic cell walls of parenchyma by direct 

penetration of the epidermis and/or the hydathodes after the formation of appressorium-like 

infection structures (Höhl et al., 1990; Köhler et al., 1995). Appressoria are not melanized, 

thus penetration, takes place not only through mechanical force but also through the action of 

hydrolytic enzymes (Tenhaken, 1992). The germ tube invades the wall of epidermal cells, 

without plagues the protoplast. The pathogen spreads in the intercellular space between 

epidermal and palisade parenchyma cells and proceeds through the middle lamellae in 

parenchyma tissues from the leaflet through the petioles to the stem. The pathogen can also 

penetrate the stem directly through the stem cuticle and once inside the stem, the pathogen 

multiplies mainly in the phloem tissue, but extensive damage occurs in parenchymatous 

tissues. There is complete destruction of non-lignified tissues (Pandey et al., 1987) and 

xylem tracheary elements (lignified tissues) are slightly damaged but remain structurally 

intact (Ilarslan and Dolar, 2002; Höhl et al., 1990; Köhler et al., 1995). Pycnidia formation 

near the vascular tissue of the plant tissue, possibly for structural support as all other cell 

tissue is destroyed within a lesion (Köhler et al., 1995). The main direction of fungal growth 

is from the leaflet through the vascular region of the petioles to the stems that resulted in the 

formation of necrotic areas due to cell death and subsequent change in leaf structure and 

were characterized by the accumulation of phenolic compounds. Eventually the leaflets, 

petioles and stems are filled with fungal hyphae and collapse (Köhler et al., 1995). Leaves of 

resistant cultivars were invaded by the fungus by less than 5% (Höhl et al., 1990). In case of 

moderately or severely blighted leaves, the production of chlorophyll ‘a’ and chlorophyll ‘b’ 

was reduced significantly and this was attributed to inhibition of production by A. rabiei or 

due to enhanced activity of chlorophyllase (Gaur, 2000).  

Due to this necrotrophic nature of the pathogen, the exo-toxins are responsible for 

changes in cell morphology on susceptible cultivars in the infection process in advance of 

invading fungal hyphae (Pandey et al., 1987; Höhl et al., 1991). Three different types of 

phytotoxins: solanapyrones (A, B, and C) have been reported to be produced by Ascochyta 

rabiei (Alam et al., 1989; Höhl et al., 1991; Kaur 1995), cytochalasin D (Latif et al., 1993), 

and a proteinaceous phytotoxin (Chen and Strange, 1994). The toxin, Solanapyrones A, B 

and C have also been isolated from culture filtrates of Alternaria solani, the casual fungus of 

blight of potato and tomato (Ichihara et al., 1983). Different amount and types of toxin 
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compound are produced by isolates of A. rabiei (Latif et al., 1993). Among them, 

Solanapyrone A is the most toxic followed by solanpyrones C and B (Kaur, 1995). 

Solanapyrones A, B and C are active individually as well as additively in combination (Alam 

et al., 1989; Kaur, 1995). The degree of pathogenicity of different isolates of A. rabiei was 

well correlated with the amount of phytotoxins generated (Latif et al., 1993; Kaur 1995). 

Additionally, there is a considerable heterogeneity among fungal isolates at the biochemical 

level (Latif et al., 1993) and the cultural conditions also affect toxin production (Chen and 

Strange, 1991). 

Isolates of A. rabiei exihibiting greater aggressiveness are more toxigenic and the 

more susceptible genotypes are more toxin sensitive (Latif et al., 1993). Pathogenicity of 

Ascochyta rabiei was linked with the ability to produce toxin and it is possible that toxin 

production by pycnidia was inhibited on the leaves of resistant genotypes (Platerosanz and 

Fuchs, 1978; Höhl et al., 1991), that decreased toxin sensitivity is based on a higher toxin 

threshold or that resistant genotypes possess detoxification mechanisms (Johal and Briggs, 

1992). 

Copper amine-oxidase (CuAO), is a soluble protein that is abundant in the 

extracellular fluids found in many legumes and is associated with defence responses and the 

balance of reactive oxygen species such as hydrogen peroxide which kills invading 

pathogens. It increased levels is signalled by jasmonic acid and reduction to basal levels of 

CuAO in plant is prompted by salicylic acid and abscisic acid. These signalling molecules 

appear to trigger CuAO activity not only at the site of wounding or infection, but also 

systemically throughout the plant. It has been established that CuAO expression enhanced in 

response of wounding and infection with A. rabiei. Moreover, CuAO activity is greater in 

cultivars of chickpea with greater resistance to A. rabiei. Rea et al, (2002) demonstrated that 

increased lesion size caused by A. rabiei is the result of inhibition of CuAO production with 

2-bromoethylamine as there was more damage to the cortical parenchyma and sclerenchyma 

cells of the plant. Additionally, lesion morphology was affected by inhibition of CuAO as 

lesions grew length-wise instead of girdling the stem. 

2.4.1 Production of Toxins by A. rabiei 

The toxins that are produced by the micro-organism and have lethal potential to 

plants are termed as phytotoxin and played a crucial role in the pathogenesis in the 
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susceptible host (Wheeler and Luke, 1963). The interaction between the pathogen and the 

host in many plant pathogenic fungi and bacteria resulted in the production of phytotoxins in 

culture and in their hosts. For better understanding, the mechanism of disease susceptibility 

and resistance, it is imperative to be aware of the mode of action of such compounds. 

Histological studies of A. rabiei suggest that involvement of phytotoxins, after hyphae had 

expanded subepidermally in the host cells and it became deformed and their sub-cellular 

structure disintegrated (Hohl et al., 1990). A. rabiei produced phytotoxic compounds that 

were chemically identified as solanapyrones A and C (Alam et al., 1989) and the same 

phytotoxins had previously been found in culture filtrates of the fungus Alternaria solani, 

(Matern et al., 1978; Ichihara et al., 1983). In further experiments with free culture filtrates 

of A. rabiei another phytotoxic compound, cytochalasin D (Latif et al., 1993) was 

discovered. The production of solanapyrones and cytochalasin D was dependent on the 

presence of aqueous chickpea seed extract that consisted of Czapek Dox nutrients 

supplemented with an aqueous extract of chickpea seeds while on the other hand the absence 

of chickpea extract inhibited the production of solanapyrones (Alam et al., 1989; Latif et al., 

1993). Toxin such as solanapyrones plays a role in infections of not only in chickpea by A. 

rabiei but at the same time also in potato and tomato by caused by Alternaria solani. It was 

contemplated to be advantageous to develop a defined medium for their routine production 

and study their role in pathogenesis. In order to achieve the objective of maximum 

production of solanapyrones Chen and Strange, (1991) completely replaced the aqueous 

extract of chickpea seeds with the salts of di-valentmetal cations such as Zinc, Calcium, 

Manganese Cobalt and Copper. Tenhaken et al, (1997) reported that when culture filtrate of 

A. rabiei was added with cutin or hydroxylated fatty acids secrete a cutinase. Shahid and 

Riazuddin, (2000) isolated phytotoxins, solanapyrones A, B and C from culture filtrates of A. 

rabiei when grown on Czapk Dox nutrients supplemented with divalent metal cations with 

solanapyrone B was a new compound from this species. The toxicity of purified compounds 

was determined by chickpea cell bioassay and solanapyrone A was more toxic than 

solanapyrone B and C. Shahid et al, (1998) purified solanapyrones and cytochalasin D from 

chickpea fungus grown on Czapek Dox liquid medium supplemented with chickpea seed 

extract. Hohl et al, (1991) suggested that solanapyrone B and C play an early role in disease 

development after they were extracted in the germinating fluids of fungal spores. Although 
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several phytotoxins have been isolated and chemically identified but role of few have been 

investigated in plant disease development (Yoder, 1980). Latif et al., 1998 studied the 

kinetics of production phytotoxins from artificially infected chickpea plants with different 

isolates of A. rabiei with the help of HPLC analysis and found that Cytochalasin D was 

recovered in high levels followed by solanapyrones B, C and A. In an effort to study the role 

of phytotoxic substances in pathogenicity, naturally infected chickpea plants upon analyses 

revealed absence of solanapyrone A and very low level of solanapyrone B and C and high 

level of cytochalasin D in the disease susceptible cultivars and no phytotoxic compound was 

recovered from disease resistant cultivars. The level of solanapyrone C recovered from 

naturally blight stricken chickpea plants of susceptible cultivars appears to correlate -ve or + 

ve with the disease susceptibility of the chickpea cultivars Shahid and Riazuddin, (1998). 

The results of analysis of artificially infected chickpea plants suggested that the defence 

mechanisms of fungus resistant chickpea cultivars (Latif et al., 1998) may inactivate the 

phytotoxic compounds. The presence of some phytotoxins in the host enabled them to 

activate metabolic pathways act as ‘elicitors’ leading to the synthesis of substances involved 

in plant defence reactions, such as phytoalexins. These ‘elicitors’ caused localized death of 

plant cells and hypersensitive responses of the host which might restrict growth of the 

pathogen (Bailey and O'Connel, 1989). 

2.5 EPIDEMIOLOGY OF BLIGHT 

Ascochyta rabiei is seed borne and the pathogen survives in the form of mycelium, 

pycnidia and various teleomorphic stages (Kaiser, 1997). Different environmental factors viz 

temperature, rainfall and wind play very important role in the spread of the chickpea blight 

(Weltzien and Kaach, 1984; Nene and Reddy, 1987; Trapero-Casas and Kaiser, 1992b). 

Symptoms appear as early as 3-5 days (Khachatryan, 1962) or 4-6 days (Hohl et al., 1990) 

after inoculation. The pathogen completes usually three generations within a period of sixty 

days or more under optimal environmental conditions. Appearance and spread of the disease 

is closely connected with the environmental factors and weather, requiring about 60 per cent 

relative humidity, 350 to 400 mm rain fall and average daily temperature not less than 15oC 

(Khachatryan, 1962). However , a close examination of the data extended over fifty years in 

Pakistan, regarding rainfall towards the appearance of the disease in an epidemic form, has 

led to the inference that areas that received less than 3.5 inches of rain fall during the 
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growing period of the gram escape the disease and those receiving the downpour between 3.5 

to 6.0 inches occasionally suffered from epidemics and the ones which witnessed a 

precipitation of more than six inches frequently suffered from severe epidemics 

(Kausar,1965). The role of these individual factors is discussed here; 

2.5.1 Temperature 

Temperature has important effects on the life cycle of A. rabiei, the infection process 

and disease development. The optimum temperature for infection and development of A. 

rabiei is 20°C (Trapero-Casas and Kaiser, 1992a). A minimum monthly average temperature 

of 8oC and precipitation of at least 40 mm is necessary for an epiphytotic of this disease in 

Libya where it is grown as a winter crop, while there would be no risk of an outbreak in 

Spain where it is grown as summer crop. Other areas where the blight may be problem 

include part of Argentina, Kenya and Nepal. Burma, Chile and Malawi would not be likely 

locations for outbreaks (Ketelaer et al., 1988). The asci and ascospores only develop at 

temperatures between 5 and 10°C. Low temperature and a relatively long incubation period 

are required for sexual reproduction in majority of Ascomycetes. Optimum temperature for 

infection is 20oC at which the incubation period was 4.5 to 5.5 days. Any deviation in this 

temperature resulted in lengthening the incubation period, while the lower and upper 

temperature limits for infection by A. rabiei are 5 and 30°C, respectively (Trapero-Casas and 

Kaiser, 1992b). Disease severity increased with increasing temperatures to a maximum of 

20°C, then declined sharply at temperatures above 25-30°C and at temperatures above 25°C, 

spore production and mycelial growth decrease and cease at 32°C. Temperature also affects 

latent inocubation period of the pathogen. Trapero-Casas and Kaiser (1992b) reported that 

the shortest incubation and latent period was found to be 4.5 days and 5.5 days, respectively, 

at 20°C. A temperature higher or lower than 20°C prolonged the latent period. Disease 

symptoms appeared seven days after inoculation (Singh et al., 1988). 

2.5.2 Leaf wetness period 

Moisture is among the factor which is important weather element for foliar 

pathogens. The effect of temperature on disease development is influenced by leaf wetness 

and the duration of the wetness period. Armstrong et al, (2004) found that ascochyta blight 

severity increased with increasing leaf wetness period (LWP) and wetness period of 10 hours 
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is conducive for disease development (Khan, 1999; Trapero-Casas & Kaiser, 1992b). Disease 

severity increases as the duration of wetness periods exceed a minimum of 6 hours, and with 

increasing temperatures to a maximum of approximately 20
o
C (Trapero-Casas and Kaiser, 

1992b). The minimum leaf wetness period for symptom development is 4-8 h (Jhorar et al., 

1998). Conidia showed swelling without germ tube formation, but many were able to survive 

intermittent dry periods. Germination of conidia increased with increasing leaf wetness 

period and germ tube penetration increased from 2% with 6 h of leaf wetness period to 11% 

with 24 h leaf wetness period (Jhorar et al., 1998). Disease severity plotted against leaf 

wetness period showed an exponential asymptote. The maximum infection was observed 

with a wetness period of 18 h (Jhorar et al., 1998). The number of pycnidia that developed 

with continuous wet period was higher than with interrupted wetness periods.  

2.5.3 Relative humidity/rain fall 

Rainfall is the critical factor in the development of epiphytotics (Kaiser, 1992; Luthra 

et al., 1935; Nene & Reddy, 1987). The presence of primary infection foci in a field may be 

limited and isolated, but the pathogen spread when the rain drops hit sporulating lesions on 

foliage and shattered them into small droplets, disseminating masses of pycnidiospores to the 

neighbouring foliage, particularly in windy conditions (Pande et al., 2005). Jhorar et al, 

(1997) used long term weather data to correlate disease severity with maximum temperature 

and afternoon relative humidity. There was linear relationship between the disease and 

temperature and with RH was an exponential asymptote. The ratio between these two 

relationships, referred to as the humid thermal ratio (HTR) was calculated and found to be in 

a positive relationship with the disease severity. The application of HTR was used to develop 

a model to trigger fungicide applications. The influence of morning relative humidity is more 

pronounced as compared to the afternoon (Jhorar et al., 1997). The age of the plant is also 

important in determining the level of susceptibility of the pathogen as the podding stage is 

being the most susceptible to infection (Chongo and Gossen, 2001). 

2.5.4 Teleomorph 

The sexual or teleomorphic stage of A. rabiei is produced on the chickpea debris and 

pseudothecial development requires no nutrients other than those provided by the chickpea 

debris. Didymella rabiei is heterothallic, with a bipolar diallelic incompatibility system 
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(Trapero-Casas and Kaiser, 1992b). Generally, pseudothecia developed saprophytically 

during the fall and winter seasons and forming abundant pycnidia and pseudothecia that are 

arranged in rows on chickpea straw. They are erumpent, dark brown to black, subglobose and 

120-270 μm in diameter with an inconspicuous ostiole when mature (Trapero-Casas and 

Kaiser, 1992a). Asci which protrude from pseudothecia of D. rabiei are cylindrical to 

subclavate, 8-spored and 50-80 x 10-12 μm with a bitunicate wall (Trapero-Casas and Kaiser, 

1992a). Ascospores may be carried to great distances by wind (11km) and are the major 

primary inoculum for epidemics of Ascochyta blight. Trapero-Casas and Kaiser (1992a) 

found that temperature had limited influence on the induction of pseudothecia, but a large 

effect on their maturation. Ascospores are hyaline and two-celled (Akem, 1999), ellipsoidal 

to biconic, strongly constricted at the septum and 9.5-10 x 4.5-7 μm in size (Trapero-Casas 

and Kaiser, 1992a). Estimated potential for ascospore production is 15 000 ascospores per 

square millimetre of infested tissue (Trapero-Casas and Kaiser, 1992a). Long dry periods can 

delay maturation of ascospores (Navas-Cortés et al., 1998). Navas-Cortés et al. (1998) found 

that the occurrence of rain had a greater effect on ascospore discharge than the amount of 

rainfall.  

Sexual recombination of A. rabiei results in greater genetic diversity and more 

virulent genotypes of the pathogen (Kaiser, 1997). The teleomorph of A. rabiei was first 

observed in the Palouse region of the United States in 1988 by Kaiser (1990) and in western 

Canada in 1999 (Armstrong et al., 2001). It is thought that the teleomorph is more 

widespread than what has been reported (Kaiser and Hannan, 1987). 

2.6 VARIABILITY IN VIRULENCE OF Ascochyta rabiei  

Variation among coexistence of different races of A. rabiei was observed due to 

variation in host pathogen interaction. Co-evolution studies of different populations revealed 

that aggressiveness within a local isolates of A. rabiei can be variable within a few years of a 

population’s documented existence (Jan and Wiese, 1991). Santra et al., (2001) found that 

five isolates from the Palouse region of the USA that had a significant amount of pathogenic 

diversity that could be credited to the introduction of the pathogen to the region from 

different countries. Among the mechanism of genetic variability, sexual recombination 

during meiosis (Kaiser and Hannan, 1987; Trapero-Casas and Kaiser, 1987) and random 
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genetic drift followed by selection are important that contribute to diversity (Kohn et al., 

1988; Milgroom et al., 1992; Morjane et al., 1994). Due to high genetic diversity of A. rabiei 

and frequent recombination increases the likelihood of development of rare, more aggressive 

pathotypes, thus rendering current resistance sources ineffective (Chongo et al., 2004).  

Pathogenic variability among isolates of A. rabiei has been studies by different 

researchers through out the world and it was first time reported from India Vir and Grewal, 

1974; Singh, 1990; Singh and Pal, 1993; Ambardar and Singh, 1996; Navas-Cortés et al., 

1998), Syria and Lebanon (Reddy and Kabbebeh, 1985 reported 6 physiological races from 

Syria and Lebanon; Singh and Reddy, 1993; Udupa and Weigand, 1997), the Palouse region 

of the USA (Jan and Wiese, 1991; Navas-Cortés et al., 1998), Italy (Porta-Puglia et al., 

1996), Pakistan (Qureshi and Alam, 1984; Hussain and Malik, 1991; Jamil et al., 1993; Jamil 

et al., 1995; Jamil et al., 1997; Navas-Cortés et al., 1998; Jamil et al., 2000), Spain (Navas-

Cortés et al., 1998), Australia (Khan et al., 1999), Tunisia (Hamza et al., 2000) and most 

recently in Canada  and Turkey (Chongo et al., 2004; Maden et al., 2004). These studies 

have used from 3 to 15 differential host genotypes, classified 11 to 130 isolates of A. rabiei 

into 2 to 14 pathotypes. 

Pathogenic variability of A. rabiei enhanced due to the presence of teleomorphic 

stage and different pathotypes have been characterized based on differences in their 

aggressiveness on differential host genotypes through artificial inoculation with the pathogen, 

similar to determining physiological races (Navas-Cortés et al., 1998). Unfortunately, due to 

the limited control of the environment present in greenhouse experiments, physical assays of 

pathogenicity are inconsistent which can influence the aggressiveness within the same 

isolate/line combination (Udupa et al., 1998). Furthermore, biological pathotyping is 

laborious, time-consuming and requires stringent standard experimental conditions (Navas-

Cortés et al., 1998).  

The term “pathotype” is used synonymously with “race” in several studies on 

populations of A. rabiei, and in some studies different pathotypes essentially represent levels 

of aggressiveness of isolates (Jamil et al., 2000). In most pathogenicity studies, A. rabiei 

isolates have been classified into physiological races or pathotypes based on reaction pattern 

on a set of differential chickpea genotypes. Arbitrary points on the rating scales have been 
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selected that are assumed to separate a susceptible from a resistant reaction. However, there 

is rarely a clear resistant or susceptible reaction on chickpea when infected by A. rabiei. Even 

though this system has allowed pathologists to quickly analyze and present disease reaction 

results, it appears to be unsuitable to describe the data. The approach has proven to be 

unreliable because of lack of reproducibility, suggesting this pathosystems may be more 

complex than what a traditional race or pathotype system can describe.  

2.7 PHYSIOLOGICAL AND GENETIC BASIS OF RESISTANCE 
 
2.7.1 Genetic basis of resistance  

The use of resistance varieties is the most realistic approach to manage the Ascochyta 

blight and it is the major objective of chickpea improvement programs throughout the world 

(Muehlbaur and Singh, 1987; Reddy and Singh, 1990b). Although ascochyta blight has been 

known for almost 90 years but evaluation of chickpea germplasm has shown that there are 

very few accessions with resistance to Ascochyta blight (Reddy and Singh, 1984; 1990a). 

This may be attributed due to the fact that breeding for resistance during the last 60 years did 

not yield too many resistant varieties. However, wild species of genus “Cicer” such as C. 

echinospermum have some resistance (Collard et al., 2001). Both C. reticulatum and C. 

echinospermum are cross-compatible with C. arietinum and could provide sources of 

resistance (Singh and Ocampo, 1997). In connection with breeding for successful resistance 

sources, an attempte was made at the International Centre for Agricultural Research in the 

Dry Areas but abandoned after positive results could not be achieved (van Rheenen and 

Harware, 1994). Recently attempts of gene pyramiding by combining several resistance 

genes into single lines have been made by crossing resistant cultivars of different origins 

(Singh et al., 1994; van Rheenen and Harware, 1994). Research by using marker-assisted 

selection (MAS) was carried out at ICRISAT that was concentrated on developing cultivars 

by pyramided resistance genes, as it was otherwise difficult to identify lines containing 

combinations of different genes (Singh and Reddy, 1996). Several authors have reported on 

the inheritance of resistance, the disease resistance was controlled by two dominant 

complimentary genes (Ahmed et al., 1952). The resistance in ‘desi’ cultivars was governed 

by a single dominant gene (Vir et al., 1975; Eser, 1976; Hafiz and Ashraf, 1953), while in 

‘kabuli’gram, resistance to ascochyta blight was governed by a single recessive gene for one 
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cultivar and one dominant gene in several cultivars (Singh and Reddy, 1983). Two dominant 

complimentary genes were responsible for resistance in two chickpea genotypes (Dey and 

Singh 1993) and one dominant and one recessive gene were controlling resistance in another. 

Tewari and Pandey, (1986) reported that two recessive genes through additive gene action 

are responsible for ressitance against ascochyta blight of chickpea. Similarly Küsmenoglu 

(1990) also studied that resistance to ascochyta in chickpea was regulated by two recessive 

genes. Tekeoglu et al, (2000) reported the quantitative nature of the inheritance of resistance 

by the presence of minor genes. Santra et al, (2000) recognized three Quantitative Trait Loci, 

(QTL) by using interval mapping of RILs, when the wild relative of chickpea C. reticulatum 

was crossed with the resistant line of C. arietinum. QTL1 and QTL 2 together conferring 

resistance to ascochyta with an estimated average of 45% to 50% variation in blight reaction 

for two years, while QTL-3 was a minor. Flandez-Galvez et al, (2003) studied the resistance 

to ascochyta blight was associated with the genomic regions on LG1, LG2 and LG3 under 

both the field and controlled environmental conditions but later on it was established that the 

major QTL for blight resistance was located on LG4 (Udupa and Baum, 2003; Taran et al., 

2006). Taran et al, (2006) also studied that QTL on LG3 region was unique to the population 

derived from a cross involving ICCV96029 and CDC Frontier. Due to more sexual 

recombination in the pathogen’s life cycle, a high degree of genetic diversity has been 

reported among isolates of A. rabiei. Three pathotypes, pathotype I (least aggressive), 

pathotype II (aggressive) and pathotype III (highly aggressive) were reported in Syria (Udupa 

et al., 1998, Jamil et al., 2000). That is the reason that any attempt to attain durable resistance 

in chickpea has not been successful. The resistance to ascochyta blight is age related which 

tends to decrease with the passage of time and with different stages in the life cycle of the 

host plant and the vegetative stage do not maintain resistance up to reproductive stage. 

(Reddy and Singh, 1984; Chongo and Gossen, 2001). Leaves and new growth on plants had 

lower ascochyta blight infection as compared to the stem due to difference in expression of 

genes (Chongo et al., 2001). 

Ichinose et al, (2000) identified the functions of several genes by isolating, 

sequencing and comparing cDNAs of chickpeas infected with A. rabiei with other plant 

species. It is believed that the functions of the isolated cDNAs included: i) defence related 

pathway genes such as reinforcement of cell walls, PR-proteins, phytoalexin biosynthetic 
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enzymes and reactive oxygen species (ROS) scavenging enzymes; ii) genes involved in 

signal transduction; iii) genes for expression such as transcription factors and translation; iv) 

catabolic pathway genes and v) genes encoding proteins for primary metabolism (Ichinose et 

al., 2000). According to Cornels et al, (2000) GRPs may be considered as responsible factor 

for sealing of vascular elements in the apoplastic space during later phases of A. rabiei 

invasion. Extracelluar proteins like β-1,3-glucanase, a PR-protein, has also been purified 

(Hansell and Barz, 2001) and characterized in A. rabiei infected chickpea. Among them due 

to the presence of β-1,3-glucanase in the intercellular fluid of the apoplastic space between 

cells of the resistant cultivar (Hanselle and Barz, 2001), growth of the fungus stopped but in 

an other experiments the same scientist reported that the amount of β-1,3-glucanase 

accumulation did not differ significantly between a susceptible and resistant cultivar, thus 

could not solely be considered the reason for resistance. 

2.7.2 Physiological basis of resistance 

Disease resistance is the ability of the plants to prevent, restrict or retard disease 

development and it occurs at high, moderate or low level (Bell, 1981). Plants defend 

themselves against the attack of variety of pathogens by the action of different physical and 

chemical barriers (Agrios, 2005). Different biochemical factors like phytoalexins, phenolic 

compounds, amino acids and minerals are important in disease resistance. Among these 

phytoalexins are low molecular weight substances which are produced after stimulation by 

various phytopathogenic microorganisms and by chemicals or mechanical injury (Strange, 

2003). More than 300 different phytoalexins have been isolated from approximately 900 

plant species (Harborne, 1999). The resistance of chickpea to Ascochyta rabiei is partly 

explained by increased levels of constituent phenols (Vir and Grewal, 1994). Dolar and 

Gurcan, (1993) studied the accumulation of pterocarpon phytoalexins in the leaves and stem 

of resistant and susceptible chickpea cultivars. Both medicarpin and maakiain accumulated 

12 hours after inoculation. Medicarpin did not accumulate in the stem and leaves of the 

susceptible plants. Amount of medicarpin in young leaflets of both resistant and susceptible 

cultivars was more than in old leaflets. Jamil et al, (1990) observed the possible role of 

phenolic compounds in chickpea resistance against Ascochyta blight. The total phenolic 

contents increased in 10-12 weeks old plants and accumulation was more in resistant as 

compared to susceptible plants after inoculation with Ascochyta rabiei. The resistant cultivars 
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ILC-3279 rapidly accumulated large amounts of both phytoalexins (20-26 nmole g-1 fr.w) 

while the susceptible ILC-1929 produce small amount of (5 n/mole g-1 fr.w) of medicarpin 

(Weigand et al., 1986). Challenge inoculation with both virulent and non virulent isolates at 

2 to 10-day intervals resulted in an increase in the total phenol content in the resistant cultivar, 

and a decrease in total phenol content in the susceptible cultivar. Both isolates increased the 

tannin contents of the treated resistant and susceptible cultivars, compared to the control. The 

increase in tannin content due to pathogen inoculation was higher in the susceptible than the 

resistant cultivars, 10 days after inoculation (Jalali and Khirbat, 2003). 

Some enzymes are also involved in resistance of chickpea to Ascochyta blight like, 

Polyamine, Diamine oxidase and Preoxidase, and PAL (Phenlalanine ammonia lyase). They 

have been suggested to play a significant role in regulating the accumulation of phenolics and 

phytoalexins in response to infection (Okay et al., 1997; Peltonen et al., 1998). Phytoalexins 

and PAL accumulation was preened by the transient rise in the activity of PAL. Maximum 

PAL activity was observed 12 to 24 hours after inoculation which coincide with the period of 

most rapid phytoalexins accumulation (Sarwar et al., 2001). Diamine oxidase and cadaverine 

contents are constitutively higher in fourth node of resistant cultivar as compared to 

susceptible. POD and DAO activities and Putrecine level increased markedly after infection 

in both cultivars as compared to control, with greater level of both enzyme activities and 

Diamine level in resistant one (Angelini et al., 1993). The specific activity of polyphenol 

oxidase remained higher in the resistant genotype in response to inoculation with both the 

pathogen isolates from 6 to 10 days. However, the activity of polyphenol oxidase sharply 

declined after 10 days of inoculation (Khirbat and Jalali, 1998).  

Studies carried out by Randhawa (1994) on the role of different minerals in relation to 

resistance against Ascochyta blight revealed that the amount of N, P, Zn and Fe did not vary 

much in the healthy plants of the resistant and susceptible cultivars of chickpea, whereas the 

amount of K and S was more in the susceptible than in resistant cultivars. Barring the 

recovery of Cu and Fe, the amount of all other elements was enhanced upon inoculation on 

over all basis in the four reaction groups (resistant, moderately resistant, moderately 

susceptible and susceptible). There was noticeable increase in the amount of K in the 

resistant cultivars but the reverse was true for the P, S and Mg contents after inoculation. As 

regards the amino acids profile, the quantities of lysine, arginine, aspartic acid, threonine, 
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glutamine, iso-leucine, leucine and tyrosine were higher in resistant cultivars while proline, 

alanine and valine were higher in the susceptible cultivars and serine, glysine, methionine 

and polyalalnine were almost at the same level in both the groups. The amount of amino acid 

was higher in the resistant cultivars as compared to susceptible ones. Upon inoculation, there 

was general reduction in the amino acids. The amount of phenols was almost the same in 

healthy plants in all the reaction groups before inoculation. Upon inoculation, phenolic 

contents increased. The resistant cultivars produced comparatively more phenolic compounds 

after inoculation as compared with susceptible cultivars. 

2.8 MANAGEMENT OF DISEASE 

For successful disease management a well advance planning is imperative and 

ascochyta blight is effectively managed with the integration of several different strategies. 

2.8.1 Cultural methods 

The development of the disease depends upon the interaction of host, pathogen and 

environmental conditions. Cultivation of resistant cultivars is one of the most economic and 

effective strategies to minimize the losses caused by blight (Akem et al., 1999, Nene and 

Reddy, 1987). Reduction in the source of inoculum is the primary focus in the management 

of the disease that consists of planting of healthy seed, crop rotation with non host crop such 

as cereal, destruction of chickpea stubbles and deep sowing (Pande et al., 2005). Selection of 

disease-free seed will reduce the risk of seed-borne infection in new plantings (Gan et al., 

2006) and the seed lots for planting should be tested for ascochta blight infection in 

accredited laboratories (Pearse et al., 2000). Large-sized seeds were more beneficial than 

small seeds, both in terms of yield and disease severity (Morrall, 2001). The use of solar 

heating is helpful in reducing the damage caused by seed-borne pathogens. Chaube, (1987) in 

India reported that solarisation of infected seeds for 15 days resulted in reduced disease level 

of ascochyta blight. Ascochyta rabiei propogules can survive on infected debris for several 

years (Navas-Cortes et al., 1995; Gossen and Miller, 2004). Disease plant debris is the key 

source of primary infection in the field (Luthra et al., 1935). Field sanitation also plays a vital 

role in any crop disease management program. As rain splash could be a source of inoculum 

by spreading ascochyta blight, infected debris in adjacent fields so the burial of infected 

debris reduced the viability of ascospores and the survival of the pathogen (Kaiser, 1973). 

Cultivation of chickpea in a field within range of 100m, the adjacent field with ascochyta 
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infected debris resulted in severe ascochyta blight (Trapero-Casas and Kaiser 1992a). Navas-

Cortes et al, (1995) reported that the viability was reduced to 5-6 months when buried in the 

soil otherwise the fungus remained viable for 2 years in chickpea debris. Gossen and Miller 

(2004) studied that due to variation in the air temperature, the fungus survived for 4 years on 

the surface. Navas-Cortes et al. (1995) conducted study and found that pycnidia were formed 

when debris was buried and the pseudothecia formed at a depth of 10 cm, they were 

abnormal, making ascospore production scarce, further the debris on the surface had higher 

levels of colonization of A. rabiei than when buried, and the depth of burial had no 

significant impact. Despite being an effective means of controlling ascochyta blight, burial of 

debris is not being practics in many parts of the world, where reduced tillage is used to 

conserve soil moisture and organic matter. Crop rotation with non-host crops is another 

strategy that helps to reduce the background level of ascocchyta blight inoculum. 

Effectiveness of crop rotations entirely depends upon the environmental conditions and in 

tropical regions, a break of 1-2 years between chickpea cultivation reduced the disease 

severity (Kaiser et al., 2000), whereas in the temperate regions, planting of non-host plants 

was recommended for four years between successive chickpea crops (Gossen and Miller, 

2004). Altering the sowing time, late or early in order to avoid exposure of plants to 

ascospores, depending upon the time of epidemics, could minimize the damage caused by 

ascochyta (Gan et al., 2006). Proper and timely application of balanced fertilizer like use of 

potassium fertilizer in soils with higher contents of nitrogen definitely helped to retard the 

ascochyta blight (Pande et al., 2005). Burning of source of inoculum is an important measure 

but not preferred because it adversely affects the soil organic matter and essential nutrients. 

2.8.2 Biological control 

Different antagonistic micro-organisms can be utilized to control plant pathogens in 

host pathogen interaction. The experiments with Ascochyta rabiei, showed that upon burial 

of inoculum in the sterilized soil, resulted in production of pseudothecia and pycnidia more 

uniformly and rapidly than in natural soil, indicating that the fungus was affected by other 

saprophytic microorganisms present in that soil (Navas-Cortéz, 1992). The antagonistic 

activity of Trichoderma viridi greatly influenced the growth and survival of A. rabiei (Wang 

et al., 2003), while in Pakistan a strain of Rhizobium named Thal-8, proved to be very 

effective by producing an acid that is antifungal in nature and limits the growth of A. rabiei 



 28

in soil (Khokhar et al., 2001). The efficacy of Aureobasidium pullulans and Conostachya 

rosea under the laboratory conditions demonstrated that both A. rabiei and D. rabiei stages 

were inhibited (Dugan et al., 2005). Botanical extracts with antimicrobial activity are being 

used to control various insect pests and pathogens. Aqueous extract of onion (Allium cepa) 

has shown antifungal activity against A. rabiei (Khan et al., 1998). Biological control is 

relatively less effective in combating pathogens than insect pests (Butt et al., 2001). 

However, biological control could be included as one of the components of the integrated 

disease management strategies for ascochyta blight of chickpea. 

2. 8. 3 Chemical control 

The disease has been controlled by the use of seed dressing and foliar sprays that is being 

summarized here; 

2. 8. 3.1 Seed treatment 

The application of fungicides, both seed dressing and foliar proved to be effective but 

their repeated application makes it uneconomical particularly in the area where the net return 

is quite low. Ascochyta blight is seed-borne and infested seed is an important source of 

primary inoculum in the field (Nene and Reddy, 1987; Dey and Singh, 1993). As a result 

seedlings emerging from infected seeds showed severe disease development (Maden et al., 

1975). Under the condition when disease-free seed is not available, seed treatment is 

preferred to prevent spread of the disease. Seed treatment for controlling ascochyta blight 

was in practice in India since the 1930s (Sattar, 1933). Seed with ascochyta blight infection 

levels below 0.3% are required to qualify for crop insurance in Canada (Pearse et al., 2000). 

Thiabendazole applied with benomyl was more effective than when applied alone (Kaiser 

and Hannan, 1988). Disease transmission was reduced by more than 95% when the seeds 

were treated with benomyl (Demirci et al., 2003). Application of benomyl, thiram, 

carbendazim and chlorothalanil reduced the transmission by more than 90% (Demirici et al., 

2003). The performance of seed treatments in the field depended on environmental 

conditions (Demirci et al., 2003). Seed treatments did not completely eradicate the pathogen 

from seed and disease could still be transmitted from seed to seedlings (Kaiser and Hannan, 

1987). Although seed treatment with systemic fungicides was effective in minimizing hyphal 

development and sporulation of A. rabiei, control of D. rabiei was not adequate (Shtienberg 
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et al., 2000). The application of some fungicides may reduce losses and their use is not 

economical if disease pressure is high further the use of fungicides, follow by good 

agronomic practices to keep crop healthy and do not grow chickpea outside of the area of 

best adaptation (Shahid et al., 2008). 

2. 8. 3.2. Foliar application of fungicide 

Research in different part of the world has shown that applications of foliar fungicide 

are not cost effective when Ascochyta blight severity is very low. When there is chance of 

rain, applications of a foliar fungicide once or twice significantly increase seed yield and 

quality. As Ascochyta rabiei is polycyclic pathogen, one time application of fungicide will 

control only one of the disease cycles, it will not prevent further infection of the pathogen 

(Kaiser and Hannan, 1988). Fungicide application strategies depend upon environmental 

conditions that may alter the level of resistance in the cultivar and the efficacy of the 

fungicides (Davidson and Kimber, 2007). Under conducive environmental conditions, 

multiple applications of fungicides are required during the growing season to manage the 

disease but in some cases, even multiple applications of fungicides were not sufficient to 

control the disease (Shtienberg et al., 2000). The timing and number of fungicide 

applications are critical to achieve effective control of the disease and to attain the maximum 

crop yield (Shtienberg et al., 2000; Chongo et al., 2003). For maximum protection and 

control against the disease timely fashion ahead of rain is necessary (Shtienberg et al., 2006). 

Similarly, the timing and number of applications depends upon the weather conditions. 

Rainy, windy and humid conditions increase the chances of epidemic outbreak and thus 

influence the decision to spray. In case of severe infestation under favourable environmental 

condition, the spread of the disease is very rapid. It is very difficult to implement a fungicide 

schedule in susceptible varieties (Nene and Reddy 1987; Shtienberg et al. 2000) and under 

moderate epidemic, susceptible varieties may require four to six sprays to reduce the disease 

(Nene, 1982) and only under dry conditions can fungicide applications be reduced (Chongo 

et al., 2003). Many fungicides have been tested for their efficacy in ascochyta control. The 

fungicides registered for ascochyta blight control in chickpea differ among countries. Foliar 

application with protectant fungicides such as Bordeaux mixture (a.i. copper 

sulphate+hydrated lime), wettable sulphur (a.i. sulphur), maneb and captan could result in 

reduced disease levels (Nene, 1982). Chlorothalonil (BravoR), a contact fungicide was 
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effective against A. rabiei (Reddy and Singh, 1984). Experiments during the years 1999 to 

2000 proved that Chlorothalonil was superior to mancozeb and carbendazim with fortnightly 

sprays of chlorothalonil controlled ascochyta blight in all varieties but additional cost 

significantly reducd profitability (Bretag et al., 2008). Mancozeb (Dithane) was also tested to 

control chickpea ascochyta blight and was reported to be less effective (Chongo et al., 2003). 

Strobilurin fungicides, i.e. azoxystrobin and pyraclostrobin have been used in recent years. 

Azoxystrobin was found effective against A. rabiei (Demirci et al., 2003). An experiment 

was conducted to determine the sensitivity of A. rabiei isolates to the QoI (strobilurin) 

fungicides azoxystrobin and pyraclostrobin by using an in vitro spore germination assay. The 

results showed that under greenhouse conditions, QoI-resistant isolates of A. rabiei caused 

significantly higher amounts of disease than sensitive isolates on azoxystrobin- or 

pyraclostrobin-amended plants (Wise et al., 2009). Gossen, (2004) found that some isolates 

of A. rabiei were resistant to strobilurin fungicides. Boscalid (Lance) was also effectively 

controlling the disease (Chongo et al., 2000). The efficacy of foliar fungicide application 

depends on the longevity of the fungicide and foliage coverage, 

2.8.4 Screening of chickpea germplam for sources of resistance 

The most realistic approach for the management of Ascochyta blight relied on the 

identification of resistance germplasm through screening in the field and in the controlled 

environment (Muehlbaur and Singh, 1987; Reddy and Singh, 1990b) and development of 

resistant varieties through usual procedures. Even though Ascochyta blight has been known 

for almost 90 years, a little progress has been made on its control through the use of host-

plant resistance (Reddy and Singh, 1990b; Singh and Reddy, 1991). The development of 

varieties resistant to Ascochyta blight has been slow over the past 60 years due to lack of 

availability of high-level, stable sources of resistance (Reddy et al., 1992). One of the 

limitations towards resistance breeding against Ascochyta blight is that the procedures for 

screening and scoring resistance out of germplasm and methodologies of breeding lines for 

resistance have lacked uniformity among the various programs run worldwide (Tivoli et al., 

2006). Screening done in Faisalabad by Alam et al.(2003) found that chickpea lines 

CM1966/93, CMC77S, CM843/98, CM 12223/ 98, CM 1441/98, CM 2070/98,  CC104/99, 

CC106, CC124/00 were highly resistant to Ascochyta blight, as compared to earlier released 

varieties (CM72, CM88 and CM 2000). Iqbal et al., (2004) in screening trials at Islamabad 
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tested 355 chickpea germplasm against Ascochyta blight at seedling stage under green house 

condition during the rabi season of 2003-04, 15 genotypes (NCS9904, CM 72, ILC3279, 

NCS9911, Dasht, 30173, KK -12, KK-13, FLIP 97-116C, FLIP99- 48C, ILC7795, FLIP97-

194C, FLIP97-217C, FLIP98-22C, FLIP98-56C, and FLIP98-44C), with disease rating 3 

were  considered resistant, 81 genotypes were found moderately resistant with disease rating 

of 4 to 5 and 259 were regarded as susceptible having a disease rating of 6-9. Eight of the 

resistant genotypes were identified from accessions obtained from ICARDA Syria, 4 from 

NARC, Islamabad, 2 from chickpea research station from Krak and 1 from NIAB, 

Faisalabad. Out of 495 promising lines received from ICARDA, Syria, NARC, Islamabad, 

NIAB Faisalabad, AZRI, Bhakar, RARI, Bahawalpur, Pakistan screened against Ascochyta 

blight during the 2004-05, cropping season, only FLIP 97-132C, FLIP 98-226C and FLIP 98-

231 C were resistant (Iqbal et al., 2005). Similarly Malik et al., (2006) screened 355 chickpea 

germplasm lines for resistance to Ascochyta blight under green house conditions. The 

genotypes were grouped into 3 categories on the basis of disease severity: resistant (1-3 

rating), moderately resistant/tolerant (4-5 rating) and susceptible (6-9 rating). Ten genotypes 

were found to be resistant, 32 genotypes were found to be moderately resistant, whereas all 

the others were susceptible. In search of additional genes for resistance, wild relatives of 

crops have received increased attention because they often possess genes that confer 

resistance to biotic stresses (Molhotra, et al., 2000, Tivoli et al., 2006). 

Resistance to Ascochyta blight has been found in accessions of C. echinospermum 

P.H. Davis, C. reticulatum Ladiz and C. bijugum K.H. Rech. (Collard et al., 2001, 2003; 

Harware et al., 1992). For non-cross-compatible species, the rescue of ovules and their in-

vitro culture could be a solution for crossing reproductive barriers for successful crosses 

between mates with genetic incompatibilities (Singh and Ocampo, 1997). 

2.9 Integrated disease management  

The conventional approaches for disease control have not stimulated an active holistic 

approach to disease management. As a result, some potentially useful integration and 

combination of techniques have been attempted. Integrated disease management includes all 

the management strategies in compatible manners to keep the losses below economic injury 

level. Integrated disease management is essential to get benefit from the cultivars with partial 
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resistance. Research during the last few decades have proven that integrated management of 

Ascochyta blight of chickpea depends upon the use a combination of disease free seed 

(Morrall, 2001), destruction and avoidance of inoculum source (Wallen and Jeun, 1968) and 

manipulation of sowing dates (Gan et al., 2002; Siddique and Bultynck, 2004). Moderately 

resistant cultivars sown early produced 15-300% greater grains yield than those sown late 

(Siddique and Sedgley, 1986; Gen et al., 2002) and also the use of seed and foliar fungicides 

(MaCleod and Gallway, 2002; Chongo et al, 2003), sowing of cultivars with improved 

resistance (Malik et al, 2006) help in the integrated management of the disease. The disease 

can also be managed as the growers should observe a break of 3-4 years between successive 

chickpea crops to minimise the risk of disease carry over from previous crops, and isolate 

crops from infected residues and volunteers (Bretag et al., 2008). Other cultural practices 

such as reducing plant canopy thickness and planting pathogen free seed help minimize 

disease epidemics (Akem, 1999). An understanding of pathosystems and inter relationship 

between the host, pathogen and the environment are essential in making correct decision for 

disease control (Davidson and Kimber, 2007). 

2.10. MECHANISMS OF RESISTANCE 

The mechanism of resistance lies in two different ways presented as under; 

2.10.1 Cultivar-specific response to infection 

The plant cell lost its normal shape and the cellular structure disintegrated soon after 

the hyphae expand in the subepidermal cells in the susceptible cultivars (Höhl et al., 1990), 

while in case of resistant cultivars; as the pathogen invades, plants show autofluorescence in 

the epidermal and palisade parenchyma cells, and the infected site turns brown immediately. 

Later on these autofluorescent spots later turn into necrotic spots (Höhl et al., 1990; Ilarslan 

and Dolar, 2002). As a result, growth of A. rabiei stops in the apoplastic space, whereas 

hyphae rapidly spread in the apoplastic space in susceptible cultivars and the lignified tissues 

and pith parenchyma of resistant cultivars are not invaded by the pathogen (Angelini et al., 

1993; Ilarslan and Dolar, 2002). The apoplastic space is the crossing point for plant-pathogen 

interactions and contains the gene product of plant and pathogen that are responsible for 

specificity of the disease interaction. The infection process is delayed in resistant cultivars, 

and the area in which the fungal colonization and pycnidium formation occur, is restricted. 
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The formation of necrotic flecks during the initial stages of disease development, as well as 

restriction of the growth of A. rabiei in the apoplastic space, is the indication that defense 

mechanisms in resistant chickpea cultivars are activated soon after infection. Most of the 

varieties of chickpea did not show complete resistance to A. rabiei and that the resistance 

present in superior cultivars is partial or incomplete. 

2.10.2 Preformed resistance 

There are array of defense mechanisms, present in the higher plants that help in 

resistance to the microbial attack, including inherent structural characteristics and 

constitutively accumulated or excreted secondary metabolites. The spore germination is 

greatly influenced by trichome characteristics, such as density of glandular hairs, and exudate 

activity (Armstrong-Cho and Gossen, 2005; Lai et al., 2000). Chickpea plant secretes acidic 

fluid from their glandular trichomes that accumulates on leaf surfaces under dry conditions. 

The main constituent of this exudates are malic acid (about 60%) and oxalic acid (about 

30%) with pH ranges from 0.4 to 1.3, (Lauter and Munns 1986; Rembold and Weigner, 

1990) and the volume and acidity of the exudate increases as the plants mature and the 

concentration of malic acid ranges from 0.3 to 38 mg mL–1 (Lazzaro and Thomson, 1995; 

Sahasrabuddhe, 1914). At high concentrations (>1.5 mg mL–1), of these exudates inhibit A. 

rabiei spore germination (Armstrong-Cho and Gossen, 2005). However, several studies 

conducted, did not allow correlating resistance to ascochyta blight with trichome density, 

acidity of exudate, or the activity of malate synthesis enzymes (Chand et al., 1988; Singh and 

Chand, 1997; Singh et al., 1996). Randhawa, 1994 found that there was highly significant 

relationship in density of glandular hair on ventral and dorsal sides, their number and 

population and size of stomatal aperture in the cultivars of four reaction groups (resistant, 

moderately resistant, moderately susceptible and susceptible), while, the difference between 

glandular hair on dorsal side, length of ordinary and glandular hair were non-significant. 

Other histological studies have demonstrated that phases of fungal development 

outside the plant e.g. spore germination, hyphal elongation, and appressorium formation, are 

almost identical for both resistant and susceptible cultivars (Angelini et al., 1993; Höhl et al., 

1990; Ilarslan and Dolar, 2002). The inhibitory effect of glandular exudates on spore 

germination and infection was greatly influenced due to dilution of exudate concentration by 
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rainfall. Moreover, any inhibitory effect of exudate concentration on disease development is 

overshadowed by genetic resistance in the host (Armstrong-Cho and Gossen, 2005). As the 

genetic resistance declines with the age of the host, these exudates may have a minor effect 

on A. rabiei infection (Chongo and Gossen, 2001; Singh and Reddy, 1993) and when volume 

and acidity of the exudate increase (Sahasrabuddhe, 1914). However, there is no report on 

the surface behaviour of the pathogen on older plants.  

Cell structure and the organization of cells into tissues play an important role in 

resistance to A. rabiei. Thickness of the outer wall of the stem epidermal cells and thickness 

of the first parenchyma cell layer in the stem are higher in resistant than susceptible cultivars 

(Venora and Porta-Puglia, 1993).Similarly, resistant cultivars have a thicker stem epidermis 

and hypodermis (Sarwar et al., 1996), as well as a greater number of xylem cells and xylem 

parenchyma cells in the inter-fascicular region, than susceptible cultivars (Angelini et al., 

1993). These preformed structural barriers may delay infection or limit fungal growth to 

particular host tissues.  

Many antimicrobial and secondary metabolites are accumulated by plant during the 

normal course of growth and development. These preformed antimicrobial compounds in 

healthy plants act as chemical barriers to infection and protect plants against attack by wide 

range of pathogens. Biochanin A (5,7-dihydroxy-4′-methoxyisoflavone) and formononetin 

(7-hydroxy-4′-methoxyisoflavone) are the main antifungal phenolic constituents of chickpea; 

they are present as aglycones, 7- O-glucosides, and 7-O-glucoside-6′′-malonates (Kessmann 

and Barz, 1987; Köster et al., 1983). These glucosyl conjugates are present at high 

concentrations in cortex and sub-epidermal layers of chickpea, where they occur as end 

products stored in the vacuoles (Mackenbrock et al., 1992). Massive amounts of 

antimicrobial phenolics are liberated from these conjugates after penetration takes place by a 

pathogen. These constitutively accumulating antifungal compounds may also have a role in 

infection-induced resistance (Mackenbrock and Barz, 1991). Cultivar-specific differences in 

the concentration of isoflavones and their glucosyl conjugates were not detected in non-

infected chickpea tissues (Weigand et al., 1986). 
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2.11 INFECTION-INDUCED RESISTANCE 

Upon infection by Ascochyta rabiei, numbers of biochemical substances are produced in the 

chickpea plant that is discussed under; 

2.11.1 Hydrogen-peroxide-mediated cell wall cross-linking 

During immno and histochemical studies of resistant and susceptible cultivars of 

chickpea have shown that release of hydrogen peroxide (H2O2) in the apoplast contribute 

towards the resistance in chickpea plants inoculated with A. rabiei. Several classes of 

enzymes produce H2O2 in the apoplast: plasma-membrane NADPH oxidases, cell-wall 

oxalate oxidases, peroxidases (PODs), and flavinand copper-containing amine oxidases 

(CuAOs) (Rea et al., 2002). CuAOs that is also known as diamine oxidases, occur at high 

levels in dicots (Angelini et al., 1990) and are loosely associated with plant cell walls that is 

the most abundant soluble proteins in the extracellular fluids of etiolated seedlings of pea, 

chickpea, lentil, and soybean (Angelini et al., 1990; Federico and Angelini, 1991; Laurenzi et 

al., 2001). The polyamines present in the apoplast were oxidized by the catalytic action of 

CuAOs, with concomitant production of H2O2 and ammonia (Bachrach, 1985) and plant 

peroxidases utilize this H2O2 in a number of reactions, including lignin and suberin 

biosynthesis, intra-molecular isodityrosine generation in hydroxyprolinerich glyoproteins, 

and cell wall cross-linking (Brady and Fry, 1997; Gross et al., 1977). Cross-linking of the 

cell wall during infection by pathogens markedly changes the extracellular matrix and, as a 

result, it slows or stops microbial penetration and phytotoxin diffusion. Inhibition of CuAOs 

reduces the defense response was confirmed in experiments where inhibitors of CuAOs were 

used (Rea et al., 1998, 2002). Both CuAO and POD levels were positively correlated with 

lignin deposition (Angelini et al., 1993; Laurenzi et al., 2001; Rea et al., 1998). The H2O2-

mediated rapid insolubilization of cell-wall structural proteins induced by elicitors has been 

reported in chickpea cell cultures (Otte and Barz, 1996). In addition, two glycine-rich 

proteins accumulate in chickpea plants, following wounding and infection by the pathogen 

(Cornels et al., 2000). 

A cultivar-specific difference in polyamine levels and CuAO and POD activities is 

observed in chickpea (Angelini et al., 1993). These are generally higher in cultivars resistant 

to A. rabiei. After infection, the activity of CuAO and POD and the levels of polyamine 
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increase more in resistant than in susceptible cultivars. Similarly, the increase in POD 

activity in leaves and stems is more pronounced and constant in resistant than in susceptible 

cultivars (Vir and Grewal, 1974). There is also a cultivar-specific difference in the localized 

expression of CuAO in healthy tissues. The CuAO is localized in cell walls of the cortex in 

susceptible cultivars, whereas it was most abundant in the xylem vessels in resistant cultivars 

(Laurenzi et al., 2001). It is not known if such variations in the expression of CuAO in 

healthy tissues have any implication for resistance to ascochyta blight.  

2.11.2 Production of PR proteins 

The defense related proteins produced by many plant species upon infection with 

oomycetes, fungi, bacteria, or viruses, or insect attack and are classified into 17 families of 

pathogenesis related proteins PRs (van Loon et al., 2006). Most PRs and related proteins are 

induced through the action of the signaling compounds salicylic acid, jasmonic acid, or 

ethylene and possess antimicrobial activities in vitro through hydrolytic activities on cell 

walls, contact toxicity, and perhaps an involvement in defense signaling. Major attention has 

focused on fungal chitinases and β-1,3- glucanases because it act alone or in synergy with β-

1,3-glucanases in degrading fungal cell walls and inhibiting fungal growth (Mauch et al., 

1988; Schlumbaum et al., 1986). Infection by A. rabiei induces strong accumulation of 

numerous proteins in the range of 15-100 kDa in the apoplastic space of chickpea leaves. 

These include chitinases and β-1,3-glucanases (Hanselle and Barz, 2001; Vogelsang and 

Barz, 1993) and thaumatin-like proteins (Hanselle et al., 2001). Basic and acidic isoforms of 

chitinase have been purified and characterized from infected chickpea plants (Vogelsang and 

Barz, 1993). The basic chitinase is located mainly in vacuoles in the intracellular space, 

while the acidic chitinase is located extracellularly (Hanselle and Barz, 2001; Vogelsang and 

Barz, 1993). The intracellular form must be released into the extracellular space to degrade 

fungal cell walls. Hydrolases located extracellularly directly confront the invading pathogen 

upon entry into the apoplast and play an important role in defense responses relatively to 

intracellular hydrolases. The activity of chitinase and β-1,3-glucanase enzymes increases in 

chickpea, following infection and reaches a maximum at 6 days after inoculation (Mridula 

and Sherma, 1992; Nehra et al., 1994; Vogelsang and Barz 1993). However, there are 

contradicting reports concerning line or cultivar specific differences in the accumulation of 

hydrolases. The resistant chickpea line E100Y showed a more pronounced induction of 
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chitinases than the susceptible line PB 7 after inoculation with A. rabiei (Nehra et al., 1994). 

A similar difference in the accumulation of chitinases was reported in the resistant line G 40 

and the susceptible ‘Pusa 209’ (Mridula and Sherma, 1992). In contrast, no differences in 

time or amount of hydrolase accumulation were detected between the resistant line ILC 3279 

and the susceptible line ILC 1929 (Hanselle and Barz, 2001; Vogelsang and Barz, 1993). 

Although the induction of hydrolases does not explain resistance to A. rabiei in all cultivars, 

high levels of hydrolase activity are often correlated with incompatible host-pathogen 

interactions. Induction of hydrolytic enzyme activity in chickpea after infection is a 

component of resistance in some cultivars. 

2.11.3 Accumulation of phytoalexins 

Plant in response to infection induce accumulation of antimicrobial, low molecular 

weight secondary metabolites known as phytoalexins that was first proposed in 1940 through 

several experimental approaches. They are usually restricted to the tissue colonized by the 

pathogen and to the cells surrounding the infection site; they are generally not present in 

healthy plants (Morrissey and Osbourn, 1999). Their activity is based on their ability to form 

complexes with extra-cellular and soluble proteins and with microbial cell walls, and to 

disrupt microbial membranes. The chickpea plants and cell cultures accumulate large 

quantities of negative isomers of pterocarpan phytoalexins, namely (-)-medicarpin and (-)-

maackiain after infection by the pathogen (Kessmann et al., 1988; Kessmann and Barz, 1987; 

Khirbat and Jalalali, 1998; Weigand et al., 1986). Phytoalexin accumulation is also induced 

by yeast extract. Therefore, it is unlikely that a host-specific elicitor is responsible for 

differential phytoalexin accumulation (Kessmann and Barz, 1987). High concentrations of 

phytoalexins are found in live cells adjacent to necrotic cells (Dolar and Gurcan, 1993; 

Weigand et al., 1986). Cell cultures of chickpea established from resistant and susceptible 

lines show stable cultivar-specific properties following elicitation (Daniel and Barz, 1990; 

Kessmann and Barz, 1987). The biosynthetic pathways for phytoalexins and most of the 

enzymes involved have been described (Barz et al., 1993; Clemens et al., 1993). These 

include the enzymes involved in flavonoid formation and conjugation and a pterocarpan 

specific end branch. Although cultivar-specific differences were not detected in the 

accumulation of constitutively formed isoflavones and their glucosyl conjugates in chickpea, 

such differences were detected in the accumulation of phytoalexins, following infection by 
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the pathogen and elicitation (Kessmann and Barz, 1987). Pronounced accumulation of 

phytoalexins occurs in resistant cultivars and cells derived from these plants (Daniel et al., 

1990; Gunia et al., 1991; Kessmann et al., 1988; Kessmann and Barz, 1987). Although A. 

rabiei has efficient mechanisms to degrade phytoalexins produced by chickpea, the ability to 

metabolize phytoalexins does not always confer tolerance to those compounds because the 

pathogen may perform the initial reaction or subsequent metabolism too slowly or the host 

plant may have higher concentrations of phytoalexins than the pathogen can degrade (Van 

Etten et al., 1989). The extent of disease produced by the pathogen is controlled by the 

balance between the relative rates of phytoalexin synthesis by the plant and phytoalexin 

degradation by the pathogen. It is reported that isolates of A. rabiei do not vary in their 

ability to metabolize phytoalexins, and only small quantitative differences are present in the 

rate of metabolite formation. However, there is a cultivar-specific difference in the 

accumulation of phytoalexins. It is likely that higher concentrations of phytoalexins in 

resistant cultivars contribute to delay in disease development and reduced disease severity.  

2.12 INDUCED RESISTANCE 

Induced resistance is an increased expression of natural defense mechanisms of plants 

against different pathogens provoked by external factors of various types and manifested 

upon subsequent inoculation (Edvera, 2004). Primarily disease control is based on the use of 

fungicides, bactericides and insecticides which are not only toxic to plants invaders, 

causative agents or vectors of plant diseases at the same time due to their hazardous nature 

both to human and environment, necessitates the search for new harmless means of disease 

control (Staub, 2001). The resistance in plants induced by pathogens was first recognized by 

Ray (1901) and Beauverie (1901). Chester (1933) confirmed those studies, and, by 

summarizing field observations, supposed that this phenomenon may play an important role 

in the preservation of plants in nature. Convincing evidences however were obtained only in 

the 1960s, when reproducible models using tobacco plant were developed (Cruickshank and 

Mandryk, 1960; Ross, 1961a; Ross, 1961b; Mandryk, 1963). Greenhouse and field 

experiments in the laboratory of Kuc and coworkers paved the way to the present 

comprehension of induced resistance as a tool in plant protection (Kuc, 2001), this being 

supported by numerous authors from around the world (Schönbeck et al., 1993; Kessman et 

al., 1994; Schneider et al., 1996; Van Loon et al., 1998; Benhamou and Picard, 1999; Tally 
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et al., 1999; Cohen, 2001; Bokshi et al., 2003; Gozzo, 2003; Soylu et al., 2003). Exploiting 

uniquely the plant potential to combat pathogens, the induced resistance may diminish the 

use of toxic chemicals for disease control, and thus could be proposed as an alternative, non-

conventional, non-biocidal and ecologically-friendly approach for plant protection and hence 

for sustainable agriculture (Sherma et al, 2006). 

2.12.1 Induce resistance by chemicals 

The use of chemicals as inducers of resistance is an area of extensive work aiming at 

developing new compounds for disease control meeting the requirements for safe application 

in greenhouse and fields conditions, with certain advantages, namely: no direct toxicity to 

pathogens; no toxicity to plants and animals; no negative effects on plant growth, 

development and yield; broad spectrum of defense; low loading amount; long lasting 

protection; low economical cost for farmers; good profit for producers (Kessman et al., 1994; 

Tally et al., 1999; Kuc, 1987). Chemical inducers of plant resistance possess quite different 

mode of action as compared to fungicides and pesticides. The latter products have direct 

toxic effect on pathogens; are noxious to the environment; have narrow spectrum of defense; 

ensure shortly lasting protection; are economically costly (Schönbeck et al., 1993; Tally et 

al., 1999; Kuc, 2001). A large array of chemical products are shown to induce SAR in 

tobacco including salicylic acid, isonicotinic acid (INA), benzothiadiazole (BTH), ß-

aminobutyric acid (BABA), NaClO3, HgCl2, paraquat, polyacrylic acid, SiO2, etc. 

Chemically-induced SAR has been found to be effective against fungi, bacteria and viruses, 

namely Peronospora tabacina, Cercospora nicotianae, Phytophthora parasitica var. 

nicotianae, Pseudomonas syringae pv. tabaci, TMV (Lyon et al., 1995; Strobel and Kuc, 

1995; Schneider et al., 1996; Kuc, 2001). Kone et al., (2009) recently studied the induction 

of disease resistance in Phytophthora capsici on squash by the application of DL-3-

aminobutyric acid (BABA), 2,6- dichloroisonicotinic acid (INA), Saver (a.i. salicylic acid), 

Syrup (nutrient supplement), and acibenzolar-Smethyl (ASM) on the mycelial growth in vitro 

study and found that only Saver reduced mycelial growth and sporangium production 

significantly at 100 mgml-1 or higher concentrations while under greenhouse experiments all 

the products reduce the disease severity. Under the field trials Messenger (a.i. Harpin 

protein), Phoenix (a.i. Potassium phosphite) and Rigel (a.i. Salicylic acid derivative) against 

Venturia inaequalis and Venturia pirina confirmed the protection when applied at three 
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growth stage as compared at two growth stage (Percival et al., 2009). The usefulness of 

salicylic acid as resistance inducer was studied in turmeric plant against Pythium 

aphanidermatum, an oomycetes, soil-borne fungi. The results clearly demonstrated that 

pretreatment elicited marked increases in the activity levels of protease, trypsin and 

chymotrypsin inhibitors, soluble and ionically bound peroxidase activity than control plants 

(Radhakrishnan and Balasubramanian, 2009) 

2.12.1 Induce resistance by plant extracts 

Role of plant extracts in inducing resistance against plant pathogens has been reported 

by different researchers. Guleria and Kumar, (2006) found that aqueous leaf extract of neem 

Azadirachta indica gave control of Alternaria leaf spot of sesame by increasing the level of 

PAL (Phenlalanine ammonia lyase), peroxidase, and contents of phenolic compounds. The 

efficacy of neem leaf extract has also been reported by Paul and Sharma, (2002) and the 

extract had the same effect as that of bavistin in managing the leaf stripe pathogen of Barley. 

There is also increase in the activity of PAL and tyrosine ammonia lyase (TAL) with more 

frequent accumulation of phenolic compounds. Antimicrobial activity and induction of 

systemic resistance by leaf extract of Datura metal against Rhizoctonia solani and 

Xanthomonas oryzae pv oryzae in rice has been investigated (Kagale et al., 2004) and it was 

found that foliar application of leaf extract effectively reduces the incidence of sheath blight 

and bacterial blight of rice by the accumulation of pathogenic related proteins and other 

defense related compounds under green house conditions. Extract from Allium satium has the 

ability to reduce the plant diseases (Slusarenko et al., 2008) and it has been effectively used 

against different plant pathogens like Alternaria solani, Pseudomonas syringae pv. tomato 

(Pst), Xanthomonas vesicatoria (Xv) and Clavibacter michiganensis subsp. michiganensis 

(Cmm) of tomato and induce disease resistant Balestra et al., 2009; Latha et al., 2009. The 

disease controlling ability of Datura metel against plant pathogens and as inducer of 

resistance is well documented in the literature as A.rabiei (Shafique and Shafique, 2008), 

Pennisetum glaucum, Sclerospora graminicola in pearl Millet (Devaiah et al., 2009) Very 

little work has been done on this fascinating field of plant protection for the management of 

Ascochyta blight in chickpea. Only Chaudhry et al, (2001) reported that application of 

salicylic acid, dipotassium hydrogen sulphate and cuprous chloride significantly reduced the 

disease incidence. The total phenolic contents were enhanced in treated plants as compared to 
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control ones. Similarly Sarwar et al, (2005) studied the induction of systemic resistance 

against Fusarium wilt by the seed treatment with salicylic acid and BION. On the basis of 

disease rating done after root cutting, wilt incidence was significantly less in chemically 

treated plants as compared to control ones. 
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Chapter III 

Selection of chickpea varieties/lines for the source of resistance against 

ascochyta blight 

Abstract 
 

In order to have resistance material two hundred and seventy seven advanced lines of 

chickpea received from various research organizations were screened during the Rabi season 

2005-06 for the source of resistance against chickpea blight disease by artificial inoculation 

of the germplasm with pycniosspore suspension of the pathogen. The screening revealed 02, 

38, 39, 49 and 149 lines to be highly resistant (immune), resistant, moderately resistant, 

susceptible and highly susceptible. Out of 126 lines received from Pulses Research Institute, 

(PRI) Faisalabad, none of the lines responded highly resistant or resistant while 12 lines such 

as 06025, 06026, 06027, 06031, 06035, 06040, 06041, 06056, Vinhar, Bitter-98, Pb-2000 

and Paidar-91 responded to be moderately resistant. Out of 83 lines received from Nuclear 

Institute of Agriculture and Biology, (NIAB) Faisalabad, seven lines viz., 06223, 06224, 

06270, 06271, 06272, 06277 and 06278 displayed resistant response while other seven lines 

such as 06214, 06217, 06218, 06220, 06225, 06237, and 06279 exhibited moderately 

resistant response. Out of 36 advanced lines of National Agricultural Research Centre, 

(NARC) Islamabad, thirteen lines (CMC-70T, CMC-55D, NCS-0510, CMC-59S, NCS-0516, 

NCS-0602, NCS-0612, NCS-0613, NCS-0614, NCS-0616, NCS-0621, NCS-0623 and NCS-

0526) responded to be resistant while fourteen lines such as NCS-0518, NCS-0513, NCS-

0512, NCS-0610, NCS-0603,CMC-186M, NCS-0617, NCS-0619, NCS-0620, NCS-0625, 

NCS-0527, NCS-0529, NCS-0531, and Pb-2000 responded to be moderately resistant. Out of 

32 advanced lines received from International Crop Research Institute for the Semi Area 

Tropics, (ICRISAT) India, two lines such as EC-516792, ICCV-98815 were found to be 

highly resistant (asymptomatic). Eighteen lines (EC-516709, EC-516729, EC-516771, EC-

516793, EC-516878, EC-516895, EC-516934, EC-516957, EC-516967, EC-516974, EC-

517003, EC-517011, EC-517039, EC-517073, ICC-6304, ICC-6945, ICCV-04537 and 

ICCV-98818) exhibited moderately resistant response. Thus the germplasm of NARC, and 

that of ICRISAT, India, consisted of greater number of resistant lines as compared to that of 

NIAB, Faisalabad and PRI, Faisalabad. 
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3.1. Introduction 

Chickpea (Cicer arietinum L.), a post-monsoon rabi crop, is cultivated on an area of 

1073 thousand hectares of barani as well as irrigated area of Pakistan with an annual 

production 842 tones per hectare, an average yield being 784 kg/ha. (Anon., 2007). Thus 

production of this crop is very low as compared to the production in other chickpea growing 

countries, due to several biotic and abiotic factors affecting the crop. Among the biotic 

factors responsible for reducing the yield of chickpea in Pakistan is the blight disease, caused 

by Ascochyta rabiei (Pass.) Labr. In Pakistan, the disease may result in 50-70% crop losses 

(Malik and Bashir, 1984) and under conditions conducive for the development of disease; 

losses may run to complete failure of the crop (Nene, 1984). The disease expresses itself as 

circular spots on leaves and pods and as elongated lesions on petioles and stems. The spots 

on leaves may coalesce and the entire leaf may become scorched. Seeds within the pods may 

also develop lesions and become shriveled (Nene, 1982; Akeem, 1999). The pathogen 

survives and the disease perpetuates through infected seeds and crop refuses (Kaiser et al., 

1973; Maiden, 1987). The pathogen has been reported to be highly variable and consists of 

several patho-types and races (Luthra et al., 1939; Bedi and Aujla, 1969; Vir and Grewal, 

1974; Reddy and Kabbabeh, 1985; Singh, 1990; Jamil et al., 1995, Sarwar et al., 2000). The 

disease can be managed by the removal and destruction of dead plant debris, crop rotation, 

deep sowing of seed (Sattar, 1933), inter-cropping of chickpea with cereals (Luthra and Bedi, 

1935), by fungicidal seed treatment (Tripathi et al., 1987) and foliar application of fungicides 

(Kaiser et al., 1973; Singh and Singh, 1990) but the use of host resistance is the most 

effective and economical way of management of Ascochyta blight of chickpea (Reddy and 

Nene, 1987). However, the presence of physiological is one of the problems in exploiting 

host resistance (Singh and Pal, 1993). This study was undertaken with the objective to 

identify the sources of resistance against Ascochyta blight disease by screening of chickpea 

germplasms originated from Pulses Research Institute, Faisalabad, NIAB, Faisalabad, 

NARC, Islamabad and ICRISAT, India. 

3.2. Materials and methods 

Two hundred and seventy seven advanced lines of chickpea received from Pulses 

Research Institute, Faisalabad (126), NIAB, Faisalabad (83), NARC, Islamabad (36), and 
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ICRISAT, India (32) Table 1 were planted and screened in field research area of the 

Department of Plant Pathology, University of Agriculture, Faisalabad for the source of 

resistance against Ascochyta blight disease by artificial inoculating of the germplasm 

mentioned above. The screening was carried out during the rabi season of 2005-06. Each of 

the test lines was sown in single row sub-plot of 4 meter long with row to row distance 30cm 

and plant to plant distance 15cm. One row of highly susceptible cultivar, Pb-1, was planted 

after every two test lines as a spreader-cum-indicator row. A susceptible cultivar KC-4991 

was also included in the ICRISAT material of the nursery as their local check. When most of 

test lines were in mid pod stage, the nursery was inoculated with a spore suspension of A. 

rabiei at the rate of approximately 200,000 spores per ml of the H2O. 

3.2.1. Isolation of A. rabiei and preparation of its inoculum 

Previous year’s chickpea pods, severely suffering from characteristic blight 

symptoms were collected from chickpea field and refrigerated at 5-8°C until used for the 

isolation of A. rabiei. The isolation was carried out by the procedure followed by Ilyas and 

Iqbal (1986). Infected pods, by holding them in a forceps, were surface sterilized in the flame 

of spirit lamp in such a way that only charring of outer pod layer (and surface sterilization) 

could occur but the inner pod layer remained intact. The charred and surface sterilized pods 

were then pressed open and infected seeds were taken out of these pods aseptically with help 

of another flame sterilized forceps. The naturally A. rabiei infected seeds, thus obtained, 

were plated on autoclaved chickpea seed meal agar (CSMA) medium in Petri plates and were 

incubated at 20 ± 2°C for 15 days. The colonies of A. rabiei coming out of blighted seeds 

were isolated and purified by spore streak method (Pathak, 1986). The purified culture was 

maintained at 5°C until used. The composition of CSMA medium was: Chickpea seed meal 

20g, glucose 20g, agar agar 20g and sterilized water to make volume one liter. 

3.2.2. Mass culture of the fungal isolate 

The mass preparation of inoculum of A. rabiei was carried out by the method of Ilyas and 

Khan (1986). The materials used for mass preparation of inoculum were 30 x 24cm size 

polypropylene bags; 2.5cm plastic of the same diameter, cotton plugs and chickpea seeds. 

The chickpea seeds were soaked in tap water for about six hours and then were boiled for 

about 30 minutes. The boiled seeds were spread on paper towels to absorb free moisture and 

were surface dried. The soaked and boiled seeds were then put into polypropylene bags @ 
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500 g bag-1. The open end of each bag was passed through 2.5cm plastic ring. A cotton plug 

was inserted into the mouth of bag passing through the ring. The bags with seed inside were 

autoclaved at 20 lbs sq. inch-1 for 30 minutes twice with an interval of 24 hours with an idea 

to render them free from the bacterial endospres, if any. The seeds were then inoculated with 

A. rabiei by inserting three to four 6 mm agar plugs cut from a 15 days old culture of A. 

rabiei using sterile cork borer. Under aseptic condition in laminar flow chamber, 50 mg of 

streptomycin was also added to each bag in order to inhibit bacterial contamination. Upon 

cooling the bags were inoculated with A. rabiei culture grown in 90 mm petri dishes. After 

plugging the mouth of bags with cotton, these were incubated at 20 ± 2°C for 10 days for 

further development of pycnidial culture of A. rabiei. 

3.2.3. Inoculation of International chickpea blight nursery 

 At the time of artificial inoculation of test lines of the nursery plants pycnidial 

inoculum on chickpea seeds from 5-7 bags were thoroughly meshed in 20 liter of sterile 

water to prepare spore suspension of A. rabiei (200,000 spores/ml). The spore suspension 

was screened through a muslin cloth to remove seed debris and was sprayed on the test lines. 

The inoculation spray was applied every day in the evening till the development of blight 

symptoms on the susceptible chick lines. The development of blight was further aided by 

daily spray of water. The data on disease severity of test lines were recorded, when check 

lines were completely blighted and majority of their plants were dead, by using 1-9 grades 

disease rating scale described by Nene (1984). Where 1 (Asymptomatic immune), 2-3 

(Resistant), 4-5 (Moderately Resistant), 6-7 (Susceptible) and 8-9 (Highly susceptible) stand 

for various degrees of response. 

3.3. Results and Discussion 

 The screening of two hundred and seventy-seven advance lines of chickpea 

germplasms received from various research institutes revealed 02, 38, 39, 49 and 149 lines to 

be highly resistant, resistant, moderately resistant, susceptible and highly susceptible (Table 

3). Out of 126 lines received from PRI, Faisalabad, none of the lines responded immune or 

resistant while 12 lines such as 06025, 06026, 06027, 06031, 06035, 06040, 06041, 06056, 

Vinhar, Bitter-98, Pb-2000, and Paidar-91 responded to be moderately resistant. The 

remaining lines responded susceptible to highly susceptible (Table 2), out of 83 lines 

received from NIAB, Faisalabad, seven lines such as 06223, 06224, 06270, 06271, 06272, 
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06277, and 06278 displayed resistant response while another set of seven lines viz., 06214, 

06217, 06218, 06220, 06225, 06237, and 06279 exhibited moderately resistant response. 

Among the remaining lines of NIAB, 16 and 53 lines responded to be susceptible and highly 

susceptible respectively. Out of 36 advanced lines of NARC, Islamabad 13 lines i.e. CMC-

70T, CMC-55D, NCS-0510, CMC-595, NCS-0516, NCS-0602, NCS-0612, NCS-0613, 

NCS-0614, NCS-0616, NCS-0621, NCS-0623, and NCS-0626 responded to be resistant 

while 14 lines such as NCS-0512, NCS-0513, NCS-0518, NCS-0603, NCS-0610,CMC-186, 

NCS-0617, NCS-0619, NCS-0620, NCS-0625, NCS-0527, NCS-0529, NCS-0532, and Pb-

2000 responded to be moderately resistant. Among the remaining lines of NARC, Islamabad, 

07 and 02 were susceptible and highly susceptible (Table 2). Out of 32 advanced lines 

received from ICRISAT, India two lines such as EC-516792, ICCV-98815, were found to be 

asymptomatic i.e. highly resistant. Eighteen lines such as EC-516709, EC-516729, EC-

516771, EC-516793, EC-516878, EC-516895, EC-516934, EC-516957, EC-516967, EC-

516974, EC-517003, EC-517011, EC-517039, EC-517073, ICC-6304, ICC-6945, ICCV-

04537, and ICCV-98818 exhibited resistant response. The six moderately resistant lines were 

EC-516796, EC-516916, EC-517025, EC-517030, ICC-4033, and ICCV-04537. None of 

these 32 lines was susceptible but six advanced lines displayed highly susceptible response. 

The germplasm of NARC, Islamabad and that of ICRISAT, India consisted of greater 

number of resistant lines as compared to that of NIAB, Faisalabad and PRI, Faisalabad. 

The international chickpea blight nursery of ICRISAT, India and the blight nursery of 

NARC, Islamabad, includes mostly promising and resistant lines. The NARC, Islamabad, 

after local screening, supply these resistant lines to various research organizations within 

Pakistan while ICRISAT after local screening, supply their germplasm to various Research 

Organizations in different countries for their further evaluation against various races, patho-

types, virulences, etc. existing in the countries supplied with the germplasm. This is the 

reason why most of the chickpea lines of the nurseries of ICRISAT, India and NARC, 

Islamabad were found to be resistant to Ascochyta blight in Pakistan. These sources of 

resistance identified from chickpea blight nursery, can be exploited in breeding programs for 

the development of disease resistant commercial cultivars, if these are found to possess other 

desirable agronomic characters and passing through the proper channel of approval and 

obtaining the status of an approved variety. These can be released directly as commercial 
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cultivars. The results presented by Nasir et al., 2000 are similar to present studies when they 

screened 14 chickpea cultivars, 29 imported chickpea lines and 38 local breeding lines to 

four Australian isolates of Ascochyta rabiei and found that all of the Australian chickpea 

cultivars tested were susceptible to A. rabiei, however, seven imported lines and three local 

breeding lines were found to be resistant to A. rabiei. Ilyas et al., 2007 screened one hundred 

and seventy three germplasm lines/varieties of chickpea received from various research 

organizations against chickpea blight disease by artificially inoculating the germplasm under 

a plastic tunnel. Three lines viz., 03039, 03041 and 03053 of PRI, Faisalabad exhibited 

highly resistant response while 11 lines while five lines from NIAB, Faisalabad 03115, 

03131, 03133, 03143 and 03159 were found to be highly resistant A. rabiei infection. Three 

lines from Arid Zone Research Institute, Bukhar viz., 93A-086, 93A-111 and 93A-3354 

exhibited highly resistant response. Screening of 356 chickpea germplasm accessions of 

different origins revealed that none of the genotypes was found highly resistant. However, 

seven genotypes (FLIP94-90C, FLIP95-68C, FLIP95-47C, FLIP97-132C, FLIP97- 227C, 

FLIP98-224C and FLIP98-231C) were resistant and 75 were moderately resistant (Iqbal et 

al., 2002). Intensive resistance screening work is being regularly carried out at International 

Center for Agricultural Research in the Dry Areas, (ICARDA) Syria. Screening of 

germplasm accessions for resistance to six races of A. rabiei identified in Syria has resulted 

in identification of many lines possessing resistance to one or more races but not to all races 

(Singh and Reddy, 1990). Kabuli type germplasm accessions ILC-200, 3856, 5928 had 

resistance to five races. ILC-72, 2001, 2506, 2956, 3279 and Kabuli type breeding line flip 

83-48C had resistance to four races. The desi type germplasm accessions ICC-3996 was 

resistant to three races. Pal and Singh (1990) had reported that ILC-3864, 3870 and 4421 

were resistant to blight. In general ‘Kabuli’ type chickpea is more resistant than ‘desi’ type. 

Almost all the lines of chickpea showing multiple race resistance belong to Kabuli type. This 

could be due to the fact that the region (Asia Minor) which is supposed to be original habitat 

of chickpea almost exclusively cultivated Kabuli type (Singh and Reddy, 1990). In a study 

with five races of A. rabiei Singh and Pal (1993) found that out of 81 chickpea genotypes 

screened, none was resistant to all the races. Two genotypes GG-715 and ICC-76 were 

resistant to three races, while three genotypes, H 86-8, H 86-100 and HK 86-120 were 

resistant to two races. 
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Table: 1 List of cultivars/ lines from different sources for screening against A. rabiei 
disease 

Sources Varieties/test lines 
Pluses Research 
Institute, Ayub 
Agricultural Research 
Institute, Faisalabad 
(PRI) 

06025, 06026, 06027, 06031, 06035, 06040, 06041, 06056, 
Vinhar, Bittle-98, Pb-2000,  Paidar-91, Bitter-98, Balkasar, Pb-
91, C-44, 05141, 06005, 06006, 06020, 06022, 06023, 06042, 
06053, 06054, 06055, 06057, 06058, 06059, 06060, 02009, 
02023, 02044, 02075, 02093, 90261, 98004, 98154, 05142 to 
05182, 06001 to 06004, 06007 to 06019, 06021,06024, 06028, 
06029, 06030, 06032, 06036, 06037, 06038, 06043 to 06052, 
02004, 02006, 02052, 02060, 02080, 93127, CM-98, Pb-1 
(Local Check) 

Nuclear Institute of 
Agriculture and 
Biology, Faisalabad 
(NIAB) 

06223, 06224, 06270, 06271, 06272, 06277, 06278, 06214, 
06217, 06218, 06220, 06225, 06237, 06279, 06203, 06205, 
06219, 06221, 06233, 06239, 06252, 06275, 06278, 06260, 
06264, 06265, 06266, 06268, 062174, 06282, 06201, 06202, 
06204, 06206 to 06213, 06215, 06216, 06222, 06226 to 06232, 
06234, 06236, 06238, 06240 to 06251, 06253 to 06256, 06259, 
06261 to 06263, 06267, 06269, 06273, 06275, 06276, 06280, 
06281, Pb-1 (Local Check) 

National Agricultural 
Research Center, 
Islamabad (NARC) 

CMC-70T, CMC-55D, NCS-0510, CMC-59S, NCS-0516, 
NCS-0602, NCS-0612, NCS-0613, NCS-0614, NCS-0616, 
NCS-0621, NCS-0623, NCS-0626, NCS-0518, NCS-0513, 
NCS-0512, NCS-0610, NCS-0603,CMC-186M, NCS-0617, 
NCS-0619, NCS-0620, NCS-0625, NCS-0527, NCS-0529, 
NCS-0531 and Pb-2000, NCS-0515, NCS-950259, NCS-0611, 
NCS-0615, NCS-0618, NCS-0534, NCS-0533, NCS-0622, 
CM-2000, Pb-1 (local Check) 

International Crop 
Research Institute for 
the Semi Area Tropics 
(ICRISAT), India  

EC-516792, ICCV-98815, EC-516709, EC-516729, EC-
516771, EC-516793, EC-516878, EC-516895, EC-516934, 
EC-516957, EC-516967, EC-516974, EC-517003, EC-517011, 
EC-517039, EC-517073, ICC-6304, ICC-6945, ICCV-04537,  
ICCV-98818, EC-516796, EC-516916, EC-517025, EC-
517030, ICC-4033, and ICCV-04537, ICC-12968, ICC-14344, 
ICC-15996, ICC-4991, ICC-4991 (Check), Pb-1 (local Check) 
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Table: 2 Response of cultivars/ lines from different sources after artificial inoculation 
with A. rabiei 

Disease rating Response Varieties/test lines 
1 Highly resistant 

(Asymptomatic) 
EC-516792, ICCV-98815 

2-3 Resistant 06223, 06224, 06270, 06271, 06272, 06277, 06278, 
CMC-70T, CMC-55D, NCS-0510, CMC-59S, 
NCS-0516, NCS-0602, NCS-0612, NCS-0613, 
NCS-0614, NCS-0616, NCS-0621, NCS-0623, 
NCS-0626, EC-516709, EC-516729, EC-516771, 
EC-516793, EC-516878, EC-516895, EC-516934, 
EC-516957, EC-516967, EC-516974, EC-517003, 
EC-517011, EC-517039, EC-517073, ICC-6304, 
ICC-6945, ICCV-04537,  ICCV-98818 

4-5 Moderately 
Resistant or 
Moderately 
Susceptible 

06025, 06026, 06027, 06031, 06035, 06040, 06041, 
06056, Vinhar, Bitter-98, Pb-2000,  Paidar-91, 
06214, 06217, 06218, 06220, 06225, 06237, 06279, 
NCS-0518, NCS-0513, NCS-0512, NCS-0610, 
NCS-0603,CMC-186M, NCS-0617, NCS-0619, 
NCS-0620, NCS-0625, NCS-0527, NCS-0529, 
NCS-0531 and Pb-2000, EC-516796, EC-516916, 
EC-517025, EC-517030, ICC-4033, and ICCV-
04537 

6-7 Susceptible Bittle-98, Balkasar, Pb-91, C-44, 05141, 06005, 
06006, 06020, 06022, 06023, 06042, 06053, 06054, 
06055, 06057, 06058, 06059, 06060, 02009, 02023, 
02044, 02075, 02093, 90261, 98004, 98154, 06203, 
06205, 06219, 06221, 06233, 06239, 06252, 06275, 
06278, 06260, 06264, 06265, 06266, 06268, 
062174, 06282, NCS-0515, NCS-950259, NCS-
0611, NCS-0615, NCS-0618, NCS-0534, NCS-
0533 

8-9 Highly 
Susceptible 

05142 to 05182, 06001 to 06004, 06007 to 06019, 
06021,06024, 06028, 06029, 06030, 06032, 06036, 
06037, 06038, 06043 to 06052, 02004, 02006, 
02052, 02060, 02080, 93127, CM-98, Pb-1 (Local 
Check), 06201, 06202, 06204, 06206 to 06213, 
06215, 06216, 06222, 06226 to 06232, 06234, 
06236, 06238, 06240 to 06251, 06253 to 06256, 
06259, 06261 to 06263, 06267, 06269, 06273, 
06275, 06276, 06280, 06281, Pb-1 (Local Check), 
NCS-0622, CM-2000, Pb-1 (local Check), ICC-
12968, ICC-14344, ICC-15996, ICC-4991, ICC-
4991 (Check), Pb-1 (local Check) 
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Table: 3 Category wise numbers of cultivars/ lines from different sources after artificial 
inoculation with A. rabiei 

 
 Pluses 

Research 
Institute, 
(PRI) 

Nuclear Institute 
of Agriculture 
and Biology, 
Faisalabad 
(NIAB) 

National 
Agricultural 
Research Center, 
Islamabad 
(NARC) 

International Crop 
Research Institute for the 
Semi Area Tropics, 
(ICRISAT), India  

1 - - - 02 
2-3 - 7 13 18 
4-5 12 7 14 06 
6-7 26 16 07 - 
8-9 88 53 02 06 
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Chapter IV 

Effect of ascochyta blight on the agronomic characters of selected chickpea 

cultivars/lines 

Abstract  
 
An experiment was conducted at the research area of the Department of Plant Pathology, 

University of Agriculture, Faisalabad to determine the effect of inoculation with ascochyta 

blight on the yield and various agronomic characters of forty nine susceptible chickpea 

cultivars in order to select suitable or high yielding variety/varieties for induction of 

resistance in the coming experiments. The character of yield was given the priority as it is the 

ultimate demand of the farmers. The results revealed that the three chickpea cultivars C-44 

with (575 kg h-1), Bittle-98 (543.75 kg h-1) and Pb-91 (533.50 kg h-1) with highest yield 

potential were selected for induction of resistance. These cultivars also showed good results 

under the artificial inoculated conditions with (144.6 kg h-1), (132.8 kg h-1) (111.2 kg h-1). 

Keywords: cultivars, yield, ascochyta blight, inoculation 

4.1 .  Introduct ion 

Chickpea (Cicer arietinum L.) is ranked 3rd among the legume crop in the world after 

dry bean (Phaseolus vulgaris L.) and pea (FAO, 1994). It accounts for 12% of the production 

of legumes, with a 1.9% annual growth rate of chickpea production during the last 20 years. 

It is the major source of human dietary protein as its seed contains 20-22% protein and 

improves the fertility of the soil by fixing the atmospheric nitrogen (Gan et al., 2006). In 

Pakistan, it is cultivated as a post mon-soon winter crop on an area of about 1028.9 thousands 

hectares with a production of 479.5 thousands tones and yield of 446 Kg ha-1 (Anon, 2006) as 

compared to 1767 Kg ha-1 in Egypt, 1093 Kg ha-1 in Morocco, 1049 Kg ha-1 in Iran, 1818 Kg 

ha-1 in Lebanon and 1256 Kg ha-1 in Turkey (Saxena and Singh, 1984). Different biotic and 

abiotic factors are responsible for its low yield in Pakistan (Ilyas et al., 2007). Ascochyta 

blight, Fusarium wilt, stunt virus disease and grey mold are among the biotic factors which 

reduce the chickpea yield in the country. 

Blight caused by Ascochyta rabiei (Pass.) Labrousse, was first reported in Pakistan 

during 1911 (Butler, 1918) which is now reported to occur in all the major chickpea growing 

countries of the world (Akem, 1999; Khan et al., 1999; Kaiser et al., 2000; Chongo et al., 

2003). Several epidemics of this disease have been reported in the past in different countries 
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of the world (Kausar, 1965; Nene and Reddy, 1987) due to conducive environmental 

conditions and genetic back ground of both the cultivars and pathogen population (Peever et 

al., 2004). This disease causes considerable damage to the chickpea seed yields and quality 

significantly and under the circumstance the losses may reach up to 100%. The yield losses 

due to this disease have been reported in 35 countries of the world (Nene et al., 1996) that 

include Australia (Ackland et al., 1998; Knights and Siddique, 2002), Canada (Chongo and 

Gossen, 2001), Latin America (Kaiser et al., 2000), the United States of America (Kaiser and 

Muehlbauer, 1989) and Western Asia (Akem et al., 2000). 

The pathogen has been reported to be highly variable and consists of several virulent, 

patho-types or races that have been demonstrated since 1960s (Aujla, 1964). The conscience 

is yet to develop that either the variability is due to races or due to aggressiveness of single 

race (Mmbaga, 1997). This disease can be managed by the application of chemicals, host 

plant resistance but the most feasible is integrated disease management (Toker and Canci, 

2003) including host plant resistance and improved agricultural practices. 

Several International Research Institutes like ICARDA run program in close 

cooperation with the International Crops Research Institute for the Semi Arid Tropics 

(ICRISAT) and the National Agricultural Research Systems (NARS) of West Asia and North 

Africa (WANA) has improved several winter chickpea agronomic characteristics (Singh and 

Saxena, 1996). Various agronomic characters like plant architecture, plant population, alter 

sowing dates, pod plant-1, (Bellido et al., 2008) seeds pod-1, thousand seed weight, days to 

flowering, and days to maturity play an important role in the severity of ascochyta blight in 

chickpea. The objective of this study was to select the cultivars with good agronomic 

particularly with good yield that can be further employed for the induction of resistance. 

4.2 .  Mater ia ls  and methods  

Forty nine chickpea varieties/lines that showed susceptible response in the pervious 

year experiments were evaluated for their yield potential and other agronomic characters in 

2006-07 (November-April) at the experimental area, Department of Plant Pathology, 

University of Agriculture, Faisalabad. The lines were arranged in a randomized complete 

block design (RCBD) and replicated three times. Each entry was planted in a 4-row plot of 5 

m length and an inter row distance of 50 cm. One seed was dibbled in furrows 10 cm apart. 

At early flowering stage the fields were sprayed with the spore suspension of A. rabiei 
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@1x105 spores L-1 with the help of sprayer in the evening and this was repeated until the 

appearance of the symptoms on the susceptible check. A parallel field of same germplam was 

also maintained which was separated with respect to space and was untreated rather it was 

sprayed with suitable fungicides in case of natural infection and drift. Other optimum cultural 

requirements from planting to harvesting were followed to permit expression of genetic 

potential. Thirty kg nitrogen (N) ha-1, 30 kg P2O5 ha-1, and 30 kg K2O ha-1 were applied in 

the field at planting time. Spraying of Lannate® and Thiodan® was done 30 and 45 days after 

planting (DAP), respectively against leaf defoliators. Decis 2.5 EC was sprayed at 60 DAP to 

control pod borer. Harvesting was done when about 95% of the pods were mature. The data 

regarding various agronomic characters were taken from the two inner rows of each plot and 

data on yield of both the set of experiments (inoculated and un-inoculated with spore 

suspension) was recorded to compare the yield under disease free condition and induction of 

disease artificially. 

4.3 .  Resul ts  and Discuss ion 

There were highly significant differences (P <0.01) in yield kg h-1, (Table 4) days to 

flowering, and days to maturity, (Table 5 & 6) among the different genotypes evaluated 

under disease free and artificial inoculated disease condition. The highest mean yield kg h-1 

was given by C-44 with (575 kg h-1) followed by Bittle-98 (543.75 kg h-1) and Pb-91 (533.50 

kg h-1) while the lowest yield kg h-1 of 202.5 kg ha-1 was recorded in 06233 under the disease 

free condition while on the other hand these varieties also shown the same trend when the 

disease was artificially introduced in the field with 144.6 kg h-1, 132.8 kg h-1 and 111.2 kg h-

1. The other characters studied were days to flowering which varied from 133 to 150 days in 

case of disease free condition as compared to 123 to 142 days after artifical inoculation with 

A. rabiei while on the other hand significant variation exist in days to maturity which ranged 

from 143 to 176 under disease free condition as compared to 148 to 170 days when th plants 

were inoculated artificially. The results clearly showed that these three varieties possessed 

good genetic yield potential and can be used for the induction of resistance by chemicals and 

plant extracts. 

Ascochyta blight of chickpea is difficult to manage due to genetic diversity in the pathogen 

Chongo et al., 2004 and with the appearance of new pathotypes the moderately resistant 

cultivars had become susceptible (Akem, 1999; Pande et al., 2005) at the same time high 
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levels of blight resistance are not available in current cultivars (Pande et al., 2005). Some 

cultivars have moderate resistance at the seedling stage, but the resistance declines as plants 

grow older (Chongo and Gossen, 2001). The results given here are in line with those of Iqbal 

et al. (2003) that there decline in the number of pods per plant, seeds per plant, 100- seeds 

weight, yield per plant and yield per ha from healthy and diseased conditions and this 

reduction was more evident in the cultivars C-44 and Punjab-91 which were susceptible to 

blight. Different agronomic practices with good characters are helpful in maintaining good 

yield (Bellido et al., 2008) by altering the date of sowing the moderate-resistant cultivars 

have exhibited 15-300% greater grain yields than those sown late (Siddique and Sedgley, 

1986). Similarly Dusunceli et al., 2007 studied the effect of different date of sowing on six 

cultivars that were planted at three sites that differed in disease pressure. The results showed 

that delaying planting for 3-5 weeks reduced the severity of ascochyta blight but also reduced 

the yields in four of the six cultivars chickpea but in contrast, reduction in disease severity by 

delayed sowing resulted in yield increases for the susceptible cvs Canitez. So the farmers 

were advised to use resistant or tolerant cultivars and sow early in March. For less resistant 

cultivars, sowing in early April is recommended. Considerable variation in days to maturity 

and mean days to flowering have also been observed in all the cultivars of chickpea under the 

disease free condition this may be attributed due to difference in planting densities as 

reported by Golozani et al., 1994 that in chickpea with decrease planting density, increased 

number of days to maturity and this is also supported by Khan et al. (2003) in soybean 

having low plant density resulted maximum day to maturity. 

The leaf area duration (LAD) index and plant density displayed a strong positive 

correlation with both dry matter production and grain yield, while in case of more susceptible 

cultivars a decision to sow early must be taken into account as a principle “the greater the 

susceptibility of the cultivar, the more important it will be to sow at a time to avoid the peak 

of ascospore release from residue. Increasing plant population helps to reduce early season 

evaporation losses due to fast ground cover (Martin et al., 1994). Moreover, pulse plants at a 

high population density intercept more light, produce more biomass, and remobilize more 

photosynthates to the seed during the reproductive growth period compared with plants 

grown at lower density (Leach and Beech, 1988). Severity of ascochyta blight was 

consistently lower on cultivars with pinnate leaves than those with unifoliate leaves under the 
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same growing conditions and chickpea cultivars with compound leaves that are more 

resistant than those with unifoliate leaves (Chongo et al., 2003; Ahmed et al., 2006). In 

another study (Gen et al., 2007) proved that seed yield per unit area was linearly associated 

with plant population for the majority of the cultivars studied. The increased seed yield with 

high plant population is attributable to the production of more pods (Gan et al., 2003) and 

more seeds per unit area (Regan et al., 2003), despite more disease on individual plants 

(Chang et al., 2007). 
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Table 4 Mean comparison of yield kg h-1 of different chickpea cultivars after 
 inoculation with Ascochyta rabiei  

Sr. No. Name of 
genotypes 

Yield kg h-1 with out 
inoculation 

Yield kg h-1  after 
inoculation with A.rabiei 

1 Bittle-98 543.75 b 132.8 b 

2 Balkasar 486.25 bcde 98.3 cde 

3 Pb-91 523.50 bc 111.2 c 

4 C-44 575.00 ab 144.6 a 

5 05141 443.75 bcdefg 96.5 cde 

6 06005 529.75 bc 100.3 cd 

7 06006 431.25 bcdef 81.2 g 

8 06020 411.50 cdefg 78.5 h 

9 06022 397.50 defgh 71.3 i 

10 06023 326.25 fghijk 62.3 k 

11 06042 463.75 bcde 90.7 cdef 

12 06053 382.50 efghi 69.8 j 

13 06054 256.25 jkl 43.2 mnoij 

14 06055 270.00 ijkl 46.4 lmnoi 

15 06057 231.25 jkl 39.7 ijklm 

16 06058 232.50 jkl 40.2 oijkl 

17 06059 223.75 jkl 41.5 oijkl 

18 06060 243.75 jkl 42.3 oijkl 

19 02009 210.00 kl 36.5 jklmn 

20 02023 228.75 jkl 37.9 ijklm 

21 02044 232.50 jkl 36.8 jklmn 

22 02075 275.00 ijkl 44.3 mnoij 

23 02093 285.00 hijkl 48.9 klmno 

24 90261 212.50 kl 35.4 jklmno 

25 98004 281.25 hijkl 49.7 klmn 

26 98154 292.50 ghijkl 51.7 klm 

27 06203 285.00 hijkl 48.2 klmno 
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28 06205 257.50 jkl 42.5 noijk 

29 06219 276.25 hijkl 46.7 lmnoi 

30 06221 233.75 jkl 41.4 oijkl 

31 06233 202.50 l 33.2 o 

32 06239 265.00 ijkl 50.3 klmn 

33 06252 280.00 hijkl 53.7 klmn 

34 06275 340.00 fghij 59.2 kl 

35 06278 268.75 ijkl 42.4 noijk 

36 06260 475.00 bcde 99.6 cd 

37 06264 251.25 jkl 51.2 klm 

38 06265 266.25 ijkl 52.5 klm 

39 06266 256.25 jkl 54.7 klm 

40 06268 262.50 ijkl 56.2 kl 

41 062174 227.50 jkl 55.2 klm 

42 06282 291.25 ghijkl 60.2 kl 

43 NCS-0515 262.50 ijkl 53.2 klm 

44 NCS-950259 515.00 bcd 104.3 d 

45 NCS-0615 287.50 hijkl 58.2 kl 

46 NCS-0618 250.00 jkl 59.6 kl 

47 NCS-0611 242.50 jkl 58.1 kl 

48 NCS-0534 245.50 jkl 52.4 klm 

49 NCS-0533 240.00 jkl 50.3 klmn 

 
Table 5 Mean comparison of days to flowering of different chickpea cultivars with and 

with out inoculation 

Sr. No. Name of 
genotypes 

Means days to flowering 
with out inoculation 

Means days to flowering 
with inoculation 

1 Bittle-98 147.750 abc 139 abc 

2 Balkasar 142.000 bcdefghi 137 cde 

3 Pb-91 148.750 ab 140.25 ab 

4 C-44 150.500 a 142.75a 
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5 05141 133.750 j 129 j 

6 06005 143.750 abcdefgh 128.5 ij 

7 06006 147.500 abcd 132.5 jh 

8 06020 144.000 abcdefgh 134 jh 

9 06022 143.250 abcdefgh 136.75 fgh 

10 06023 144.250 abcdefgh 138 bcde 

11 06042 147.000 abcdf 137 cde 

12 06053 146.000 abcdefg 135 defgh 

13 06054 141.000 cdefghij 133 defghi 

14 06055 139.000 fghij 132 defghij 

15 06057 141.250 bcdefghij 132 defghij 

16 06058 144.250 abcdefgh 127 jk 

17 06059 139.750 efghij 128.25 ij 

18 06060 141.500 bcdefghi 125.0 l 

19 02009 143.250 abcdefgh 133 defghi 

20 02023 145.750 abcdefg 135 defghij 

21 02044 144.500 abcdefg 134 ghi 

22 02075 143.000 abcdefgh 131 defgh 

23 02093 138.500 ghij 132.5 defghij 

24 90261 135.250 ij 132 defghij 

25 98004 143.250 abcdefgh 127 jk 

26 98154 141.000 cdefghij 125 l 

27 06203 140.750 cdefghij 126jkl 

28 06205 142.000 bcdefghi 129 j 

29 06219 145.000 abcdefg 131 defgh 

30 06221 145.250 abcdefg 132 defghij 

31 06233 142.000 bcdefghi 138 bcde 

32 06239 144.500 abcdefg 137 bcde 

33 06252 141.500 bcdefghi 136 cdef 

34 06275 146.250 abcdef 135 cdefi 
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35 06278 144.500 abcdefg 127 jk 

36 06260 139.000 fghij 125 k 

37 06264 141.500 bcdefghi 126 jkl 

38 06265 142.500 bcdefghi 123 lm 

39 06266 140.000 defghij 125 k 

40 06268 139.250 fghij 137 bcde 

41 062174 148.000 abc 136 cdef 

42 06282 145.750 abcdefg 135 cdefi 

43 NCS-0515 140.000 defghih 129 ij 

44 NCS-950259 141.500 bcdefghi 130 jk 

45 NCS-0615 143.500 abcdefgh 131 fjk 

46 NCS-0618 144.000 abcdefgh 123 lm 

47 NCS-0611 142.750 bcdefghi 125 k 

48 NCS-0534 141.250 bcdefghij 126jkl 

49 NCS-0533 136.750 hij 140 ab 

 
Table 6 Mean comparison of days to maturity of different chickpea cultivars with and 

with out inoculation 

Sr. No. Name of 
genotypes 

Means days to maturity 
with out inoculation  

Means days to maturity 
with inoculation 

1 Bittle-98 147.750 abc 168 bc 

2 Balkasar 142.000 bcdefghi 163 abcd 

3 Pb-91 148.750 ab 170 a 

4 C-44 150.500 a 168 ab 

5 05141 133.750 j 151 mnop 

6 06005 143.750 abcdefgh 154 nop 

7 06006 147.500 abcd 153 nop 

8 06020 144.000 abcdefgh 150 mnop 

9 06022 143.250 abcdefgh 149 op 

10 06023 144.250 abcdefgh 167 abcd 

11 06042 147.000 abcdf 165 bc 
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12 06053 146.000 abcdefg 164 cdef 

13 06054 141.000 cdefghij 163 abcd 

14 06055 139.000 fghij 162 defg 

15 06057 141.250 bcdefghij 161 defgh 

16 06058 144.250 abcdefgh 160 efghi 

17 06059 139.750 efghij 165 defg 

18 06060 141.500 bcdefghi 166 abc 

19 02009 143.250 abcdefgh 155.50 mnop 

20 02023 145.750 abcdefg 158.50 lmnop 

21 02044 144.500 abcdefg 161.75 ghijk 

22 02075 143.000 abcdefgh 154.00 lmnop 

23 02093 138.500 ghij 156.25 jkl 

24 90261 135.250 ij 155.50 fghijk 

25 98004 143.250 abcdefgh 152.00 ijkl 

26 98154 141.000 cdefghij 159.00 efghij 

27 06203 140.750 cdefghij 153.25 ijkl 

28 06205 142.000 bcdefghi 155.00 fghijk 

29 06219 145.000 abcdefg 152.52 jkl 

30 06221 145.250 abcdefg 160 defgh 

31 06233 142.000 bcdefghi 158 efghi 

32 06239 144.500 abcdefg 166 bcde 

33 06252 141.500 bcdefghi 160 efghi 

34 06275 146.250 abcdef 161fghi 

35 06278 144.500 abcdefg 166 bcde 

36 06260 139.000 fghij 151 nop 

37 06264 141.500 bcdefghi 153 lmno 

38 06265 142.500 bcdefghi 150 ijklm 

39 06266 140.000 defghij 149 ijkl 

40 06268 139.250 fghij 166 bcde 

41 062174 148.000 abc 161 fghi 
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42 06282 145.750 abcdefg 148 p 

43 NCS-0515 140.000 defghih 150 hijk 

44 NCS-950259 141.500 bcdefghi 153lmno 

45 NCS-0615 143.500 abcdefgh 148 p 

46 NCS-0618 144.000 abcdefgh 157 ijklm 

47 NCS-0611 142.750 bcdefghi 159 hijkl 

48 NCS-0534 141.250 bcdefghij 161 fghi 

49 NCS-0533 136.750 hij 163 ghijkl 
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Chapter V 

Induction of resistance in chickpea (cicer arietinum l.) against Ascochyta 
rabiei by the application of chemicals and plant extracts 

Abstract 

Owing to scarcity of new fungicides in the market and environmental problems, the 

researchers are now emphasizing other alternatives, such as genetic potential of plants, to 

resistance against pathogens and the use of biotic as well as abiotic agents for the 

development of induced or acquired resistance. We investigate the role of resistance inducing 

substances (chemicals and plant extracts) in three chickpea cultivars C-44, Pb-91, Bittle-98 in 

a field experiments against Ascochyta blight disease. These cultivars were selected on the 

basis of better yield potential shown in the pervious experiments. Aqueous solution of 

Salicylic acid @ 0.5, 1.0 and 1.5mM, Bion® @ 0.4, 0.8 and 1.2mM and KOH @ 25, 50 and 

75mM were applied whereas the plant extracts of Azadirachta indica, Datura metel and 

Allium sativum were applied @ 5, 10 and 15%. The data regarding the reduction in disease 

was recorded with different intervals from 4 to 14 days after the induction and inoculation 

with the pathogen. The overall results revealed that significant disease reduction (79%) was 

provided by Bion® in the cultivar C-44 at 1.2mM dose rate as compared to salicylic acid, 

however, the least was showed by KOH. Among the plant extracts the maximum disease 

reduction (43.5%) against the disease was observed by the application of Azadirachta indica 

leaf extract and the extracts of Datura metel and Allium sativum did not prove effective in 

reducing the disease. The present findings suggest that enhancement of resistance before 

infection of chickpea plants could be an innovative control method for ascochyta blight of 

chickpea. 

Keywords: Induced resistance, chemicals, plant extracts, reduction. 

5.1 Introduction 

Chickpea blight caused by Ascochyta rabiei (Pass.) Labrousse, is the most 

devastating foliar disease of chickpea (Cicer arietinum L.) in many countries of the world 

(Pande et al., 2005). This disease caused considerable losses that may range from 5 to 100% 

around the world (Haware, 1998). In Pakistan, number of epiphytotics has been reported with 

complete failure of the crop (Aslam, 1984). Chickpea breeders in Pakistan are focusing their 

attention to develop blight resistant cultivars (Ilyas et al., 2007: Iqbal et al., 1993). Different 
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aspect of this disease like severity, lifecycle, pathogenicity, epidemiology, breeding for 

resistance cultural and chemical control measures have been explored in different parts of the 

world with great success but still this disease possess a great threat to chickpea crop 

(Mohamed et al., 2009: Trapero-Cases and Kaiser, 2009). This disease can be managed by 

the use of different fungicides through out the world (Gan et al., 2006), but the most 

economical management strategy is the use of resistance cultivars (Turkkan and Dolar, 

2009). However, breeding of resistance chickpea cultivars is more difficult task due to the 

fact that great variation exists in the pathogenicity of A. rabiei isolates (Ali et al., 2009). 

 Since the pathogen is constantly changing in nature (Chaudhry et al., 2001), the 

already resistant cultivars become susceptible. Therefore, it is needed to restrain or alleviate 

infection by using recent management methods such as induction of resistance, a new 

technology for plant disease control, is based on the activation of the plant’s own defense 

system with the aid of low molecular weight synthetic molecules (Cohen et al., 1999). 

Induced resistance is defined as an increase in the level of resistance without any changes in 

the basic genetic constitution (Baysal, 2001) which is associated with an enhanced ability of 

the plant to resist infection by an intense activation of defence responses. This method is the 

alternative of fungicides in plant protection as there is more awareness of deleterious effect 

of fungicides on the natural ecosystem (Vimala and Suriachandraselvan, 2009). At the same 

time development of resistance in pathogen to pesticides, health and environmental concern, 

real and perceived and increasing popularity of organic crop and sustainable agriculture 

(Kuć, 2001). Induced resistance can appear locally (i.e in the organ where the resistance is 

applied) or it may be systemically in the plant part which are spatially separated from the site 

of inducing agents (Walter, 2009) and there are at least three types of induced resistance, 

systemic acquired resistance (SAR) developed by localized necrosis which results in 

hypersensitive reaction (HSR), infection by virulent pathogen or by treatment with certain 

chemical Induced systemic resistance (ISR) that developed due to colonization of plant 

growth promoting rhizobacteria (PGPR) and wound induced resistance is usually elicited by 

injury caused by feeding of insects. In systemic acquired resistance an invading pathogen is 

not needed and various defence pathways are stimulated in the induced plant which results in 

the production of diverse defence products that includ lignin, pathogenesis-related proteins 

some of which show chitinase or β-1,3-glucanase activity (van Loon 1997; Neuhaus, 1999) 
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and phytoalexins, thionins and defensins (Kessmann et al., 1994; Sticher et al., 1997; 

Kombrink and Schmelzer, 2001: Ziadi et al., 2001). 

Induced resistance is age old phenomena for the management of plant diseases that 

was first reported by (Ray, 1901) in rust diseases and numerous studies have showed the 

appearance of defense responses against several important plant diseases (Abo-Elyousr and 

El-Hendawy, 2008: Jiang et al., 2008) . Up till now various chemicals salicylic acid, 

isonicotinic acid (INA), benzothiadiazole (BTH), Rigel (salicylic acid analog), β-

aminobutyric acid (BABA), NaClO3, HgCl2, Oryzemate® (Probenzole), paraquat, polyacrylic 

acid, SiO2, Messenger, (Harpin protein), Phoenix (potassium phosphate) etc. have been used 

as inducer of resistance against fungi, bacteria and viruses (Schneider et al., 1996; Kuć, 

2001; Percival et al., 2009). The extracts of various plants have also been explored as natural 

resistance inducers like Azadirachta indica against Alternaria leaf spot of sesame (Guleria 

and Kumar, 2006), Datura metel against Rhizoctonia solani, Xanthomonas oryzae pv oryzae, 

Alternaria solani (Kagale et al., 2004; Latha et al., 2009). 

 Very little work has been carried out on the induction of resistance in ascochyta blight 

of chickpea except from Chaudhry et al., (2001), who studied the induction mechanism in 

susceptible chickpea cultivar C-727 by the application of aqueous solution of salicylic acid 

dipotassium hydrogen phosphate and cuprous chloride and all the treatments showed 

significant results. 

 The present studies have been conducted to evaluate the reduction in ascochyta blight 

disease due to induced resistance by the application of simple chemicals and plant extracts 

which are safe, cheap and easy to apply in the field.  

5.2 Materials and methods 

5.2.1 Plant material 

Chickpea cultivars viz C-44, Pb-91 and Bittle-98 which were susceptible but have shown 

good yield character in the pervious experiment were taken and the seed were cultivated in 

small plots of 5 x 4 ft in the experimental area of the Department of Plant Pathology, 

University of Agriculture, Faisalabad, during the year 2007-08. The experiment was laid out 

under factorial arrangement of randomized complete block design with three replications 

with thirty nine plots per repeat. Eighteen plots were induced and inoculated with three plots 



 100

served as control while the remaining eighteen plots were induced but they were with out 

inoculation and each plot had six rows and each row contained 15 chickpea plants. 

5.2.2 Preparation of plant extracts 

The extracts of Neem (Azadirachta indica Juss.), Dautra (Datura metel) and Garlic (Allium 

sativum L.) were prepared in the phyto-bacteriology laboratory of the Department of Plant 

Pathology, University of Agriculture, Faisalabad. Leaves of Neem and Datura were collected 

from research area of Agronomy and square No.32, University of the Agriculture, Faisalabad 

while the cloves of the Garlic were purchased from local market. Leaves of Neem and Datura 

after thorough washing under tap water, the materials were surface sterilized with 1% sodium 

hypochlorite solution followed by thorough washing with sterilized water. Leaves were 

homogenized (Yellow line DI-25 Basic, GmbH and CO, Germany) in sterile distilled water 

at 1:1 (w/v), and filtered through a muslin cloth to produce a 100% crude plant extract. For 

preparing extract of Garlic from fresh samples, the outer, dry peel of cloves was first 

removed, surface-sterilized for 2 min in 70% ethanol and washed in three changes of sterile 

distilled water. Cloves were crushed into a pulp in sterile porcelain mortar using a pestle and 

the pulp was suspended 100 ml water in 250 ml Erlenmeyer flask and filtered through a 

muslin cloth. The plant extracts were heated to 40°C for 10 min to avoid contamination 

(Jaganathan and Narasimhan, 1988) and diluted to the required concentration (5%, 10% and 

15%) with sterile distilled water (v/v). 

5.2.3 Induction treatment  

Chemicals Salicylic acid (Sigma Aldrich, Germany), KOH (Sigma Aldrich, Germany) were 

purchased from market while Bion® (acibenzolar-S-methyl), provided by Syngenta Crop 

Protection, Germany, were used for the induction of resistance. Aqueous solution of Salicylic 

acid @ 0.5, 1.0 and 1.5mM, Bion® @ 0.4, 0.8 and 1.2 mM while KOH @ 25, 50 and 75mM 

were applied, however, all the plant extracts were applied @ of 5%, 10% and 15% 

respectively. At early flowering stage all the resistance inducing agents (chemicals and plant 

extracts) were sprayed on the plants until the run off while the control plants were sprayed 

with distilled water only. 
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5.2.4 Challenge treatment 

The mass preparation of already isolated and preserved inoculum of A. rabiei was carried by 

the method of Ilyas and Khan (1986). The conidial counts were adjusted with the help of 

haemocytometer. Normal agronomic practices were followed throughout the experiment. 

Four days after the induction of the resistance the plants were challenged with spore 

suspension of A. rabiei (1x105 spores L-1) after adding three drops/liter of tween 80 as 

wetting agent with the help of lady hand sprayer until run off in the evening with an idea that 

temperature gets lower in the night and it help better germination of conidia and continued 

for three days to ensure maximum infection to plants. The plants were sprinkled with water 

to maintain the humidity level for the germination of conidia of the fungus. 

5.2.5 Reduction percentage 

Data regarding the disease reduction percentage was calculated at 4, 6, 7, 11, and 14 days 

interval by using a mixed quantitative and qualitative 0-9 rating scale and converted to 

disease reduction % by the formula (Tivoli et al., 2006) with slight modification 

Diseases reduction (%)   =    ∑ (No. of plants in a category value x category value) x 100 
    Total No. of plants x maximum category value 
5.2.6 Statistical analysis 

Data were statistically analyzed using SAS software (Version 10.0 for Windows, SPSS Inc., 

Chicago, USA).by analysis of variance and the significance of the treatments was determined 

using Duncan’s multiple range test (P ≤ 0.05) using (Steel et. al., 1997), (Gomez & Gomez, 

1984). 

5.3 Results and Discussion 

5.3.1 Disease reduction % by the application of chemicals and plant extracts in C-44 

There were highly significant differences in disease reduction in Ascochyta rabiei (P ≤ 0.05) 

was observed due to pretreatment with different doses of chemicals and plant extracts in the 

cultivar C-44 (Fig. 1a). The maximum efficacy after inoculation with the pathogen was 

shown by aqueous solution of Bion with (79.3%) while the lowest reduction was exhibited 

by KOH (22.8%). The application of aqueous solution of salicylic acid revealed (56.8%) 

reduction in the disease. Among the various concentrations of salicylic acid, Bion and KOH 

tested, the highest dose rates (1.5, 1.2 and 75mM) respectively of these resistance inducing 
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substances was found to be effective against the development of pathogen and this 

effectiveness persisted for 14 days after the induction and inoculation with the pathogen. 

Although at all the dose rates of chemical that were applied, the significant protection was 

started after 11th day and it reached to maximum after two weeks. The three plant extracts 

were evaluated at (5, 10, 15%) dose rates and among them leaf extract of neem proved to be 

effectual in suppression of disease (43.5%) reduction while datura (31.4%) and garlic 

(26.7%) extracts also demonstrated protection (Fig. 1a) but was less as compared to neem. 

Furthermore this protection was persisted for two weeks and the highest concentration was 

efficient in reducing the disease. 

5.3.2 Disease reduction % by the application of chemicals and plant extracts in Pb-91 

Plant extracts that was applied @ of (5, 10, 15%) in the cultivar Pb-91 reduce the 

development of diseases significant (P ≤ 0.05) all the extracts were equal in providing 

reduction against Ascochyta rabiei under the field conditions with (20.0%) by neem and 

(19.5%) with datura however garlic proved least effective with (13.8%) reduction in disease 

(Fig. 1b) 14 days after inoculation. Results in case of chemicals were significantly different 

as compare with the plant extracts although low reduction in disease was provided by 

chemicals with (37.2%, 51.2%) by salicylic acid and Bion as comparison with the cultivar C-

44 but that was quite promising for the control of chickpea blight, the least reduction in 

disease was provided by KOH (17.9%), that was similar to plant extracts. 

5.3.2 Disease reduction % by the application of chemicals and plant extracts in Bittle-98 

The disease reduction percentage in the cultivar Bittle-98 by the application of chemical and 

plant extracts were significant (P ≤ 0.05). The application of chemicals for induction of 

resistance proved efficient as compared to the plant extracts. The highest level of disease 

reduction was provided by Bion (44.1%) after 14 days and at concentration of 1.2mM (Fig. 

1c). KOH with (16.6%) gave the least reduction in the disease on the other hand salicylic 

acid proved effective in reducing the ascochyta blight (29.1%). Neem (17.7%), datura 

(16.6%) and garlic (13.1%) exhibited reduction in disease. The effect of all these plant 

extracts and KOH is similar while Bion and Salicylic acid was superior in providing 

protection in chickpea against Ascochyat rabiei. 
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Induced resistance has attracted much attention of the researchers worldwide as a 

possible strategy in integrated plant disease management (Sundar et al., 2001). The curative 

property of salicylic acid and its derivatives has been known at the time when Hippocrates 

described the presence of salicylates, which provide relief during the child birth (Weissman, 

1991). Significant advancement had been made in the last twenty years to know the 

metabolism and signaling mechanism in plant defense activation by the application of 

salicylic acid (Durner et al., 1997). The role of salicylic acid has been well recognized in the 

commencement of defence responses against different abiotic and biotic stress (Catinot et al., 

2008). The results of our experiments have proved that salicylic acid can be employed for the 

control of chickpea blight. Similar results (49.5%) reduction against Ascochtya rabiei were 

achieved (Chaudhry et al., 2001) by applying the salicylic acid @ 1mM in the susceptible 

cultivar C-727. The effect of salicylic acid (SA) in inducing resistance in groundnut plants 

against Alternaria alternata was investigated by (Chitra et al., 2008). Foliar application of 

SA at the concentration of 1mM significantly reduced the leaf blight disease intensity and 

increased the pod yield under glasshouse conditions. Foliage spray of salicylic acid @ 2mM 

significantly reduced (40.3%) leaf blight of onion caused by Stemphylium vesicarium under 

the green house condition 15 days after inoculation (Abo-Elyousr et al., 2009). The ability of 

four chemicals, salicylic acid, sodium salt of salicylic acid, isonicotinic acid, and DL-β-

amino-n-butyric acid and yeast antagonist Cryptococcus flavescens were evaluated against 

Fusarium head blight (FHB) of wheat in the greenhouse showed that NaSA and INA at 

10mM significantly reduced FHB severity compared to the non-treated disease control 3 days 

prior to challenge with the pathogen (Zhang et al., 2007). The significant quality of disease 

resistance inducer is that persist for longer period of time in host by increasing their 

biochemical constituents as in case of present study salicylic acid remain effective against A. 

rabiei for 14th day. The application of higher concentration of salicylic acid @ 8 g/l caused 

more vigorous (Quintanilla and Brishammar, 1998) growth as compared to control, which 

indicated that increased resistance was obtained into tuber that was injected with higher 

concentration of salicylic acid. The higher accumulation of salicylic acid after infection with 

TMV at the site of infection was also studied which may be attributed by transcriptional 

activation of PR genes in both the inoculated and un-inoculated leaves (Durner et al., 1997) 

but this increase was not significant in the uninfected systemic tissue. Kone et al., (2009) 
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studied the induction of disease resistance in Phytophthora capsici on squash by the 

application of DL-3-aminobutyric acid (BABA), 2,6- dichloroisonicotinic acid (INA), Saver 

(a.i. salicylic acid), Syrup (nutrient supplement) and acibenzolar-Smethyl (ASM) on the 

mycelial growth in-vitro studies and found that only Saver reduced mycelial growth and 

sporangium production significantly at 100 mg ml-1 or higher concentrations. 

Bion is distributed by Syngenta Crop Protection (Raleigh, NC, USA; formerly 

Novartis Crop Protection) that is marketed in Europe with this name but as Actigard in the 

USA. This chemical was originally marketed for the management of powdery mildew of 

wheat and barley in Europe (Görlach et al., 1996). Bion (acibenzolar-S-methyl) and INA are 

considered the best studied chemical elicitors available for induction of resistance. They are 

considered functional analogs of salicylic acid and bring out a systemic form of induced 

resistance across a broad range of plant-pathogen (Friedrich et al., 1996; Maleck et al., 

2000). These chemicals did not exhibit any direct antimicrobial activity; however, in some 

instances antimicrobial activity have been reported in association with high elicitor 

concentrations (Rohilla et al., 2002; Tosi and Zazzerini, 2000). In the present studies Bion 

proved efficient in reducing the disease and that lasted for two weeks with higher 

concentration used. Similar results were obtained by Dann et al, (1998) who studied in the 

field and greenhouse experiments during the years 1993-96 and found that 20 to 70% 

reduction in the severity was recorded by three or four applications of 2,6-

dichloroisonicotinic acid in soybean cultivars Elgin 87 and Williams 82, which were highly 

susceptible to Sclerotinia sclerotiorum. This effect was not obvious in the cultivars Corsoy 

79 and NKS19-90 which was resistance to white mold disease. The yield was also increased 

particularly in the susceptible cultivars under high disease pressure. Comparable results were 

also reported by (Sundar et al., 2001) as significant reduction in red rot lesion development 

in sugarcane pretreatment with CGA-245704 @ 100 µg ml-1 applied as a soil drench to the 

potted plants and the effectiveness persisted for up to 30 days after treatment. The persistence 

of resistance for longer period of time was also reported by (Ziadi et al., 2001) against downy 

mildew of cauliflower. Dann and Deverall, (1996) demonstrated in the field trials during two 

consecutive years that application of 2,6-dichloro-isonicotinic acid (INA) to bean seedlings 

(cv. Redlands Pioneer) of 16-20 days old were protected against rust disease caused by 

inoculation with Uromyces appendiculatus. This protection remained persistent for 5 weeks 
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and the spread of the disease was also curtailed to upper un-inoculated leaves further there is 

no need to apply any booster dose of INA. Some time plants exposed to higher concentration 

also showed phytoxicity (Louws et al., 2001) but this is independent of induced resistance. 

The ability of different resistance inducing chemicals in providing protection against 

anthracnose of cashew caused by Colletotrichum gloeosporioides was studies by Lopez,and 

Lucas, (2002). Maximum reduction of the disease in detached leaves, without phytotoxic 

effects, was obtained with 0.07mM a.i. ASM and DCINA, 5mM SA and 50mM K2HPO4, 

with a time interval of at least 72h between application of the activator and inoculation with 

the pathogen but in case of attached leaves foliar spray was more efficient as compared with 

soil drench treatment. The efficacy of Bion (acibenzolar-S-methyl) and INA have also been 

reported in monocots powdery mildew, Septoria leaf spot and rust of wheat in field trails, 

solanaceous crops, the effectiveness of BTH applied at the rate of 35 g a.i./ha every 7 to 10 

days interval give promising results for the control of Xanthomonas axonopodis pv. 

vesicatoria and Pseudomonas syringae pv tomato on tomato foliage and fruits, leguminous 

crops, white mold of soybean can be controlled by repeated application of INA , fruit trees, 

cotton, and spinach (Vallad and Goodman, 2004). Contrary results on dose dependent 

response of ASM were studied by (Ajay and Baby, 2009) against blister blight disease of tea 

and showed that application of ASM at 0.14% dose rate displayed 25% protection from 

disease as compared to 0.18% dose rate with no significant difference. 

Despite the fact, that the substantial number of studies was made that deal with 

phosphate-induced resistance in plants but primary mode of phosphate action was not known. 

It is thought that activation of SAR by local application of phosphate strongly suggests that it 

could result either from a translocation of the inducer itself or from signals which initiate an 

oxidative burst, that are generated in phosphate-treated tissues. The application of KOH in 

the present study did not prove significant expect in the cultivar C-44 with 23% disease 

reduction which was not considered as satisfactory in any disease control program. Different 

types of phosphate salt viz dibasic and tribasic sodium or potassium phosphates were highly 

effective in SAR induction with a pH value above 7 (Gottstein and Kuc, 1989). Foliar 

application of these phosphate salts induced systemic resistance (ISR) in cucumber (Descalzo 

et al., 1990), broad bean (Walters and Murray, 1992), grapevine (Reuveni and Reuveni, 

1995), maize (Reuveni et al., 1994), pepper (Reuveni et al., 1998) and rice (Manandhar et 
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al.,1998) against diversified pathogens belonging to various taxonomic groups but all the 

results are contradictory  to the present finding, there might be difference in the selection of 

potassium salts or due to pH that may be less than 7 but on the other hand application of 

50mM dipotassium hydrogen phosphate provide 51.5% protection against A. rabiei 

(Chaudhry et al., 2001). 

The efficacy of various plant extracts in induction of resistance was studied in the 

present experiments the overall results showed that only neem leaf extract at highest dose 

rates can provide protection against chickpea blight in the cultivar C-44 while the 

effectiveness of extracts of datura and garlic is not significant. This less reduction in disease 

might be due to use of lower dose of these plant extracts and may be booster dose was 

needed that was not applied only single application has given these results. Role of plant 

extracts in inducing resistance against plant pathogens has been reported by different 

researchers. Guleria and Kumar, (2006) found that aqueous leaf extract of neem, Azadirachta 

indica, gave control of Alternaria leaf spot of sesame. The efficacy of neem leaf extract has 

also been reported by Paul and Sharma, (2002) and the extract had the same effect as that of 

bavistin in managing the leaf stripe pathogen of Barley. Antimicrobial activity and induction 

of systemic resistance by leaf extract of Datura metal against Rhizoctonia solani and 

Xanthomonas oryzae pv oryzae in rice has been investigated (Kagale et al, 2004) and it was 

found that foliar application of leaf extract effectively reduced the incidence of sheath blight 

and bacterial blight of rice. Satya et al., (2007) applied aqueous extract of leaves of zimmu 

(Allium sativum L.x Allium cepa L.) to first and second leaves of cotton plants induced 

systemic resistance in third and fourth leaves and reduced the number of lesions by up to 

73% after challenged infection with Xanthomonas campestris pv. malvacearum as compared 

with water-treated control plants. This might be due to the reason that active ingredients in 

these plant have the ability to enhance the biochemical substances upon their application like 

allicin extract from Allium satium and oxalate as active component of spinach and rhubarb 

leaves has the ability to reduce the plant diseases by accumulation of salicylic acid 

(Doubrava et al., 1998; Slusarenko et al., 2008) and it has been effectively used against 

different plant pathogens like Alternaria solani, Pseudomonas syringae pv. tomato (Pst), 

Xanthomonas vesicatoria (Xv) and Clavibacter michiganensis sub-sp. michiganensis (Cmm) 

of tomato and induce disease resistant (Balestra et al., 2009; Latha et al., 2009). Roth et al., 
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2000 studied the effects of an extract of Lychnis viscaria L. seeds, that contain 

brassinosteroids, application of aqueous enhanced 36% resistance to tobacco, cucumber and 

tomato against viral and fungal pathogens by increasing PR-proteins, peroxidase, chitinase 

and β-1,3-glucanase. The disease controlling ability of Datura metel against plant pathogens 

and as inducer of resistance is well documented in the literature as A .rabiei (Shafique and 

Shafique, 2008), Pennisetum glaucum, Sclerospora graminicola in pearl Millet (Devaiah et 

al., 2009). 

Conclusion 

From the present study it was concluded that resistance inducing chemicals have the 

potential to control chickpea blight when applied at proper time and dose rate. These 

chemicals can be integrated with the suitable fungicides as they have synergistic effect with 

fungicides and persist longer, it would help reduce the number of application of fungicides 

by enhancing the natural resistance of the chickpea cultivars even if they were susceptible to 

A. rabiei. The plant extracts can be used but at higher dose rates and they can also be 

combined with resistance inducing chemicals for the control of chickpea blight. 
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Table 7. ANOVA for % disease reduction in chickpea against Ascochyta rabiei by the application of different doses of 
salicylic acid, Bion, KOH, neem, datura and garlic in three chickpea cultivars (total df = 179)  

 
Parameters df Salicylic acid Bion KOH Neem Datura Garlic 

 F P F P F P F P F P F P 
              
Replication 2 8.26 ≤ 0.05 4.585 ≤ 0.05 5.784 ≤ 0.05 0.24 ns 1.249 ≤ 0.05 1.162 ≤ 0.05 

 
Days 4 233.66 ≤ 0.05 563.24 ≤ 0.05 26.43 ≤ 0.05 27.22 ≤ 0.05 28.94 ≤ 0.05 18.81 ≤ 0.05 

 
Cultivars 2 185.71 ≤ 0.05 592.80 ≤ 0.05 6.02 0.03 1.72 0.18ns 5.17 ≤ 0.05 2.94 0.056 

 
Days x Cultivars 8 15.97 ≤ 0.05 34.62 ≤ 0.05 0.36 Ns 0.20 ns 0.203 ns 0.12 ns 

 
Dose 3 1621.73 ≤ 0.05 5853.63 ≤ 0.05 149.4 ≤ 0.05 82.94 ≤ 0.05 109.83 ≤ 0.05 74.58 ≤ 0.05 

 
Days x dose 12 30.28 ≤ 0.05 72.36 ≤ 0.05 3.11 0.00 3.20 ≤ 0.05 3.25 ≤ 0.05 2.23 0.013 

 
Cultivars x dose 6 32.25 ≤ 0.05 99.56 ≤ 0.05 0.83 Ns 0.43 ns 1.04 0.398 0.86 ns 

 
Days x Cultivars 
x dose 

24 3.82 ≤ 0.05 8.38 ≤ 0.05 0.15 Ns 0.10 ns 0.07 ns 0.10 ns 
 

Error 118 - - - - - - - - -  - - 
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Fig.1a. Mean comparison of % reduction in ascochyta blight disease by the application of 
(A) salicylic acid (B) Bion (C) KOH (D) neem (E) dautra (F) garlic in cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 



 116

%
 r

ed
u

ct
io

n
 in

 d
is

ea
se

 in
 P

b
-9

1 
A 

0

5

10

15

20

25

30

35

40

4th 6th 7th 11th 14th

Days

0.5 mM
1.0 mM
1.5 mM
Control

LSD (5%) = 3.46

B 

0

10

20

30

40

50

60

4th 6th 7th 11th 14th

Days

0.4 mM
0.8 mM
1.2 mM
Control

LSD (5%) = 2.63

C 

0

5

10

15

20

25

4th 6th 7th 11th 14th

Days

25 mM
50 mM
75 mM
Control

LSD (5%) = 5.24

D 

0

5

10

15

20

25

30

4th 6th 7th 11th 14th

Days

5%
10%
15%
Control

LSD (5%) = 6.08

E 

0
3
6
9

12
15
18
21
24
27
30
33

4th 6th 7th 11th 14th

Days

5%
10%
15%
Control

LSD (5%) = 4.47

F 

0

3

6

9

12

15

18

21

4th 6th 7th 11th 14th

Days

5%
10%
15%
Control

LSD (5%) = 5.62

Fig.1b. Mean comparison of % reduction in ascochyta blight disease by the application of 
(A) salicylic acid (B) Bion (C) KOH (D) neem (E) dautra (F) garlic in cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05) 
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Chapter VI 

Influence on the mineral contents of susceptible chickpea cultivars after induction and 
inoculation with Ascochyta rabiei 

 
Abstract 

An experiment was conducted to determine the effect of resistance inducing agents 

(chemicals and plant extracts) on the mineral contents of induced/un-inoculated and 

induced/inoculated plants with Ascochyta rabiei in three chickpea cultivar at 7 and the 

interval of 14th day. The result revealed that all the mineral contents increased after the 

induction of resistance but this increase was more significant (P ≤ 0.05) upon inoculation 

with the pathogen after 14th day time interval by the application of chemical and it was not 

significant in case of plant extract expect that of neem. Only Na content was decreased in 

Bion applied plant in the cultivar C-44 and Pb-98 further more Cu content was also 

decreased in salicylic acid, Bion and neem leaf extract treated plants in the cultivar C-44. The 

over all results showed that resistance induction increases the mineral both macro and micro 

nutrient which prevent the spread of the pathogen by strengthening the host physiological 

and biochemical process. 

Keywords: chickpea blight, Ascochyta rabiei (Pass.) Labr., Cicer arietinum L., resistance vs 

susceptibility, mineral contents 

6.1 Introduction 

Diseases are among the major constraints in the successful production of crop through 

out the world (El-Khallal, 2007). Mostly the diseases are controlled by the application of 

chemicals which cause health hazards and also development of in the pathogens. Plants have 

developed different mechanisms to defend themselves and the understanding against 

pathogens may lead to novel strategies to enhance disease resistance in crop plants (Pozo et 

al., 2005). Plant defence responses against the pathogen are regulated by a complex net work 

of signal molecules and transcriptional regulators. Biological control and chemical 

(hormonal) inducers are two of the promising approaches to the control of plant diseases (Yu 

and Zheng, 2006). 

Chickpea (Cicer arietinum L.) is prone to several biotic and abiotic factors under the 

field condition which affect the production of the crop, the diseases being one of them. The 

chickpea blight disease, caused by Ascochyta rabiei (Pass) Labr. fungus, upsets the 
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production statistics of the crop under environmental conditions conducive for the disease 

and may result in 50-70 percent crop losses (Malik and Bashir, 1984) or complete failure of 

the crop (Nene, 1984). The disease can be managed by some cultural practices (Sattar, 1933, 

Lutra and Bedi, 1935) and use of chemotherapentants (Tripathi et al., 1987; Singh and Singh, 

1990) but the cultivation of cultivars resistant to blight disease is the most effective and 

economical practice (Nene and Reddy, 1987). The resistance of an organism is governed in 

many cases by biochemical metabolites and enzyme catalyzed biochemical reactions 

(Tanhaken and Barz, 1991) which in turn depend on the availability of certain anions, cations 

and enzymes (Chen and Strange, 1991). Nutrients play very important role for growth and 

development of plants and at the same time for microorganisms, they are considered as 

important factors in disease control (Agrios, 2005). The severity of the disease is affected by 

all the essential nutrients (Huber and Graham, 1999) and the balance nutrition is necessary 

for any host plant to be resistant or susceptible to pathogen (Filippi and Prabhu, 1998). 

However, no general rule exists how a particular nutrient can decrease or increase the 

severity of a disease or incidence of other diseases and it may have a completely opposite 

effect under different environment (Marschner, 1995; Graham and Webb 1991; Huber, 

1980). The importance of nutrients in disease control has been recognized for many years but 

for some of the most severe diseases, the correct management of nutrients for the control of 

diseases in sustainable agriculture and successful disease management program has received 

little attention (Huber and Graham, 1999). 

The physiology of the plant is impaired when it is under the attack of the pathogen 

which results in disturbance in the nutrient uptake, assimilation, translocation from the root 

to the shoot and also its utilization (Marschner, 1995). Due to the activity of some pathogen, 

the nutrients in the rhizophere become immobilize, surrounding plant roots, or in infected 

tissues such as roots, that ultimately results in interference of translocation or utilization 

efficiency and can cause nutrient deficiency or hyperaccumulation and nutrient toxicity 

(Huber and Graham, 1999). At the same time, other organisms may utilize a significant 

amount of nutrients for their growth, causing a reduction in the availability of nutrients for 

the plant and increasing the chance of its susceptibility due to nutrient deficiency (Timonin, 

1965). 
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Nitrogen is among the most important macronutrient which is required for the normal 

growth and development of plant (Chandra and Mishra, 1991). Nitrogen is indispensable 

elementary constituent of many metabolites like proteins, amino acids, phytochrome, nucleic 

acid and chromosomes (Marschner, 1995). The deficiency of nitrogen results in impaired 

growth, reduction in proteins synthesis in plants and photosynthetic rate is inhibited 

indirectly (Stitt and Krapp, 1998). Phosphorus is an integral part of many organic molecules 

of the cell DNA (deoxyribonucleic acid), RNA (ribonucleic acid), ATP (adenosine 

triphosphate) and phospholipids and is also involved in many metabolic processes in the 

plant as well as in the pathogen but its role in resistance is unpredictable and seemingly 

inconsistent (Kiraly, 1976). Other nutrients also induce systemic acquired resistance which 

involved in the suppression of plant diseases (Dordas, 2007). 

Since minerals play significant role in biochemical reactions yielding such 

metabolites that are involved in resistance/susceptibility of a crop against its pathogens, the 

objective of this study was to determine the influence of induction and inoculation of 

susceptible chickpea cultivars, with Ascochyta rabiei, on their mineral contents. 

6.2 Materials and methods 

Plant samples comprising of shoots of induced un-inoculated and induced inoculated 

of three chickpea cultivars, from the third experiment at an interval of 7th and 14th were 

collected from the plots, when the symptoms were fully developed on the plants in control 

treatment. They were washed in 0.2 percent detergent solution in order to remove any dirt 

from them followed by washing in 0.8 percent HCl (to remove metallic contaminants from 

them) and deionized water (to remove the previous two solutions). The samples were air-

dried in the shade on paper towels and then placed in paper bags. The samples were dried in 

an oven at 70C for 72 hours to get constant weight. These samples were ground with the 

help of Buhler sample grinder and afterwards processed for the determination of N. P, K, Na, 

Ca, Mg, Zn, Cu and Fe following (Bhargava and Raghupathi, 1995; Karla and Mynard, 

1991)). Nitrogen and phosphorus contents were recorded as percentage of dry weight 

whereas content of rest of the elements were recorded as ppm (parts per million). 

6.2.1 Statistical Analysis 

The experiment was set up with 03 replicates and the result were compared by 

ANOVA and tested by Duncan’s multiple range test to find the differences between 
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treatment means at the 5% (0.05) significant level (Steel et al., 1997). Data were analyzed 

using the general Statistical Analysis system (SAS) 

6.3 Results and Discussion 

6.3.1 Nitrogen contents of induced un-inoculated and inoculated plants of chickpea 
 cultivars with A. rabiei 

There was significant increase (P ≤ 0.05) in the amount of nitrogen 2.95 percent by the 

application of salicylic acid (Fig. 2a). This increase was observed after induction of 

resistance inducer and inoculation with A. rabiei in the cultivar C-44 while in case of Pb-91 

and Bittle-98, this increase was 2.65 (Fig. 2b) and 2.51 percent respectively (Fig. 2c). In all 

the three cultivars, the increase in nitrogen contents was more after the induction with highest 

dose rate of salicylic acid and inoculation with pathogen. Bion application increased the 

nitrogen contents with 2.86 percent in C-44, 2.76 % in Pb-91 and 2.48 % in Bittli-98 at 14th 

day after induction and inoculation with 1.2mM dose rate. In case of KOH application, 

significant increase was observed and all the three cultivars showed almost minor increase 

(1.5, 1.3 and 1.3 percent) in nitrogen contents in C-44, Pb-91 and Bittle-98 respectively (Fig. 

2a, 2b, 2c). The application of plant extracts also increased the nitrogen content but this 

increase was not significant. The neem leaf extract at the dose rate of (15% v/v) in all the 

three cultivars increased the content but this increase was (1.0, 0.9 and 0.8 percent) after 14th 

day. There was no difference in the increase of nitrogen content at 7th day after induction and 

inoculation with A.rabiei and similar trend was followed in case of induced and un-

inoculated chickpea plants. Extracts of Datura and Garlic also caused small increase but no 

difference was observed among the three cultivars with highest nitrogen content was 

recorded (0.55 percent) in case of Pb-91 at (15% v/v) dose rate at 14th day after the 

application of inducers and inoculation (Fig. 2a, 2b, 2c). On over all basis it was concluded 

that application of resistance inducing chemicals increased the nitrogen contents as compared 

to plant extracts but this increase was more pronounced by the application of salicylic acid at 

maximum dose rate and with least by KOH in cultivar C-44. 

The effect of nitrogen on disease development is inconsistent, contradicts and causes 

of this inconsistency are poorly understood (Hoffland et al., 2000). Earlier studies by Sati 

and Grewal (1982) reported that the level of N was higher in a susceptible cultivar (G-24) 

compared to resistant one. The studied under taken by El-Khallal (2007) found that treatment 

with AM fungi plus jasmonic acid have higher nitrogen content. In the present experiments 
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this increase in amount of nitrogen is attributable to fungal mycelia in inoculated and induced 

plants similarly the results presented here are in line with studies of Randhawa (1994) 

reported an increase in nitrogen content was recorded in chickpea cultivars resistant to 

Ascochyta blight while there was a decrease in the susceptible cultivars, although the 

varieties under study were susceptible to Ascochyta blight but by application of resistance 

inducers they showed reduction in the disease with increase nitrogen content. There was 

increase in the nitrogen content and this increase was relatively higher in the susceptible 

group as compared with the resistant one (Sahi et al., 2007). The application of N to the 

cereal crop reduces the take-all disease caused by (Gaeumannomyces graminis). Cahill et al., 

(1987) found that adequate nitrogen level reduce the disease severity of red thread disease by 

enhancing its vigor. Contrary to these results increase level of nitrogen level make the plant 

more susceptible to the attack of pathogen and it was proved in different host pathogen 

interaction as reported by (Nam et al., 2006; Umemoto, 1991). 

6.3.2 Phosphorus contents of induced un-inoculated and inoculated plants of chickpea 
cultivars with A. rabiei 

The mean comparison of data regarding the phosphorus content (Fig. 3a, 3b, 3c) of induced 

un-inoculated and induced inoculated in the three chickpea cultivars exhibited significant 

difference (P ≤ 0.05). There is general trend of increased in the content of phosphors in all 

the cultivars by the application of chemical and plant extracts after inoculation at higher dose 

rate 14th days after the application of treatment, expect KOH application where the induction 

and un-inoculation showed higher (0.51, 0.62 and 0.77 percent) phosphors content as 

compared to induced and inoculated plants (0.35, 0.45 and 0.48 percent) in cultivar C-44 but 

opposite to this trend was followed in Pb-91 and Bittle-98. 

The plant extracts did not show appreciable change in the amount of phosphorus in 

three chickpea cultivars with maximum (0.35 percent) being produced by the application of 

neem leaf extract in cultivar C-44, while the least (0.17 percent) was shown by garlic at the 

same dose rate in the cultivar Pb-91 (Fig 3b) which was also different in case of Bittle-98. 

The disease resistance inducing chemical salicylic acid, Bion and KOH also increased which 

was more pronounced by the application of Bion in the cultivar C-44 with (1.05 percent), Pb-

91 (0.79 percent) and (0.59 percent) in Bittle-98. 

Present studies demonstrated that P level increased in both the induced un-inoculated 

and induced inoculated chickpea plant but more upon inoculation with A. rabiei. The 
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increase in phosphorus content in induced inoculated cultivar of chickpea indicates intact and 

consistent uptake and translocation of this mineral as phosphorus is consumed by the plants 

in the formation of different cell constituent’s like phospholipids, nucleic acids, the 

coenzymes NADP, NAD and ATP and other energy yielding compounds (Devlin & Witham, 

1983). Similar results were obtained by (Sahi et al., 2007) regarding the phosphorus content 

that was higher in un-inoculated plants of susceptible lentil lines than the resistant ones but 

upon inoculation it increased in the resistant lentil lines. The present results are in line with 

Randhawa (1994) who reported an increase in phosphorus contents in chickpea cultivars of 

both the susceptible and resistant groups after infection with Ascochyta rabiei. The 

application of P as foliar treatment induces systemic protection against various pathogens 

like powdery mildew in roses, cucumber, mango and nectarines (Reuveni and Reuveni, 

1998), which might be true in this case that increased level of P induced systemic resistance. 

Increased level of P reduces the intensity of disease in different host pathogen interaction 

downy mildew, rice bacterial blight, blue mold, Barley yellow dwarf virus and rice blast 

disease (Huber and Graham, 1999; Reuveni et al., 2000) on the other hand application of P 

may enhance the severity of Sclerotinia in garden plants, flag smut in wheat, Bremia in 

lettuce (Huber, 1980). 

6.3.3 Potassium contents of induced un-inoculated and inoculated plants of chickpea 
cultivars with A. rabiei 

The potassium content in the induced and inoculated plants of the cultivar C-44 ranged from 

480.8 to 527.86 ppm by the application of all the three doses of salicylic acid which was 

significantly different from induced and un-inoculated plant (Fig. 4a, 4b, 4c). The cultivar 

Pb-91 and Bittle- 98 also showed the same trend with maximum 310.1 ppm and 158.3 ppm, 

14th day after induction and inoculation. The maximum potassium content (533.0 ppm) was 

recorded after the application of Bion at the highest dose rate, the potassium content in Pb-91 

and Bittle-98 was also high by the application of Bion and inoculation with the pathogen. 

Lowest amount of (79.16 ppm) was recorded in cultivar Bittle-98 which was significantly 

different in case of Pb-91 and C-44 by the application of KOH and inoculation with A. rabiei 

while in case of induced and un-inoculated plant this increase was also exhibited. The plant 

extracts also influenced the K contents of the plant tissue but that was not appreciable as 

compared to the chemicals. Neem leaf extract in the cultivar C-44 with (174.89 ppm) was the 

maximum on 14th day after induction and inoculation at the same time the induced and un-
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inoculated plant of cultivar exhibited (69.4 ppm) potassium content (Fig. 4a). The smaller 

amount (29.2 ppm) was produced in the cultivar Bittle-98 by the application of garlic extract 

at maximum (Fig. 4c) dose rate. 

The finding of the present research is in line with that of Shehu and Aliero, (2010), 

who reported that increase in the P content was found in the diseased leaves infected by 

Alternaria porri as compared to healthy ones. Similarly Sahi et al., (2007) found that 

potassium contents, increased invariably in both the resistant and susceptible group of lentil 

lines. These results are also in line with those of Randhawa (1994) and Reddy & Khare 

(1984). These results comply with (El-Khallal, 2007) who reported high potassium level was 

found in salicylic acid treated plants. This noticeable increase in the potash content of 

induced inoculated susceptible lines of chickpea may be attributed to due to change in the 

physiological and biochemical defence system of the plant by the application of resistance 

inducers. Application of potassium at proper rate and balanced with other nutrient decreases 

the susceptibility of host plants (Huber and Graham, 1999). It is involved in different 

metabolic function in plant physiology (respiration, photosynthesis) and synthesis of high 

molecular weight compounds (proteins, starch and cellulose), potassium deficiency in plant 

to parasitic disease is due disturbance into that metabolic functions. Almost 2450 references 

were reviewed by Perrenoud (1990) on the use of potassium and describe that 70% fungal 

disease incidence was decreased, 69% in the bacterial pathogen, mites and insect 63% and 

virus 41% further application of K increased the yield of fungal , bacterial and viral pathogen. 

The other draw back of K deficiency result in impaired protein synthesis and accumulates 

simple N compounds such as amides which are used by invading plant pathogens (Dordas, 

2008). There were no differences in the response of the crop with different sources of K 

further the balance between nitrogen and potassium affects disease susceptibility of plants. 

The examples of disease reduction in obligate and facultative parasites by the application of 

K included Helminthosporium leaf blight disease severity and increase wheat yields, stem 

rot, sesamum leaf spot in rice, black rust in wheat and seedling rot caused by Rhizoctonia 

solani (Sharma and Duveiller, 2004; Sharma et al., 2005). 
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6.3.4 Sodium contents of induced un-inoculated and inoculated plants of chickpea cultivars 
with A. rabiei 

The sodium content of both the group induced un-inoculated and induced inoculated with 

Ascochyta rabiei was significant. The increase in the Na content was observed by the 

application of salicylic acid in three chickpea cultivars at higher dose rates, the maximum 

(335.99 ppm) was observed in C-44 followed by (271.91 ppm) and (198.37 ppm) in Pb-91 

and Bittle-98 respectively (Fig. 5a, 5b, 5c). The same trend was followed in case of un-

inoculated plants. The application of Bion decrease the sodium content which was (282.35 

ppm) as compared with (340.6 ppm) in un-inoculated induced plants at dose rate of 1.2mM 

after 14th day while in case of Pb-91 the higher dose reduced the sodium content. KOH 

application also increased the sodium content and plant extracts exhibited an increase in Na 

content maximum being (111.53 ppm) in case of neem leaf extract at 14th day after induction 

and inoculation. Datura and garlic extracts showed increase but that was not significant. Only 

very few report are available regarding the role of Na in resistance and susceptible response in 

host pathogen interaction, Sahi et al., (2010) reported that upon inoculation with the pathogen, 

the sodium content increased in both the groups, being more prominent in case of susceptible 

lentil lines. The presence of absence of Na resulted in the suppression (Russell, 1978) or 

enhancement (Wyness and Ayres, 1985) of the diseases. As in case of Cercospora 

arachidicola the severity of the disease is more when the plants were irrigated with sodic 

water (Porter and Adamsen, 1993). Excessive amount of Na in different plant tissue 

especially the leaf alter the defense mechanisms by reducing the availability of less readily 

degraded Ca pectate. Higher Na concentrations also help in the growth of the pathogen 

(Pallaghy, 1970) and it also affects the opening of the stomata (Abdou et al., 1974). In the 

present study the application of Bion and neem leaf extract showed decrease the sodium 

content while salicylic acid, KOH and extracts of garlic and datura increase the sodium 

content. Due to lack of literature on this aspect, the role of sodium in resistance/susceptibility 

to Ascochyta rabiei could not be discussed further in more detail. 

6.3.5 Calcium contents of induced un-inoculated and inoculated plants of chickpea 
cultivars with A. rabiei 

The inoculated plants of induced group have more (P ≤ 0.05) calcium contents as compared 

to those that were un-inoculated. Calcium content was significantly higher (7844.0 ppm) in 

plants that were applied with aqueous solution of Bion at higher dose rate after 14th day (Fig. 
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6a, 6b, 6c). While in case of salicylic acid at the same interval the Ca content was (7837.66 

ppm) which is at par with Bion in the cultivar C-44. The lowest (2549.57 ppm) was in KOH 

treated plant 14th days after inoculation with A. rabiei. The cultivars Pb-91 and Bittle-98 

showed the same response but not significant variation in the Ca contents was observed at all 

the dose rates. The plant extracts also exhibited the same response with maximum calcium 

contents was observed in the C-44 cultivar (2549.57 ppm) which was significantly higher to 

datura and garlic application.  

Calcium is indispensable mainly due to its importance as a constituent of plant cell 

wall integrity and stability in the form of calcium pectate. Under the Ca deficient condition in 

the plants, there is leakage of sugar and amino acids from the cytoplasm to apoplast that makes 

the plant vulnerable to the attack of the pathogen. Secondly Ca is bound in the middle lamella 

if partly removed from the middle lamella the cell plasticity is increased (Devlin & Witham, 

1983; Taiz and Zeiger, 1998). It is therefore, obvious that plant that are deficient in calcium 

would have more plastic cells, which may make them more susceptible to different stresses. 

Increased cell plasticity may ease the entry of the pathogen into the host cells. Similarly the 

tissues with less amount of Ca are more prone the attack of the pathogen as compared to the 

normal level (Dordas, 2008). 

The Ca content of plant tissues affects the incidence of parasitic diseases in two ways. 

First, Ca is essential for the stability of biological membranes; when Ca levels are low, the 

efflux of low molecular weight compounds, e.g., sugars from the cytoplasm into the apoplast 

are enhanced. Second, Ca is bound in the middle lamella for cell wall stability (Taiz and 

Zeiger, 1998). The role of Ca in fungal and bacterial diseases is evident and a close relationship 

between plant resistance to bacterial diseases and further calcium also sturdily restrain the 

activity of pectolytic enzymes released by fungi to dissolve the middle lamella of the cell wall 

of the host. Calcium contents in case of bean influenced the activity of polygalacturonase and 

pectate transeliminase by reducing them with increasing Ca content resulting in a higher 

resistance to soft rot disease caused by Erwinia carotovora (Platero and Tejerina, 1976). The 

decreasing incidence of apple decay caused by Gloeosporium perennans or the lower 

infestation of lettuce with grey mould, Botrytis cinerea, at higher Ca contents (Krauss, 1971) at 

increasing Ca contents can also be related to the control of pectolytic enzymes by Ca. A 

putative mechanism by which Ca is believed to provide protection against Sclerotinia 
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sclerotiorum is through binding of oxalic acid or by strengthening the cell wall. The results 

of (Filippi and Prabhu, 1998; Sahi et al., 2010) are in line with the present study as the out 

come indicated that calcium content of chickpea cultivars after induction of resistance and 

inoculation was significantly higher, which supports the above hypothesis that increased Ca 

contents make the host resistance to the attack of pathogen. Same response in the lentil 

cultivars has already been reported against rust disease (Reddy & Khare, 1984). 

6.3.6 Magnesium contents of induced un-inoculated and inoculated plants of chickpea 
cultivars with A. rabiei 

The data regarding the Mg content of both the group, induced un-inoculated and induced 

inoculated, is given in (Fig. 7a, 7b, 7c). Application of disease resistance inducer chemical 

significantly (P ≤ 0.05) increase the Mg contents in both the group but this increase was 

more pronounced by the application of Bion (1197.28 ppm) as compared to all other 

chemicals. Application of salicylic acid also increased the content in the cultivar C-44 but it 

was less (1189.99 ppm) as compared with Bion application at the highest dose rate 14th day 

after induction and inoculation with A. rabiei, however, there was less increase (594.49 

ppm). The plant extract also increased the Mg content which was more in the neem leaf 

extract treated plants (387.47 ppm) while the increase in case of datura (251.94 ppm) and by 

garlic (202.88 ppm) extract. 

The induced un-inoculated plant of cultivar C-44 also showed the increasing trend 

being more by the application of Bion (1042.44 ppm) after 7th day of application followed by 

(1137.37 ppm) in the salicylic acid and (518.35 ppm) in case of KOH at the lowest dose rate. 

The plant extracts also caused increase but that was not significant with (340.11 ppm) in 

neem after 14th day of application at 10% dose rate while in case of datura (218.37 to 218.81 

ppm) and garlic (168.85 to 169.85 ppm) after 7th and 14th day. The same trend was followed 

in case of Pb-91 and Bittle-98 with maximum (1023.81 ppm) Mg content was recorded in 

Bion treated plant after 14th day followed by (999.0 ppm) by the application of salicylic acid 

in comparison very less amount (173.51 ppm) of Mg content was recorded in garlic extract. 

The induced and un-inoculated plant showed the increase in case of salicylic acid and Bion 

treated plants while KOH, neem, datura and garlic increased the small amount of Mg content 

with out inoculation after 7th and 14th day of induction in the cultivar Pb-91. Mg content 

(152.07 ppm) was exhibited by plants of cultivar Bittle-98 after induction and inoculation 

with pathogen while salicylic acid showed (903.13 ppm) Mg content followed by (903.13 
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ppm) in Bion treated plants. Similar results were also reported by Randhawa (1994) that 

there was increase in the Mg content upon inoculation with the pathogen but Sahi et al., 

(2010) reported that significant increase in magnesium content of resistant lines of lentil but 

on the contrary there was highly significant decrease in the magnesium content of susceptible 

lines. Three times foliar spray with either jasmonic acid or salicylic acid significantly 

increased Mn contents in the tomato plant against Fusarium oxysporum but it was more with 

AM fungi plus JA in both leaves and roots (El-Khallal, 2007). 

Manganese is considered to be the most premeditated micronutrient in the 

development of resistance in plants in case of both root and foliar diseases (Graham and 

Webb, 1991; Heckman et al., 2003). Mn also has direct role in the synthesis of lignin, 

biosynthesis of phenol, photosynthesis and various other functions (Marschner, 1995; 

Graham and Webb, 1991). Mn also inhibits the initiation of an enzyme amino peptidase, 

which provides essential amino acids for fungal growth and also pectin methyl-esterase that 

degrades host cell walls. Furthermore manganese controls lignin and suberin biosynthesis 

(Römheld and Marschner, 1991) which are biochemical barriers to fungal pathogen invasion 

(Hammerschmidt and Nicholson, 2000; Vidhyasekaran, 2004) by the activation of various 

enzymes in the shikimic acid and phenyl propanoid pathways (Marschner, 1995) as they are 

phenolic polymers resistant to enzymatic degradation (Agrios, 2005). 

6.3.7 Zinc contents of induced un-inoculated and inoculated plants of chickpea cultivars 
with A. rabiei 

The amount of zinc content of both groups, induced un-inoculated and induced inoculated, 

showed the increased trend (Fig. 8a, 8b, 8c) which was significant (P ≤ 0.05), in case of Bion 

application (104.23ppm) followed by (99.41 ppm) in salicylic acid treated plants with least 

amount of Zn contents (49.70 ppm) was recorded in C-44 14th day after induction and 

inoculation. In case of plant extracts neem leaf exhibited significant increase (33.97 ppm), Zn 

content as compared to datura (24.45 ppm) and garlic (25.45 ppm) extracts. The later two 

showed the increase but it was at par with each other. 

The Zn contents in the cultivar Pb-91 was also increased by the application of 

resistance inducing agents and it was more pronounced after inoculation with the A .rabiei 

with maximum (87.07 ppm) was recorded in Bion treated plants as compared to KOH (41.10 

ppm) while salicylic acid treatment induced (82.2 ppm) Mg contents 14th days after 

inoculation and induction. The un-inoculated and induced plants also showed increaseed but 
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that was significant by the application of salicylic acid and Bion but non significant in KOH 

treated plants. 

Application of plant extracts, garlic (19.78 ppm) and datura (19.91 ppm) exhibited the 

increase in Zn content but that was not statistically different from each other on the other 

hand the neem leaf extract enhances the Zn contents (26.62 ppm) which was different from 

all the other extract in case of Bittle-98. Application of KOH resulted in (33.77 ppm) Zn 

content which was significantly lower than that of Bion (72.92 ppm) and salicylic acid 

(67.54) at the highest dose rates after 14th day of induction and inoculation. 

The results of the present findings are in line of Sahi, et al (2010) found that Zinc content 

of susceptible lentil lines was higher than that of the resistant ones prior to inoculation with 

the pathogen and it even increased in both the groups, increase being more pronounced in 

case of susceptible group. These results are similar to those recorded by Randhawa (1994) in 

case of chickpea blight caused by A. rabiei interaction but opposite to those obtained by 

Reddy & Khare (1984) in lentil Uromyces fabae interaction. Zinc has also been reported to 

completely inhibit the mycelial growth of Aspergillus carneus and A. ellipticus at 500 mg L-1 

(Moslem & Parvez, 1992). 

Zinc as an activator of Cu/Zn-SOD, is involved in protection against oxidative 

damage by the detoxification of superoxide radicals (Cakmak, 2000). There is invariable 

response to the level of Zn in decreasing or increasing or no effect toward plant susceptibility 

to disease (Grewal et al., 1996). The application of Zn reduced disease severity due to its 

toxic effect directly to pathogen and not through the plant’s metabolism (Graham and Webb, 

1991). Zinc also plays a role in the synthesis of protein and starch (Römheld and Marschner, 

1991). Application of Zn to the soil reduced infections by Fusarium graminearum (Schwabe) 

and root rot diseases, e.g. caused by Gaeumanomyces graminis (Sacc.) in wheat (Grewal et 

al., 1996). 

6.3.8 Copper contents of induced un-inoculated and inoculated plants of chickpea cultivars 
with A. rabiei 

The amount of copper content varies in all the three chickpea cultivar which was 

significantly different (Fig. 9a, 9b, 9c) in induced un-inoculated and induced inoculated 

plants. The highest increase was found in the Bion treated plants applied @ 1.2mM which 

was (126.2 ppm) in induced un-inoculated while upon inoculation with A .rabiei there is 

decrease in the contents that was (90.99 ppm). KOH treated plants showed (61.73 ppm), 
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however application of salicylic acid at highest dose rate decreased (86.033 pmm) the Cu 

contents which was high with out inoculation (122.13 ppm) at 1.5mM dose rate 14th day of 

inoculation and induction of resistance in the cultivar C-44. The neem leaf extract decreased 

the Cu content (42.02 to 39.99 ppm) after 7th and 14th day, on the other hand application of 

datura and garlic extract was almost the same (29.53 ppm) and (28.74 ppm) in the cultivar 

Pb-91. The trend of increased Cu content was continued in the cultivar by the application of 

salicylic acid (71.66 ppm) and Bion (77.19 ppm) while the lowest was recorded in KOH 

(35.83 ppm). The plant extracts showed the change in the Cu content with a maximum 

produced by the neem (35.63 ppm) and lowest by the garlic (16.25 ppm). In case of un-

inoculated plants Bion after 7th and 14th days produce Cu content range (34.47 to 37.47 ppm) 

at 0.8mM dose rate. The cultivar Bittle-98 (P ≤ 0.05), increased was exhibited by the 

application of Bion (53.29 ppm) after 14th day of induction and inoculation with A.rabiei 

which was different with treatment where KOH was applied. The plant extract of datura 

showed maximum content (18.41 ppm) followed by neem (17.78 ppm) and garlic (15.02 

ppm). This was most likely due to the involvement of Cu cations in the formation of 

phytotoxins as already reported (Chen and Strange, 1991). The results reported by Yardımcı 

et al, (2007) showed that healthy alfalfa plant leaves contains more Cu contents (48.50 ppm) 

as compared to infected one. Wheat variety Kenya was less susceptible to mildew, E. 

graminis grown on copper deficient sand culture as compared to more susceptibility when 

grown on boron deficient and fairly resistant to infection when grown upon a balanced 

nutrient solution (Schutte, 1967). 

Copper cations were found to be involved in the synthesis of solanapyrone A, B and 

C along with other mineral elements. After having the information about the involvement of 

Cu cations in the formation of phytotoxins and ultimate disease condition, it would be easy to 

deduce that the induced plant upon inoculation had higher content of Cu in Pb-91 and Bittle-

98 but was less in C-44, would easily be in a position to spare the required amount of cations 

for the formation of phytotoxins. At the same time, it would be having enough of the cations 

to be utilized for the performance of its own life functions and hence would not suffer from 

disease. 
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6.3.9 Iron contents of induced un-inoculated and inoculated plants of chickpea cultivars 

with A. rabiei 

An increase in the iron content upon induction un-inoculation and with induction un-

inoculation with the pathogen was highly significant (P ≤ 0.05), in all the chickpea cultivars 

(Fig. 10a, 10b, 10c) at all the dose rates. The maximum Fe contents (998.13 ppm) was 

recorded in Bion treated plant in C-44, (615.24) in Pb-91 and (371.87 ppm) in the cultivar 

Bittle-98 14th day after induction inoculation plants. On the other hand in case of un-

inoculated plant (639.06, 440.1 and 366.31 ppm) was recorded at the same time interval. 

Salicylic acid exhibited Fe content (960.58 ppm) in C-44, in Pb-91 (603.76 ppm) and (360.29 

ppm) in of Bittle-98 14th day after induction inoculation with the pathogen. The lowest 

(180.14) was recorded in the cultivar Bittle-98 after treatment with KOH at the highest dose 

rate. 

The plant extracts also showed an increase in the Fe content which was maximum 

(326.97 ppm) in C-44 followed by (200.56 ppm) in Pb-91 and (120.43 ppm) in case of Bittle-

98 14th day after induction inoculation with A. rabiei. Extract of datura was able to induce 

less Fe content in all the three cultivars (160.16, 99.94 and 63.24 ppm) in C-44, Pb-91 and 

Bittle-98 respectively. 

Iron is a critical micro-nutrient which plays a role in the vital processes such as 

photosynthesis, DNA replication and respiration in the plant (Rehman and Punja, 2006). It is 

also significant important micronutrient for animals and human beings as its deficiency 

results in the induction of anemia; however, the role of Iron in resistance to diseases is not 

well documented. Therefore Fe differs from the other micronutrients such as Mn, Cu and B, 

for which microbes have lower requirements. Several plant pathogens, like Fusarium, have 

higher requirements for Fe or higher utilization efficiency compared with higher plants 

therefore addition of Cu, Mn and B to deficient soils generally benefits the host, whereas the 

effect of Fe application is not as straight forward as it can have a positive or negative effect 

on the host. Fe is a component of peroxidase enzyme and stimulates other enzymes involved 

in the biosynthetic pathway. Fe can activate enzymes that are involved in the infection of the 

host by the pathogen or its defense, which is why opposite effects were found (Graham and 

Webb, 1991). Fe can control or reduce the disease severity of several diseases such as rust 

and smut in wheat and Colletotrichum musae in banana (Graham, 1983). Foliar application 
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of Fe can increase resistance of apple and pear to Sphaeropsis malorum and cabbage to 

Olpidium brassicae (Graham, 1983). 

As far as the estimation of findings towards mineral contents of induced un-

inoculated and induced inoculated of three chickpea cultivars are concerned; only one paper 

was available with more relevant study (El-Khallal, 2007). Other studies like (Sahi et al., 

2007, 2010) although related with this type of studies but induce resistance by the use of 

chemicals and plant extracts were not properly explored. This is the maiden attempt toward 

the management of chickpea blight by the application of resistance inducers. Moreover, there 

is a general feeling (founded or not) among the researchers that susceptible lines possess 

better uptake capacity of nitrogen compared to resistant lines. Hence, these become more 

prone to various hazards. 

The other relevant information that deals with the activity of mineral elements is 

about the role of divalent metal cations of Zn, Mn, Ca and Cu (Chen and Strange, 1991). 

These cations were found to be essential constituents in the production of solanapyrones A, B 

and C in the presence of aqueous extract of chickpea. 
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Fig.2a. Mean comparison of nitrogen contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.2b. Mean comparison of nitrogen contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.2c. Mean comparison of nitrogen contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.3a. Mean comparison of phosphorus contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.3b. Mean comparison of phosphorus contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.3c. Mean comparison of phosphorus contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.4a. Mean comparison of potassium contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.4b Mean comparison of potassium contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.4c Mean comparison of potassium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.5a. Mean comparison of sodium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig. 5b. Mean comparison of sodium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.5c Mean comparison of sodium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.6a. Mean comparison of calcium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.6b. Mean comparison of calcium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.6c. Mean comparison of calcium contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.7a. Mean comparison of magnesium contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.7b. Mean comparison of magnesium contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.7c. Mean comparison of magnesium contents (percent dry weight) after 7th and 14th days 
of induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.8a. Mean comparison of zinc contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 

 
 



 157

Z
n

ic
 c

on
te

n
ts

 (
p

p
m

) 

A 

25

35

45

55

65

75

85

95

105

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

0.5mM 1.0mM 1.5mM
LSD (5%) = 3.257

B 

20

30
40

50
60

70
80

90
100

110

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

0.4mM 0.8mM 1.2mM
LSD (5%) = 2.512

C 

10

15
20

25

30

35
40

45
50

55

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

25mM 50mM 75mM
LSD (5%) = 2.922

D 

5

10

15

20

25

30

35

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

LSD (5%) = 1.509

E 

4

8

12

16

20

24

28

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

5% 10% 15%
LSD (5%) = 1.608

F 

0

5

10

15

20

25

30

35

Ind.& un.inoc. Ind.& inoc. Ind.& un.inoc. Ind.& inoc.

7 days 14 days

5% 10% 15%
LSD (5%) = 2.413

Fig.8b. Mean comparison of zinc contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.8c. Mean comparison of zinc contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.9a. Mean comparison of copper contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar C-44. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.9b. Mean comparison of copper contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.9c. Mean comparison of copper contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) 
neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in 
cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.10a. Mean comparison of iron contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar C-44. 

Data are means of three repeated pexperiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.10b Mean comparison of iron contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Pb-91. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.10c. Mean comparison of Iron contents (percent dry weight) after 7th and 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivar Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Chapter VII 

Variation in amino acid contents of induced un-inoculated and induced inoculated 
chickpea cultivars with Ascochyta rabiei  

Abstract 

 The quantities of methionine, isolucine, tyrosine and phenylalanine content increased 

after induction and inoculation in three cultivars of chickpea and comparatively higher than 

induced un-inoculated plants. Increase in lysine content was more in C-44 upon inoculation 

in case of Bion and salicylic acid treatment but it decreased in Bittle-98. Arginine and 

aspartic acid contents also increased in all the cultivars expect in Bittle-98, however, aspartic 

acid content increased in case of garlic application. Variable response was shown by 

threonine content by the application of chemicals and inoculation with pathogen in all the 

cultivars. Serine contents decreased in KOH, neem and datura extracts application in Bittle-

98. Glutamic acid show invariable response while proline was decreased in C-44 and Bittle-

98 after application of garlic extract. Glycine content decrease in Bittle-98 otherwise it 

increase in all the cultivar Garlic application showed decrease in alanine content inPb-91 and 

Bittle-98. 

Keywords: chickpea (Cicer arietinum L.), Ascochyta rabiei, (Pass) Labr, Induce resistance, 

resistant vs susceptible cultivars, amino acid contents. 

7.1 Introduction 

Plant pathologist continued to face immense challenges in the years ahead due to 

continuing problems of breakdown of host resistance and fungicide insensitivity, furthermore 

there is a threat of global climate change, its impact on the pathogen spread and the ever-

increasing human population (Walter et al., 2005). Plant Pathologists should be one step 

ahead of the pathogen, by understanding host pathogen interaction, providing the means to 

protect crops, due to fewer chemicals available for disease control (Walters and Fountaine, 

2009). In this context application of biotechnology would be a better choice to minimize the 

incidence of disease in agricultural crops (Lyon and Newton, 1999). One such approach 

might be through the induction and improvement of the plant’s own mechanisms of defence 

rather than the application of toxic compounds. The induction of such a plant defence 

strategy seems logical as the induced disease resistance in plants is likely to offer protection 

against different pathogens; the attractive alternative which is natural, safe, effective and 

sustainable in controlling plant diseases (Van Wees et al., 1997) further it is preferred due to 
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the reason that it activates the natural defense system of the host. So chances of resistance 

development are less and its affectivity remains for longer period of time (Kuc, 2001). 

This study can unravel many of the complicated biochemical interactions between the host 

and the pathogen. Plants can defend themselves against different pathogens through a wide 

array of mechanisms that may be local, systemic, inducible or constitutive. The induced is 

the stimulation of natural defense system in plants by the application of biological agent of 

chemicals (inducers) that are compatible with the environment (Altamiranda et al., 2008). 

They don’t have the ability to produce the identical responses and it may vary according to 

host pathogen interaction (Gozzo, 2003). The induced resistance is not due to antimicrobial 

activity per se or their ability to be transformed into antimicrobial agents but different 

mechanisms may involve not only some pre-formed components but also a ‘cascade’ of 

induced responses (Ryals et al., 1996). The compounds like phytoalexins, reactive oxygen 

species/free radicals, calcium, silicon/silicates, polyphenoloxidases, peroxidases (has been 

implicated in the hypersensitive response), phenolic cross-linked cell wall polymers, 

hydroxyproline and glycine-rich glycoproteins, thionins, antimicrobial proteins and peptides, 

chitinases, β-1,3-glucanases, ribonucleases, proteases, callose, lignin, which help in the 

reinforcement of cell wall due to its deposition, polymer, lipoxygenases and phospholipases 

are synthesized and accumulated which may contribute to resistance after the infection by the 

pathogen (Kessman et al., 1994; Sticher et al., 1997; Hutcheson, 1998; van Loon et al., 

1998). This cascade of resistance factors is induced only when a plant recognizes the 

presence of a potential pathogen and the compounds capable of triggering such responses are 

termed elicitors. Application of salicylic acid, Bion, KOH and plant extracts of neem, garlic, 

datura induce systemic resistance in different host pathogen interaction by enhancing their 

defence mechanism by releasing different enzymes, peroxidases, polyphenoloxidases 

pathogenesis related proteins (PR) chitinases, β-1,3-glucanases etc.(Paul and Sharma, 2002; 

Sarwar et al., 2005; Guleria and Kumar, 2006; Ajay and Baby, 2009: Boava et al., 2009). It 

has been reported that some PR proteins have chitinase (PR-2) group and β-1,3-glucanases 

(PR-3 group) activity in vitro (Mauch et al., 1988). These hydrolytic enzymes capable to 

degrading fungal cell wall polysaccharides, chitin and β-1,3-glucan, so inhibit the fungal 

growth (Roulin and Buchala, 1995). 



 167

Chickpea blight disease caused by Ascochyta rabiei (Pass) Labr is devastating disease 

which upsets production statistics of this crop in the country (Ilyas, 1999; Bashir and Malik, 

1998). Under environmental conditions conducive to the development of disease epidemics 

of disease may be encountered causing 50-70% crop losses (Malik and Bashir, 1984; Malik 

and Tufail, 1984). The disease can be managed by the use of disease free seed (Kaiser, 1984), 

destruction of plant debris (Chaube and Pandey, 1986), foliar and seed dressing fungicides 

(Reddy and Singh, 1984; Rauf et al., 1996) and host plant resistance (Iqbal et al., 2002; 

Ahmad et al., 2006; Malik et al., 2006). Since various bio-chemical factors like phytoalexins, 

phenolic compounds, amino acids and minerals contribute to resistance of host plants against 

their pathogens (Jamil et al., 1990; Vir and Grewal, 1994). Lot of information regarding the 

role of different biochemical substance in resistance against A. rabiei are available like 

(Sarwar et al., 2001) reported maximum PAL activity was record 12 to 24 hours after 

inoculation in the resistant chickpea cultivar, while it took about five to nine day in the 

susceptible cultivar yet very few reports are available on the role of induce resistance in 

chickpea against A. rabiei and its effect on biochemical factors of induced plant. Chaudhry et 

al., (2001) reported that total phenolic contents and peroxidase activity was enhanced in the 

treated plants with salicylic acid, dipotssium hydrogen phosphate, cuprous chloride as 

compared to control. The objective of this study was to study the variation in amino acid 

contents of induced un-inoculated and induced inoculated chickpea cultivars after treatment 

with resistance inducer chemicals and plant extracts and inoculation with A. rabiei. 

7.2 Materials and methods 

 The plant samples were collected from the induced un-inoculated and induced 

inoculated with A. rabiei. The samples were dried in an oven at 55C for 120 hours (to get 

constant weight) and ground. In order for the determination of amino acid profile, 100 mg of 

ground sample was placed in Pyrex glass test tubes (30 ml), prepared by heat stretching in 

the middle in order to look like a damsel fly. Ten mL of 6 N HCl (reagent grade) was added 

to each of these test tubes. The oxygen from these test tubes was removed by a continuous 

flow of nitrogen gas. The test tubes were sealed with a pin point oxygen flame. The sealed 

tubes were placed in an upright position in an oven regulated at 110  1C for 22 hours. The 

tubes were allowed to cool at room temperature. The hydrolyzate so formed was evaporated 

under vacuum at 60C for drying. The dry film of hydrolyzate was dissolved in 5 mL of 0.02 
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N HCl (pH = 2.2). The soluble material was centrifuged to remove the sediments and the 

samples were stored in glass stoppered bottles at 4C until used for amino acid analysis. 20 

µL of the hydrolyzate was loaded on an ion exchange column of the automatic amino acid 

analyzer (Hitachi L-8500 A, Japan) installed in the Central High-Tech Laboratory, 

University of Agriculture, Faisalabad. Acidic and neutral amino acids were eluted with 

sodium citrate buffer at pH 3.25 and 4.25 respectively. The elusion was done at flow rate of 

15 and 30 mL/hour for ninhydrin and citrate buffer, respectively. The concentration of amino 

acids was calculated by the following formula: 

Amino acid (%) = Peak area/constant 

The study on determination of amino acids included the analysis of lysine, arginine, 

aspartic acid, threonine, serine glutamine, proline, glycine, alanine, valine, methionine, iso-

leucine, leucine, tyrosine and phenylalanine. Various amino acids were determined by the 

Amino Acid Analyzer in the form of graphic peaks and the concentration of each amino acid 

was calculated by the above mentioned formula. 

7.2.1 Statistical Analysis 

The experimental was set up with 03 replicates and the result were compared by ANOVA 

and tested by Duncan’s multiple range test to find the differences between treatment means at 

5% (0.05) significant level (Steel et al., 1997). Data were analyzed using the general 

Statistical Analysis system (SAS). 

7.3 Results and Discussion 

Due to involvement of heavy cost for the purchase of chemicals in amino acid 

analysis, samples of plant induced inoculated and uninoculated after 14th days were subjected 

to studies regarding the role of amino acids. The whole plant samples from induced un-

inoculated and induced inoculated of three chickpea. They were oven-dried at 55ºC for 96 

hours to get constant weight. These samples were processed for the estimation of amino acid 

profile. Content of different amino acids are expressed in terms of µg/100 mg dry weight of 

plant sample. The results are depicted as below. 

7.3.1 Lysine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The lysine content of induced un-inoculated and induced inoculated plant of three chickpea 

cultivars with chemicals and plant extracts are given in Fig 11., the lysine content (P ≤ 0.05) 
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of cultivar C-44 was highest (range 487.8 to 498.33 µg/100 mg) by the application of higher 

dose of Bion, but it was less (466.33 µg/100 mg) with out inoculation. The same trend was 

followed in the cultivar Pb-91 with maximum (449.36 µg/100 mg). Bion application and 

inoculation with pathogen decrease the lysine content in Bittle-98 (range 403.46 to 411.0 

µg/100 mg) as compared to (414.83 to 418.96) µg/100 mg with out inoculation respectively 

at three dose rates. 

The response of all the three cultivars by the application of salicylic acid exhibited the 

increasing trend with maximum produce (range 382.46 to 395.06 µg/100 mg) in cultivar C-

44 while in case of un-inoculated (range 328.93 to 339.6 µg/100 mg). The cultivar Bittle-98 

exhibited decreasing trend upon inoculation with the fungus (range 211.93 to 225.86) µg/100 

mg. In case of KOH application, the lysine content were more in C-44 and upon inoculation 

with the pathogen the lysine content showed increased level even in the cultivar Bittle-98, 

further cultivar Pb-91 at the higher dose rate showed increasing behavior (range 167.133 to 

176.16) µg/100 mg with maximum in case of C-44. The plant extracts also showed 

significant (P ≤ 0.05) increasing trend after induction and inoculation with A. rabiei with 

maximum increase occurred in case of neem leaf extract (161.9 µg/100 mg) at highest dose 

rate while on the lower dose rate the increase was (136.43 to 156.56 µg/100 mg). The 

cultivar Bittle-98 showed decrease trend after inoculation with the pathogen (range 64.36 to 

75.23) as compared to the ones (range 79.4 to 85.56) with out inoculation. The extract of 

datura caused enhancement in the lysine content with maximum (81.0) µg/100 mg in case of 

C-44, the cultivar Bittle-98 showed reverse response as earlier treatment. The garlic extract 

induced the enhancement of lysine content but it was quite low as compared to other 

treatments with lowest (2.8 µg/100 mg) was recorded in case of Bittle-98 upon induction and 

at the same time the increase in case of Pb-91 and C-44 was not significant at medium and 

high dose rate. 

7.3.2 Arginine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The quantity of arginine presented in the Fig 12 showed significant (p ≤ 0.05) production in 

both the induced/un-inoculated and inoculated with A.rabiei. Induction by sresulted in an 

increase in the amount of arginine contents in all the three cultivars. It was higher in C-44 

and ranged from 544.06 to 557.96 µg/100 mg after inoculation with fungus while in case of 

un-inoculated it was 520.16 µg/100 mg. The highest amount of arginine was produced by in 
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C-44 by the application of Bion at higher dose rate (range 616.43 to 624.73 µg/100 mg). 

Arginine content was increased by the application of KOH in the cultivar C-44 (range 300.53 

to 315.63 µg/100 mg) but it was reverse incase of Pb-91 and Bittet-98 exhibited declined 

trend by the application of KOH with least in Bittle-98 (range 91.5 to 109.2 µg/100 mg). The 

KOH application did not produced as much amount of arginine as in case of salicylic acid 

and Bion treatments. 

The plant extracts also exhibited increase in the content of arginine significantly (P ≤ 

0.05), maximum being produced by the application of neem leaf extract ranged from 153.46 

to 164.83 µg/100 mg in the cultivar C-44 while Bittle-98 displayed decline in arginine 

content from 101.567 to 91.86 µg/100 mg after inoculation with the pathogen, this 

decreasing trend was also followed in case of Bittle-98  from 43.1 to 29.56 and (34.23 to 

23.16 µg/100 mg) after treatment with extracts of datura and garlic and inoculation with 

pathogen but in case of C-44 and Pb-91 there is increasing tendency was observed. 

7.3.3 Aspartic acid contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

Fig 13 represents the aspartic acid contents (P ≤ 0.05) of both induced un-inoculated and 

inoculated plants of three chickpea cultivars. The data revealed that among chemicals applied 

for induction of resistance against A. rabiei, KOH was the least effective in the production of 

aspartic acid content with maximum in cultivar C-44 (range 375.5 to 423.46 µg/100 mg), but 

the declined tendency was followed in case of Bittle-98 (range 92.1 to 125.23) as compared 

to (114.96 to 139.5 µg/100 mg) in case of un-inoculated respectively. Application of Bion 

and salicylic acid increased the aspartic contents in all the cultivars with maximum (range 

701.56 to 723.1) and (range 636.3 to 676.2 µg/100 mg) in the cultivar C-44. The amount of 

aspartic acid in cultivars Pb-91 and Bittle-98 increased by the application of Bion and 

salicylic acid with less (424.36 to 467.63 µg/100 mg) in case of Bion treated plants. 

The aspartic acid content was decreased (73.43 to 63.5 µg/100 mg) by the application 

of datura extract in the cultivar Bittle-98, while increased trend was followed in case of neem 

leaf extract (range 219.4 to 241 µg/100 mg) in cultivar C-44. The least amount (range 37.36 

to 58.26 µg/100 mg) of aspartic acid content was shown in the garlic treated plants. Among 

all the resistance inducers (chemicals and extracts) the less was produce by the extracts as 

compared to chemical with Bion proved to be superior. 
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7.3.4 Threonine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

There was an increase in the threonine contents of both the induced un-inoculated and 

inoculated though it was more pronounced by the application of chemicals in cultivar C-44 

(Fig 14). The application of neem leaf extract resulted increase (range 501.26 to 545.3 

µg/100 mg) in C-44. Moreover this tendency continued in other two cultivar Pb-91 and 

Bittle-98. The application of datura and garlic extract did not followed this pattern as there is 

decrease in threonine content in cultivar Bittle-98 with minimum (203.23 to 155.433 µg/100 

mg) in case garlic extract. 

In general, there was an increase in threonine contents by the application of chemical 

with maximum (range 1406.38 to 1438.53 µg/100 mg) in the cultivar C-44 and higher 

contents was recorded in Pb-91 but reverse was in case of Bittle-98 (1142.2 to 1052.2 µg/100 

mg). Although there was decreased but threonine contents was almost near to the content in 

case of salicylic acid application in the cultivar Pb-91 with (1029.47 to 1055.67 µg/100 mg) 

yet the maximum was recorded in case of C-44 (range 1172.47 to 1194.33 µg/100 mg) The 

application of KOH as resistance inducer resulted in an increase in the threonine content but 

it was decreased in case of Bittle-98 (from 659.27 to 539.27 µg/100 mg). More threonine 

content was observed in case of chemicals and less in case of plant extracts. 

7.3.5 Serine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The quantity of serine was increased in all the treated and inoculated plants but it decreases 

in the cultivar Bittle-98 by the application of chemicals and plant extracts expect garlic 

extract (Fig.15). The maximum increase (range 803.6 to 856.16 µg/100 mg) in the serine 

content was recorded in salicylic acid treatment with higher dose in the cultivar C-44 

followed by Bion (range 781.53 to 821.83 µg/100 mg). The cultivar Pb-91 also showed 

increasing tendency (range 751.36 to 789.96 µg/100 mg) but with comparison to C-44 it was 

less in serine content in Bion treated plants. The KOH treated plants exhibited decrease 

(372.1 to 273.53 µg/100 mg) in the serine contents in the cultivar Bittle-98 but was high in 

case of C-44 and Pb-98. 

Neem extract with maximum (range 416.96 to 462.33 µg/100 mg) serine content 

increased in cultivar C-44 was best as compared to datura and garlic but on over all bases it 

was less compare to chemical application. The serine content was decreased (170.7 to 74.66 
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µg/100 mg) in case of neem extract and (91.83 to 57.53 µg/100 mg) by the application of 

datura extract but it showed an increase (39.6 to 61.56 µg/100 mg) in the cultivar Bittle-98. 

The cultivar Pb-91 also exhibited less serine content upon inoculation with A. rabiei and 

application of datura extract (181.73 to 137.56 µg/100 mg) but more content in case neem 

(238.7 to 318.53 µg/100 mg) and garlic (137.46 to 198.56 µg/100 mg) extract. 

7.3.6 Glutamic acid contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

Glutamic acid content in Bion treated plants after inoculated with A. rabiei showed increased 

trend (range 846.73 to 934.96 µg/100 mg) in the cultivar C-44 at all the three dose rates after 

14th days (Fig 16), however it was (503.23 to 560.5 µg/100 mg) in the salicylic acid treated 

plants of the same cultivar. The cultivar Bittle-98 showed decrease trend with (649.03 to 

556.7 µg/100 mg) at highest dose rate while in case of Bion application (289.36 to 163.33 

µg/100 mg) decreased was observed in case of salicylic acid treatment. On the other hand the 

same cultivar showed increasing (204.16 to 285.26 µg/100 mg) trend by the application of 

KOH. Cultivar Pb-91 exhibited highest (855.33 µg/100 mg) glutamic acid content in case of 

Bion application and lowest (405 µg/100 mg) with KOH. 

Garlic extract with (181.8 to 134.3 µg/100 mg) reduction in the glutamic acid content 

in the cultivar C-44 but it was increased in the cultivar Pb-91 and Bittle-98. The increased 

tendency was followed in case of neem and datura extract in the three cultivars maximum 

being (375. 2 µg/100 mg) in cultivar C-44 while minimum (182.2 µg/100 mg) was in case of 

Bittle-98. 

7.3.7 Proline contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The increased trend was exhibited in the proline contents by the application of chemical 

inducers and upon inoculation with the pathogen (Fig 17), maximum (112.3 to 161.56 

µg/100 mg) was in case Pb-91 by the application of Bion followed (140.23 µg/100 mg) in 

case of C-44. Upon inoculation with the pathogen, in salicylic treated plant of cultivar C-44, 

proline content was (102.63 µg/100 mg) while it was quite less in case of KOH application in 

the same cultivar (52.2 µg/100 mg). Cultivar Bittle-98 exhibited (83.2, 170.26 and 36.2 

µg/100 mg) proline content in salicylic acid, Bion and KOH treated plants. 

Proline content in case of garlic extract was reduced in C-44 (20.6 to 17.46 µg/100 

mg) and Bittle-98 (14.43 to 12.16 µg/100 mg), however, the opposite was noticed by the 
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extracts of neem and datura with maximum increase (range 22-41 to 41.83 µg/100 mg) occur 

in C-44 while the increase in case of Pb-91 and Bittle-98 was also significant. 

7.3.8 Glycine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The glycine contents of both the groups increased (Fig 18) but it was more distinct in case of 

chemicals than the plant extracts. The maximum glycine content (from 390.8 to 418.2 µg/100 

mg) was produced in the Bittle-98 in Bion treatment followed by Pb-91 with (399.43 µg/100 

mg) glycine content. There was less increase in the glycine content in C-44 in all the 

treatment salicylic acid, Bion and KOH (273.33, 385.23 and 189.23 µg/100 mg) and 

consequence of inoculation with the pathogen. Cultivar Pb-91 exhibited enhanced content of 

glycine but it was less than Bittle-98 and more in comparison with C-44. 

Extract of datura increases the glycine content (125.23 to 130.66 µg/100 mg) in the 

cultivar C-44 but higher (154.56 µg/100 mg) glycine content was shown in case of Bittle-98. 

The highest among the plant extract was demonstrated by neem (171.26 µg/100 mg) in the 

cultivar Pb-91. On overall basis variable response in the increase of glycine content was 

shown by the cultivars after treatment with plant extract and inoculation with pathogen. 

7.3.9 Alanine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

Alanine contents (Fig 19) was influenced by the application of plant extracts but not greatly 

as in case of chemicals. There was declining trend in the alanine content by the application of 

garlic extract in Pb-91 and Bittle-98. The maximum (from 36.06 to 58.13 µg/100 mg) alanine 

content was produced in the neem treated and inoculated plant in C-44. 

The alanine content of was maximum (493.26 µg/100 mg) in the cultivar C-44 as a 

result of inoculation with A. rabiei, however the increase was less (129.46 µg/100 mg) in 

case of KOH treated plant, salicylic acid application to the same variety resulted in 193.26 

µg/100 mg) alanine content (Fig 19). Alanine content was low (68.33 µg/100 mg) in case of 

Bittle-98 after the application of KOH and inoculation with the pathogen. Cultivar Pb-91 

displayed higher alanine content (235.2 µg/100 mg) in case of Bion treated and inoculated 

plants. 
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7.3.10 Valine contents µg/100 mg-1 of induced un-inoculated and inoculated plants of 

chickpea cultivars with A. rabiei 

The valine contents showed an increasing trend due to stimulus with the chemicals and upon 

inoculation with the pathogen (Fig 20). The maximum (from 245.2 to 271.467 µg/100 mg) 

valine content was achieved by the application of Bion application in the cultivar C-44 

followed by (211.53 to 229.26 µg/100 mg). KOH application also increases (108.23 µg/100 

mg) the valine content but not as much as in case of Bion and salicylic acid. There is also 

enhanced in the valine content after treatment with salicylic acid and inoculation with the 

pathogen in all the cultivars but most significant (207.33 to 232.53 µg/100 mg) in case of C-

44. 

Plant extracts of neem, datura and garlic contents increase invariably, neem extract 

increase the valine content (from 145.2 to 166.23 µg/100 mg) in inoculated plants while in 

Bittle-98 the valine decrease (from 97.2 to 91.93 µg/100 mg). In case of datura the increase 

was only in case of C-44 but in Pb-91 and Bittle-98, the decreasing trend was displayed upon 

inoculation. Similar trend was followed in case of garlic extract with decline in the valine 

content with minimum (from 10.16 to 25.2 µg/100 mg) in Bittle-98. 

7.3.11 Methionine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

As regards the methionine contents of induced un-inoculated and inoculated plants of 

chickpea cultivars were concern; it increased in all the treatments upon inoculation with A. 

rabiei (Fig 21). The more methionine content was more (from 156.3 to 178.76 µg/100 mg) in 

the cultivar C-44 by the application of Bion and this was followed by more content in Pb-91 

and Bittle-98. Salicylic acid also increases the methionine content more (85.3 to 106.3 

µg/100 mg) and the least was in case of KOH application (26.43 to 49.43 µg/100 mg) in 

cultivar Bittle-98 after inoculation and induction. Plant extracts also increased the methionine 

content but less quantity as compared with chemicals. The maximum (64.3 to 88.3 µg/100 

mg) was produced in case of neem leaf extract, followed by Pb-91 and Bittle-98. Methionine 

content was very (low 7.5 to 22.6 µg/100 mg) after treatment with garlic extract in the 

cultivar Bittle-98. 
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7.3.12 Iso-leucine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

Isoleucine contents of induced/un-inoculated and inoculated plants of is presented in Fig 22. 

In general, there was a tendency of increase in isoleucine content in all the three cultivars of 

chickpea as a result of inoculation with the pathogen. Thus, there is an increase (from 176.33 

to 197.36 µg/100 mg) in C-44 followed by Pb-91 and Bittle-98 after treatment with Bion. 

The application of salicylic acid increases the isoleucine content with maximum in (132.53 

µg/100 mg) in cultivar C-44 followed by Pb-91 (105.2 µg/100 mg) and Bittle-98 (81.93 

µg/100 mg). Application of KOH also enhanced the isoleucine content but was not too high 

as compared to Bion and salicylic treatment and inoculated pathogen. 

Garlic extract with highest (24.23 to 40.3 µg/100 mg) isoleucine content in C-44 was 

quite low as in case of neem and datura extract. The lowest content was recorded in Bittle-98 

with (50.4, 44.66 and 27.23 µg/100 mg) after application of neem, datura and garlic extracts. 

Over all the trend of increased isoleucine content was observed in chemicals treatment as 

compared to plant extracts. 

7.3.13 Leucine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The leucine contents of the chickpea cultivar belonging to the two groups are given in Fig 23. 

The cultivar C-44 after application of garlic extract, the increase ranges from (86.83 to 106.0 

µg/100 mg) followed by (76.36 µg/100 mg-1) in Pb-91 and (53.3 µg/100 mg) in Bittle-98. 

Neem extract with (161.4 µg/100 mg) was considered as best among all the extract in 

increasing the leucine content. The extract of datura was also proved effectual but less to 

neem. 

The application of chemical and then inoculation with the pathogen increases the 

leucine content but it was more significant in Bion treated plants in all the varieties (501.4, 

473.16 and 463.36 µg/100 mg) in C-44, Pb-91 and Bittle-98. This tendency was also 

followed by the application of salicylic acid with (305.23 µg/100 mg) content of leucine in 

cultivar C-44 followed (284.26, 241.43 µg/100 mg) by Pb-91 and Bittle-98. Leucine content 

of (246.2 µg/100 mg) was produced by the application of KOH in the cultivar C-44 while 

(204.26 and 168.2 µg/100 mg) was produced in cultivar Pb-91 and Bittle-98. 
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7.3.14 Tyrosine contents µg/100 mg of induced un-inoculated and inoculated plants of 

chickpea cultivars with A. rabiei 

The quantity of tyrosine in the induced un-inoculated and inoculated plants of three chickpea 

cultivar demonstrated increase trend in case of application of resistance inducers and plant 

extracts (Fig 24). Salicylic acid application in all the cultivars under study, gave increase 

(41.4 to 64.16 µg/100 mg) tyrosine content as compared to un-inoculated plants (36.33 to 

54.23 µg/100 mg). Tyrosine content was also on higher side in Pb-91 (51.23 µg/100 mg) and 

Bittle-98 (45.2 µg/100 mg). The maximum increase (61.7 to 83.23 µg/100 mg) was recorded 

in case of Bion application in cultivar C-44 which was different in case of Pb-91 (67.6 

µg/100 mg) and Bittle-98 (50.33 µg/100 mg). The application of KOH in all the three 

cultivars increased (48.26, 36.53 and 28.53 µg/100 mg) the tyrosine content but the increase 

was less as compared to Bion application. Among the plant extract only the neem leaf extract 

produced (67.26 µg/100 mg) tyrosine content in C-44 as compared to (54.32 and 40.5 µg/100 

mg) in the cultivar Pb-91 and Bittle-98. Garlic and dutara extract resulted in increasing the 

content of tyrosine with maximum (42.3 µg/100 mg) in case of C-44. It is interesting to note 

that Bittle-98 exhibited slight increase (30.3 µg/100 mg) tyrosine content in induced and 

inoculated as compared to Pb-91 (27.36 µg/100 mg). 

7.3.15 Phenylalanine contents µg/100 mg of induced un-inoculated and inoculated plants of 
chickpea cultivars with A. rabiei 

The phenylalanine contents of all the three cultivars showed increase trend (298.3, 268.2 and 

241.2 µg/100 mg) in C-44, Pb-91 and Bittle-98 (Fig 25). KOH application in inoculated 

plants showed enhance tendency but it was less (63.43 µg/100 mg) as compared to Bion and 

salicylic acid application There was (298.3, 268 and 241.2 µg/100 mg) phenylalanine content 

by the application of salicylic acid in three cultivar. The plant extracts also effectual in 

boosting the phenylalanine content (146.03, 127.4 and 105.33 µg/100 mg) by the application 

of neem extract in the cultivars C-44, Pb-91 and Bittle-98. Garlic extract increase the 

phenylalanine contents (40.76 µg/100 mg) but it was less as compared to neem and datura 

extracts. Over all the phenylalanine contents increased in all the cultivars after inoculation of 

the induced plant although the increase was also observed in un-inoculated plants but on 

comparison basis, it was less after as compared to inoculated plants. 
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A novel technology in the management of plant diseases is the activation of the 

plant’s own defence system with the aid of biotic and abiotic inducers (Satya et al., 2007). 

Several chemicals like, salicylic acids and its derivatives (Schreiber and Desveaux, 2008), 

Bion and Di-potassium Phosphate (Kamal et al., 2008) and plant extracts can induce 

resistance which is often associated with increased activity of PO, lignin deposition, increase 

in phenolic content and induction of PR-proteins (Hammerschmidt & Kuc, 1982). There are 

17 families of pathogenesis related proteins in host pathogen interaction produced in various 

plants (Tuzan and Somanchi, 2006). These are produced in response of different stresses or 

stress related plant hormones including osmotic stress, ethylene, wounding, drought, etc. 

Pathogenesis related proteins (PR) chitinases, β-1,3-glucanases break down the β-1,3-glucans 

and chitin in the cell wall of fungi but the protection provided by them may vary (Manandhar 

et al., 1999) and it may depends upon the genotype, physiological condition of the plant and 

nature of inducing agent used (Ton et al., 1999). PAL is considered as the key enzyme of 

phenylpropanoid metabolism in higher plants which catalyzes the conversion of 

phenylalanine to trans-cinnamic acid which supplies the pre-cursors for flavonoid pigments, 

lignins and phytoalexins (Hahlbrock and Scheel, 1989). Several studies indicated that disease 

resistance is associated with the activation of PAL and subsequent increase in phenolic 

content in plants. 

Amino acids are responsible for the synthesis and build-up of metabolites that 

collectively form a defence mechanism for an individual. Although first proof of the 

involvement of amino acid/proteins in resistance was observed by Kuc et al, (1957) in 

susceptible apple leave and found that petiole injection of phenylalanine made the leaves 

resistant to Venturia inaequalis, the cause of apple scab disease, yet different hypothesis still 

exist about the association of amino acid in resistance/susceptibility in host pathogen 

interaction. van Andel, (1966) discussed the amino acids role in two way i) amino acids have 

direct effect on the pathogen, it kill the pathogen directly possessing fungicidal ability or 

decrease the pathogenicity. ii) affect the metabolism of the host due to formation of any 

compound that is toxic to pathogen. Amino acids like glycine, DL-asparagine, and DL-

glutamine found inactive in all tests when they were applied (van Andel, 1958; Samborski 

and Forsyth, 1960; Papavizas and Davey, 1960), while DL-Iysine, DL-proline, 



 178

hydroxyproline, caused serious injury to the plants (van Andel, 1958; Samborski and 

Forsyth, 1960). 

The chickpea cultivar exhibited increase in lysine content more in C-44 upon 

inoculation in case of Bion and salicylic acid treatment but it decrease in Bittle-98. Arginine, 

and aspartic content also increased in all the cultivars expect in Bittle-98 however aspartic 

acid content increased in case of garlic application. Variable response was shown by 

threonine content by the application of chemicals and inoculation with pathogen in all the 

cultivars. Serine contents decrease in KOH, neem and datura extracts application in Bittle-98. 

Glutamic acid showed variable response while proline was decreased in C-44 and Bittle-98 

after application of garlic extract. Glycine content decrease in Bittle-98 otherwise it increases 

in all the cultivar. Garlic application showed decrease in alanine content inPb-91 and Bittle-

98. Methionine, isolucine, tyrosine and phenylalanine content increased after induction and 

inoculation. As many as 15 individual amino acids were obtained from chickpea plants 

during the present study whereas only two amino acids namely, methionine and cystine could 

be noted during the earlier studies (Bhatti et al., 1987). They did not indicate the amount of 

two amino acids recovered from the resistant cultivar (CM-72) and the susceptible cultivar 

(6153). Only one study regarding the induction of resistance in chickpea against A.rabiei 

reported an increase in phenolic and peroxidase content after treatment with salicylic acid 

(Chaudhry et al, 2001). Hence, the present results could not be compared to the 

aforementioned studies. These results were partially in line with the findings of Sahi (1999) 

but contrary to those of Randhawa (1994) who observed marked decrease in the content of 

total amino acids in both the chickpea groups, resistant as well as susceptible to Ascochyta 

rabiei. Similarly (Gokulakumar and Narayanaswamy, 2009) found that Serine, Threonine, 

Arginnine, Phenylalanine and Leucine are higher in resistant roots and lower in disease roots 

in fifteen sesame cultivars after the attack of Macrophomina phaseolina. Present study 

clearly indicate that upon inoculation in the three susceptible cultivars of chickpea, the 

appreciable increase was recorded by the application of chemicals than by the extracts, it 

might be due to more production of PRs proteins. Among the plant extracts, neem leaf 

extract enhance the amino acid content more as compared to datura and garlic extract. These 

results are in line with that of Singh and Prithiviraj (1997) reported that Neemazal, a product 

of neem induced resistance in pea against Erysiphe pisi with concomitant increase in PAL 
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activity. Paul and Sharma (2002) reported that aqueous extract of leaves of neem provided 

control of leaf stripe pathogen, Drechslera graminea, on barley and the treated leaves 

exhibited significantly high activity of PAL along with rapid and distinct accumulation of 

fungitoxic phenolic compounds. 

The results of the present studies are also similar to Lewis and MC Clure, (1975) who 

reported that upon infection, in the root-knot susceptible cultivar, M8, there is greater 

increase in certain individual free amino acids than the resistant cultivar, Clevewilt, but over 

all the sum total of free amino acids was maximum in the resistant cultivar further free amino 

acid content of tissues has been related to the susceptibility or resistance of plants to various 

other pathogenic organisms, as in our case there in increase in the amino acid content after 

inoculation with A.rabiei likewise as in case of C-44 the highest amount of alanine was 

recorded similar to results of (Lakshminarayanan, 1955) who reported that Cystine and 

alanine play a role in resistance to diseases caused by Fusarium sp. (Hashem and Rehim, 

1967). A relationship also exists between the level of alanine and susceptibility to 

Verticillium by cotton (Booth, 1969; Singh et al., 1971). Chiang and Nip (1973) observed 

higher levels of alanine, asparagine and tyrosine in tissues of cabbages resistant to clubroot. 

Similarly more recently Matsubara et al., (2010) reported the influence of arbuscular 

mycorrhizal fungi (AMF) on the total amino acid content production in strawberry plants, 

after inoculation with Glomus mosseae yielded more amino acids among them Serine, 

glutamic acid, glycine, alanine, leucine and GABA were higher in both mycorrhizal plants 

after inoculation as compared to non-inoculated plants with/out the influence of phosphorus. 

Amino acids and carbohydrates in nine clone of cacao were analyzed revealed that seven 

amino acids (asparagine, cysteine, glycine, isoleucine, proline, serine and tyrosine) were 

identified but total amino acid content was 74.5% higher in the less susceptible as compared 

to highly susceptible clone and the occurrence of each in the pods varied with the genotype 

and with the treatment (Omokolo et al., 2002). Aspartic acid, tyrosine and valine showed a 

gradual increase with advancing age in case of infection with Fusarium solani to turmeric 

plants (Reddy et al., 2005). 
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Fig.11. Mean comparison of lysine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.12. Mean comparison of arginine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.13. Mean comparison of aspartic acid contents (µg.100 mg-1) after 14th days of induction 
of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.14. Mean comparison of threonine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.15. Mean comparison of serine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.16. Mean comparison of glutamic acid contents (µg.100 mg-1) after 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivars C-44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.17. Mean comparison of proline contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.18. Mean comparison of glycine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.19. Mean comparison of alanine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.20. Mean comparison of valine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.21 Mean comparison of methionine contents (µg.100 mg-1) after 14th days of induction 
of resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.22. Mean comparison of isolucine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.23. Mean comparison of leucine contents (µg.100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.14. Mean comparison of tyrosine contents (µg 100 mg-1) after 14th days of induction of 
resistance by the application of (A) salicylic acid (B) Bion (C) KOH (D) neem (E) 
dautra (F) garlic and by un-inoculation and inoculation with A. rabiei in cultivars C-
44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Fig.15. Mean comparison of phenylalanine contents (µg.100 mg-1) after 14th days of 
induction of resistance by the application of (A) salicylic acid (B) Bion (C) KOH 
(D) neem (E) dautra (F) garlic and by un-inoculation and inoculation with A. rabiei 
in cultivars C-44, Pb-91, Bittle-98. 

Data are means of three repeated experiments. The error bar represents the standard error of 
the mean according to the least significant difference test at (P ≤ 0.05). 
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Chapter VIII 

SUMMARY 

The present study was under taken to assay the effect of defence activator salicylic acid, 

BION®, KOH and an extract from the leaves of Azadirachta indica, Datura metel and Allium 

sativum as resistance inducing ability against chickpea blight caused by Ascochyta rabiei, on 

three susceptible chickpea cultivars C-44, Pb-91, Bittle-98. The experiments were carried out 

under field conditions. 

Germplasm consists of two hundred and seventy seven advanced lines/cultivars of chickpea 

received from various Research Organizations were screened during the Rabi season 2005-06 

in order to have the resistance source against chickpea blight disease by artificial inoculation 

of the germplasm with pycniosspore suspension of the pathogen. The screening revealed 02, 

38, 39, 49 and 150 lines to be highly resistant (immune), resistant, moderately resistant, 

susceptible and highly susceptible. In the subsequent experiment due to scarcity of resistance 

source and for the study of induction of resistance, the susceptible cultivars were sown under 

the disease free and disease pressure conditions to have an idea of their yield potential, the 

results revealed that the three chickpea cultivars C-44 with (575 kg h-1), Bittle-98 (543.75 kg 

h-1) and Pb-91 (533.50 kg h-1) gave highest yield potential under disease free while (144.6 kg 

h-1), (132.8 kg h-1) (111.2 kg h-1) under the artificial inoculated conditions and they were 

selected for induction of resistance. 

8.1 Reduction in disease % in salicylic acid, Bion®, KOH and extracts of Azadirachta 
indica, Datura metel and Allium sativum treated plants 

Pre-treatment with the different doses of chemicals and plant extracts and inoculation of 

chickpea plants with A. rabiei significantly reduces the disease (79%) by Bion® in the 

cultivar C-44 at 1.2mM dose rate as compared to salicylic acid, after 14 days, the least 

reduction was showed by all the doses of KOH. Among the plant extracts the maximum 

disease reduction (43.5%) against the disease was observed by the application of Azadirachta 

indica leaf extract after 14th days of application at 15% dose rate while the extracts of Datura 

metel and Allium sativum did not prove effective in reducing the disease, although they 

exhibited the reduction in disease but was less as compared to neem leaf extract. 
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8.2 Effect of induced resistance by the application of chemicals plant extracts on the 
mineral contents of the chickpea plants 

Nutrients have the ability to affect the resistance and tolerance of plants to pathogens. 

The macro and micro nutrients influence various biochemicals processes that played an 

improtnat role in the synthesis of lignin, phenolic compounds and formation physical barrier. 

The mineral content were increased after the induction of resistance but this increase was 

more significant (P ≤ 0.05) upon inoculation with the pathogen after 14th day time interval by 

the application of chemicals but it was not significant in case of plant extract except neem 

leaf extract. Only Na content was decreased in Bion treated plants in the cultivar C-44 and 

Pb-98 further more Cu content was also decreased in salicylic acid, Bion and neem leaf 

extract treated plants in the cultivar C-44. 

8.3 Effect of induced resistance by the application of chemicals and plant extracts on 
the amino acids contents of the chickpea plants 

Amino acid contents have shown different response by the application of resistance 

inducers and inoculation with pathogen. The quantities of methionine, isolucine, tyrosine and 

phenylalanine content increased after induction and inoculation in three cultivars of chickpea 

and comparatively higher than induced un-inoculated plants. Increase in lysine content was 

more in C-44 upon inoculation in case of Bion and salicylic acid treatment but it decreased in 

Bittle-98. Arginine and aspartic acid contents also increased in all the cultivars expect in 

Bittle-98, however, aspartic acid content increased in case of garlic application. Variable 

response was shown by threonine content by the application of chemicals and inoculation 

with pathogen in all the cultivars. Serine contents decreased in KOH, neem and datura 

extracts application in Bittle-98. Glutamic acid showed variable response while proline 

decreased in C-44 and Bittle-98 after application of garlic extract. Glycine content decrease 

in Bittle-98 otherwise it increased in all the cultivars. Garlic application showed decrease in 

alanine content in Pb-91 and Bittle-98. 
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Appendix 1 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of salicylic 
acid and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.00169 0.00474 51 

Day 1 0.20768** 0.05927** 2990** 

Inoculation 1 21.30312** 0.64868** 750483** 

Varieties 2 1.26764** 1.46626** 496835** 

Concentration 2 0.72643** 0.52555** 8239** 

Day*Inoculation 1 0.00770 NS 0.00095** 49 NS 

Day*Varieties 2 0.01412** 0.00029 NS 134** 

Day* Concentration 2 0.00517 NS 0.00056 NS 0 NS 

Inoculation*Varieties 2 0.17816** 0.05708** 160812** 

Inoculation* Concentration 2 0.05008** 0.00140** 56 NS 

Variety* Concentration 4 0.03083** 0.00847** 55 NS 

Day*Inoculation*Varieties 2 0.00758 NS 0.00428** 1 NS 

Day*Inoculation* Concentration 2 0.01180** 0.00107** 60 NS 

Day*Varieties* Concentration 4 0.00797** 0.00112** 5 NS 

Inoculation*Varieties* Concentration 4 0.01392** 0.00219** 37 NS 

Day*Inoculation*Varieties* Concentration 4 0.00421 NS 0.00058** 21 NS 

Error 70 0.00273 0.00023 27 

Total 107    
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Appendix 2 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of salicylic acid and inoculation with A. rabiei 

 

Source of Variance 
Degree of 
Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 48 2201 42 

Day 1 966** 1744 NS 443 NS 

Inoculation 1 72955** 7922958** 277244** 

Varieties 2 163671** 150968867** 684898** 

Concentration 2 4161** 3824** 3198** 

Day*Inoculation 1 1 NS 16 NS 2 NS 

Day*Varieties 2 7 NS 4 NS 8 NS 

Day* Concentration 2 4 NS 14 NS 1 NS 

Inoculation*Varieties 2 2436** 65062** 10126** 

Inoculation* Concentration 2 55** 9 NS 42 NS 

Variety* Concentration 4 61** 32 NS 53 NS 

Day*Inoculation*Varieties 2 1 NS 11 NS 3 NS 

Day*Inoculation* Concentration 2 9 NS 1 NS 4 NS 

Day*Varieties* Concentration 4 7 NS 6 NS 10 NS 

Inoculation*Varieties* Concentration 4 9 NS 16 NS 11 NS 

Day*Inoculation*Varieties* Concentration 4 1 NS 3 NS 2 NS 

Error 70 10 484 138 

Total 107    
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Appendix 3 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of salicylic acid and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 55.31 69.7 71 

Day 1 271.38** 585.9** 3415** 

Inoculation 1 14027.93** 16088.9** 1198394** 

Varieties 2 9278.17** 40452.8** 2260000** 

Concentration 2 1224.66** 1062.6** 2378** 

Day*Inoculation 1 31.62** 21.9** 1282** 

Day*Varieties 2 0.93 NS 16.4** 12 NS 

Day* Concentration 2 3.31 NS 12.7** 125 NS 

Inoculation*Varieties 2 109.52** 1546.1** 113623** 

Inoculation* Concentration 2 0.01 NS 23.3** 206 NS 

Variety* Concentration 4 1.12 NS 12.5** 267 NS 

Day*Inoculation*Varieties 2 0.76 NS 1.8 NS 20 NS 

Day*Inoculation* Concentration 2 0.22 NS 2.5 NS 52 NS 

Day*Varieties* Concentration 4 4.04 NS 8.8 NS 39 NS 

Inoculation*Varieties* Concentration 4 22.74** 5.7 NS 171 NS 

Day*Inoculation*Varieties* Concentration 4 3.19 NS 10.4 NS 26 NS 

Error 70 2.11 4.1 119 

Total 107    
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Appendix 4 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of Bion and 
inoculation with A. rabiei 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.00214 0.00257 27 

Day 1 0.12793** 0.06483** 882** 

Inoculation 1 15.50944** 0.80118** 793241** 

Varieties 2 3.27991** 1.58370** 499504** 

Concentration 2 0.27334** 0.39236** 8060** 

Day*Inoculation 1 0.00227 NS 0.00077 NS 34 NS 

Day*Varieties 2 0.00217 NS 0.00129 NS 8 NS 

Day* Concentration 2 0.00060 NS 0.00018 NS 4 NS 

Inoculation*Varieties 2 0.65431** 0.05440** 164147** 

Inoculation* Concentration 2 0.00762** 0.00186** 130** 

Variety* Concentration 4 0.00988** 0.00290** 47 NS 

Day*Inoculation*Varieties 2 0.00162 NS 0.00076 NS 14 NS 

Day*Inoculation* Concentration 2 0.00101 NS 0.00080 NS 0 NS 

Day*Varieties* Concentration 4 0.00705** 0.00018 NS 2 NS 

Inoculation*Varieties* Concentration 4 0.00337 NS 0.00222** 193** 

Day*Inoculation*Varieties* Concentration 4 0.00291 NS 0.00108 NS 3 NS 

Error 70 0.00165 0.00055 25 

Total 107    
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Appendix 5 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of Bion and inoculation with A. rabiei 

 

Source of Variance 
Degree of 
Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 52 338 81 

Day 1 486** 569 NS 960** 

Inoculation 1 67610** 7932712** 272641** 

Varieties 2 168274** 151060905** 690664** 

Concentration 2 4151** 3367** 4483** 

Day*Inoculation 1 1 NS 2 NS 1 NS 

Day*Varieties 2 32 NS 12 NS 12 NS 

Day* Concentration 2 2 NS 21 NS 21 NS 

Inoculation*Varieties 2 2372** 65259** 9619** 

Inoculation* Concentration 2 60 NS 86 NS 60 NS 

Variety* Concentration 4 87** 35 NS 120 NS 

Day*Inoculation*Varieties 2 6 NS 1 NS 67 NS 

Day*Inoculation* Concentration 2 0 NS 2 NS 2 NS 

Day*Varieties* Concentration 4 2 NS 5 NS 6 NS 

Inoculation*Varieties* Concentration 4 11 NS 3 NS 47 NS 

Day*Inoculation*Varieties* Concentration 4 4 NS 13 NS 2 NS 

Error 70 27 191 153 

Total 107    
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Appendix 6 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of Bion and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 23.3 52.7 35 

Day 1 434.6** 414.9** 668** 

Inoculation 1 16350.9** 19021.5** 1327562** 

Varieties 2 9158.2** 34182.8** 2350507** 

Concentration 2 1342.2** 1343.5** 2796** 

Day*Inoculation 1 0.5 NS 18.3 NS 2 NS 

Day*Varieties 2 3.9 NS 2.4 NS 7 NS 

Day* Concentration 2 0.0 NS 1.4 NS 9 NS 

Inoculation*Varieties 2 51.0** 1376.6** 123948** 

Inoculation* Concentration 2 6.5 NS 1.7 NS 126 NS 

Variety* Concentration 4 6.4 NS 53.1** 186** 

Day*Inoculation*Varieties 2 4.3 NS 5.5 NS 18 NS 

Day*Inoculation* Concentration 2 0.0 NS 1.6 NS 0 NS 

Day*Varieties* Concentration 4 3.8 NS 0.1 NS 1 NS 

Inoculation*Varieties* Concentration 4 31.9** 10.2 NS 129 NS 

Day*Inoculation*Varieties* Concentration 4 1.5 NS 0.5 NS 3 NS 

Error 70 3.9 8.3 35 

Total 107    
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Appendix 7 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of KOH and 
inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.00105 0.000573 11 

Day 1 0.05223** 0.158547** 748** 

Inoculation 1 5.32756** 0.015938** 187622 1** 

Varieties 2 0.31629** 0.737409** 124207 7** 

Concentration 2 0.18210** 0.156619** 2060** 

Day*Inoculation 1 0.00195 NS 0.085121** 12 NS 

Day*Varieties 2 0.00349 NS 0.077010** 34 NS 

Day* Concentration 2 0.00135 NS 0.001633** 0 NS 

Inoculation*Varieties 2 0.04416** 0.024729** 40202** 

Inoculation* Concentration 2 0.01246** 0.001627** 14 NS 

Variety* Concentration 4 0.00779** 0.005376** 14 NS 

Day*Inoculation*Varieties 2 0.00183 NS 0.090326** 0 NS 

Day*Inoculation* Concentration 2 0.00298 NS 0.001255 NS 15 NS 

Day*Varieties* Concentration 4 0.00199 NS 0.000424 NS 1 NS 

Inoculation*Varieties* Concentration 4 0.00346** 0.002413** 9 NS 

Day*Inoculation*Varieties* Concentration 4 0.00107 NS 0.000632 NS 5 NS 

Error 70 0.00121 0.000410 16 NS 

Total 107    
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Appendix 8 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of KOH and inoculation with A. rabiei 

 

Source of Variance 
Degree of 
Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 19.7 114 40 

Day 1 241.4** 436** 3394** 

Inoculation 1 18239.0** 1980740** 48087** 

Varieties 2 40918.0** 37742217** 207024** 

Concentration 2 1040.4** 956** 840** 

Day*Inoculation 1 0.2 NS 4 NS 2324** 

Day*Varieties 2 1.8 NS 1 NS 2210** 

Day* Concentration 2 1.0 NS 3 NS 5 NS 

Inoculation*Varieties 2 609.0** 16266** 3589** 

Inoculation* Concentration 2 13.7 NS 2 NS 8 NS 

Variety* Concentration 4 15.2 NS 8 NS 11 NS 

Day*Inoculation*Varieties 2 0.2 NS 3 NS 1995** 

Day*Inoculation* Concentration 2 2.3 NS 0 NS 2 NS 

Day*Varieties* Concentration 4 1.8 NS 2 NS 4 NS 

Inoculation*Varieties* Concentration 4 2.1 NS 4 NS 2 NS 

Day*Inoculation*Varieties* Concentration 4 0.3 NS 1 NS 4 NS 

Error 70 6.0 47 27 

Total 107    
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Appendix 9 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of KOH and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 11.49 5.87 11 

Day 1 66.30** 146.39** 911** 

Inoculation 1 3495.48** 4022.10** 29854**0 

Varieties 2 2311.15** 10113.38** 563703** 

Concentration 2 309.11** 270.66** 556** 

Day*Inoculation 1 7.37 NS 5.47* 356** 

Day*Varieties 2 0.18 NS 4.12 NS 7 NS 

Day* Concentration 2 0.98 NS 3.62 NS 43 NS 

Inoculation*Varieties 2 26.53** 386.40** 28088** 

Inoculation* Concentration 2 0.01 NS 6.52** 42 NS 

Variety* Concentration 4 0.24 NS 3.37* 55 NS 

Day*Inoculation*Varieties 2 0.27 NS 0.43 NS 3 NS 

Day*Inoculation* Concentration 2 0.10 NS 0.75 NS 21 NS 

Day*Varieties* Concentration 4 0.97 NS 2.92 NS 17 NS 

Inoculation*Varieties* Concentration 4 5.42 NS 1.20 NS 33 NS 

Day*Inoculation*Varieties* Concentration 4 0.80 NS 2.99 NS 12 NS 

Error 70 2.50 1.34 39 

Total 107    
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Appendix 10 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of A. indica 
and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.000318 0.001756 10.2 

Day 1 0.026759** 0.080579** 454.6** 

Inoculation 1 2.293959** 0.014008** 81832.9** 

Varieties 2 0.129779** 0.334223** 52820.1** 

Concentration 2 0.085959** 0.069823** 918.7** 

Day*Inoculation 1 0.000181 NS 0.027712** 13.9** 

Day*Varieties 2 0.001056 NS 0.038345** 9.7 NS 

Day* Concentration 2 0.000826 NS 0.000729** 7.8 NS 

Inoculation*Varieties 2 0.019745** 0.005908** 17070.2** 

Inoculation* Concentration 2 0.005470** 0.000419** 22.4** 

Variety* Concentration 4 0.003581** 0.002811** 6.8 NS 

Day*Inoculation*Varieties 2 0.000879 NS 0.035590** 0.8 NS 

Day*Inoculation* Concentration 2 0.000493 NS 0.000373** 10.9 NS 

Day*Varieties* Concentration 4 0.000998** 0.000241** 2.1 NS 

Inoculation*Varieties* Concentration 4 0.001806** 0.000840** 7.4 NS 

Day*Inoculation*Varieties* Concentration 4 0.000206 NS 0.000080 NS 0.9 NS 

Error 70 0.000353 0.000091 5.8 

Total 107    
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Appendix 11 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of A. indica and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 3.9 135 6.8 

Day 1 222.7** 310** 1289.8** 

Inoculation 1 8323.8** 850298** 20878.6** 

Varieties 2 17188.6** 15935185** 85639.1** 

Concentration 2 520.4** 496** 440.4** 

Day*Inoculation 1 22.4** 29 NS 833.4** 

Day*Varieties 2 1.2 NS 4 NS 826.7** 

Day* Concentration 2 7.2 NS 17 NS 0.4 NS 

Inoculation*Varieties 2 238.4** 6640** 1352.1** 

Inoculation* Concentration 2 0.4 NS 10 NS 11.1 NS 

Variety* Concentration 4 6.1 NS 8 NS 3.5 NS 

Day*Inoculation*Varieties 2 1.8 NS 3 NS 756.1** 

Day*Inoculation* Concentration 2 10.2 NS 8 NS 0.1 NS 

Day*Varieties* Concentration 4 1.5 NS 1 NS 0.5 NS 

Inoculation*Varieties* Concentration 4 0.3 NS 3 NS 0.3 NS 

Day*Inoculation*Varieties* Concentration 4 0.6 NS 2 NS 0.9 NS 

Error 70 4.0 86 10.4 

Total 107    
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Appendix 12 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of A. indica and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 12.45 11.04 1 

Day 1 103.37** 257.27** 553** 

Inoculation 1 1792.76** 2022.72** 134150** 

Varieties 2 890.72** 4133.67** 236193** 

Concentration 2 192.49** 423.33** 621** 

Day*Inoculation 1 44.08** 1.09 NS 29 NS 

Day*Varieties 2 1.28 NS 27.97** 21 NS 

Day* Concentration 2 7.59** 14.64** 21 NS 

Inoculation*Varieties 2 5.20** 159.73** 12139** 

Inoculation* Concentration 2 6.15** 26.73** 45 NS 

Variety* Concentration 4 1.36 NS 46.02** 32 NS 

Day*Inoculation*Varieties 2 2.60** 7.14** 7 NS 

Day*Inoculation* Concentration 2 5.04** 1.03 NS 3 NS 

Day*Varieties* Concentration 4 0.77 NS 2.30 NS 14 NS 

Inoculation*Varieties* Concentration 4 5.16** 5.39 NS 10 NS 

Day*Inoculation*Varieties* Concentration 4 0.75 NS 2.35 NS 15 NS 

Error 70 0.59 2.11 17 

Total 107    
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Appendix 13 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of D. metel 
and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.001319 0.002040 13.700 

Day 1 0.013781** 0.038912** 354.700** 

Inoculation 1 0.997633** 0.107668** 35910.90** 

Varieties 2 0.058958** 0.095818** 22354.20** 

Concentration 2 0.040678** 0.058379** 523.20** 

Day*Inoculation 1 0.000004 NS 0.000334 NS 12.100 NS 

Day*Varieties 2 0.000806* 0.003201** 3.400 NS 

Day* Concentration 2 0.000404 NS 0.000401 NS 2.300 NS 

Inoculation*Varieties 2 0.005219** 0.012223** 6972.100** 

Inoculation* Concentration 2 0.002344** 0.004751** 13.700** 

Variety* Concentration 4 0.001736** 0.001715** 8.200 NS 

Day*Inoculation*Varieties 2 0.000856** 0.000806** 0.300 NS 

Day*Inoculation* Concentration 2 0.000181 NS 0.000062 NS 7.500 NS 

Day*Varieties* Concentration 4 0.000354 NS 0.000298 NS 4.300 NS 

Inoculation*Varieties* Concentration 4 0.001031** 0.000498** 3.300 NS 

Day*Inoculation*Varieties* Concentration 4 0.000276 NS 0.000093 NS 1.00 NS 

Error 70 0.000151 0.000078 3.200 

Total 107    
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Appendix 14 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of D. metel and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 24.08 38 NS 1.00 NS 

Day 1 198.64** 128.424** 608.00** 

Inoculation 1 4155.61** 357228** 10864.90** 

Varieties 2 8034.32** 6584087** 34676.00** 

Concentration 2 409.65** 289.455** 272.50** 

Day*Inoculation 1 0.71 NS 8.22811 NS 285.80** 

Day*Varieties 2 1.03 NS 0.2314 NS 259.40** 

Day* Concentration 2 7.99 NS 1.8267 NS 2.20 NS 

Inoculation*Varieties 2 118.48** 3265.92 583.00** 

Inoculation* Concentration 2 3.52 NS 16.3362 NS 7.30 NS 

Variety* Concentration 4 13.47** 2.0001 NS 3.50 NS 

Day*Inoculation*Varieties 2 7.90 NS 0.30966 NS 219.10** 

Day*Inoculation* Concentration 2 4.63 NS 0.01296 NS 7.90 NS 

Day*Varieties* Concentration 4 0.67 NS 1.0059 NS 1.00 NS 

Inoculation*Varieties* Concentration 4 2.49 NS 6.003 NS 1.90 NS 

Day*Inoculation*Varieties* Concentration 4 1.18 NS 1 NS 1.90 NS 

Error 70 2.11 21 5.30 

Total 107    
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Appendix 15 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of D. metel and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 11.146 10.29 13.80 

Day 1 47.654** 111.85** 248.90** 

Inoculation 1 1182.597** 1454.57** 58228.30** 

Varieties 2 293.418** 1397.65** 94813.10** 

Concentration 2 162.048** 185.97** 392.70** 

Day*Inoculation 1 7.384** 18.63** 32.00** 

Day*Varieties 2 4.297** 7.06** 3.10 NS 

Day* Concentration 2 1.283 NS 6.53** 10.10 NS 

Inoculation*Varieties 2 3.000* 11.08** 4449.80** 

Inoculation* Concentration 2 16.026** 34.54** 68.80** 

Variety* Concentration 4 0.276 NS 2.53 NS 0.30 NS 

Day*Inoculation*Varieties 2 1.882 NS 5.48* 1.20 NS 

Day*Inoculation* Concentration 2 0.108 NS 4.21* 1.50 NS 

Day*Varieties* Concentration 4 0.578 NS 0.26 NS 1.90 NS 

Inoculation*Varieties* Concentration 4 0.429 NS 0.26 NS 0.90 NS 

Day*Inoculation*Varieties* Concentration 4 0.173 NS 1.38 NS 1.20 NS 

Error 70 0.684 1.15 4.00 

Total 107    
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Appendix 16 Analysis of variance for nitrogen (percent dry weight), phosphorus (percent dry weight) and potassium (ppm 
dry weight) content in three chickpea cultivars after induction of resistance by the application of A. sativum 
and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

N P K 

Replications 2 0.004373 0.002693 26.8 

Day 1 0.018934** 0.034133** 191.7** 

Inoculation 1 0.661134** 0.078948** 22287.6** 

Varieties 2 0.041618** 0.101604** 12992.3** 

Concentration 2 0.035184** 0.051556** 449.3** 

Day*Inoculation 1 0.000023 NS 0.003333** 7.1 NS 

Day*Varieties 2 0.000340 NS 0.009644** 6.3 NS 

Day* Concentration 2 0.000168 NS 0.000269 NS 11.8 NS 

Inoculation*Varieties 2 0.003923** 0.001159** 4049.6** 

Inoculation* Concentration 2 0.001340** 0.007512** 28.7** 

Variety* Concentration 4 0.000520** 0.000833** 10.0 NS 

Day*Inoculation*Varieties 2 0.000790 NS 0.006578** 1.8 NS 

Day*Inoculation* Concentration 2 0.001056 NS 0.000269 NS 12.3 NS 

Day*Varieties* Concentration 4 0.000740 NS 0.000060 NS 2.4 NS 

Inoculation*Varieties* Concentration 4 0.000137 NS 0.000627 NS 5.3 NS 

Day*Inoculation*Varieties* Concentration 4 0.000240 NS 0.000160** 2.5 NS 

Error 70 0.000247 0.000094 3.6 NS 

Total 107    
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Appendix 17 Analysis of variance for sodium, calcium and magnesium content (ppm dry weight) in three chickpea 
cultivars after induction of resistance by the application of A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 
Na Ca Mg 

Replications 2 17.84 62 28.4 

Day 1 114.52** 237** 663.2** 

Inoculation 1 2667.80** 221474** 7736.3** 

Varieties 2 3789.77** 3940316** 20699.9** 

Concentration 2 208.48** 580** 487.4** 

Day*Inoculation 1 17.64** 0 NS 127.2** 

Day*Varieties 2 9.63** 11 NS 100.4** 

Day* Concentration 2 6.16** 31 NS 22.5** 

Inoculation*Varieties 2 54.06** 1486** 374.2** 

Inoculation* Concentration 2 3.94 NS 94** 72.0** 

Variety* Concentration 4 0.35 NS 2 NS 1.6 NS 

Day*Inoculation*Varieties 2 2.29 NS 9 NS 74.5 

Day*Inoculation* Concentration 2 4.75 NS 3 NS 0.1 NS 

Day*Varieties* Concentration 4 1.18 NS 5 NS 1.4 NS 

Inoculation*Varieties* Concentration 4 1.37 NS 6 NS 5.8 NS 

Day*Inoculation*Varieties* Concentration 4 0.80 NS 10 NS 2.8 NS 

Error 70 1.57 16 5.2 

Total 107    
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Appendix 18 Analysis of variance for zinc, copper and iron content (ppm dry weight) in three chickpea cultivars after 
induction of resistance by the application of A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

Zn Cu Fe 

Replications 2 22.16 8.092 13.5 

Day 1 260.84** 119.575** 234.5** 

Inoculation 1 1734.41** 1147.781** 31764.5 

Varieties 2 283.88** 893.989** 57585.4** 

Concentration 2 457.51** 167.124** 168.4** 

Day*Inoculation 1 18.98** 23.970** 18.9 NS 

Day*Varieties 2 9.56** 5.340** 0.3 NS 

Day* Concentration 2 8.67** 7.492** 13.9 NS 

Inoculation*Varieties 2 102.04** 27.426** 2812.9** 

Inoculation* Concentration 2 109.47** 18.280** 5.8 NS 

Variety* Concentration 4 22.45** 1.614 NS 6.0 NS 

Day*Inoculation*Varieties 2 2.01 NS 7.123** 6.2 NS 

Day*Inoculation* Concentration 2 0.15 NS 5.203** 1.5 NS 

Day*Varieties* Concentration 4 0.38 NS 1.687 NS 1.5 NS 

Inoculation*Varieties* Concentration 4 19.72** 2.342 NS 0.6 NS 

Day*Inoculation*Varieties* Concentration 4 2.24 NS 3.372** 1.1 NS 

Error 70 0.95 1.211 5.0 

Total 107    
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Appendix 19 Analysis of variance for lysine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by the 
application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 78.2 1.0 536.8  17.4 30.23 16.50 
Inoculation 1 2364.1** 2155.9** 6534.0** 461.1** 2136.96** 146.69** 
Varieties 2 67922.6** 19532.6** 38419.1** 26189.4** 5960.65** 671.33** 
Concentration 2 605.1** 348.0** 1365.6*  400.1** 390.93** 264.67** 
Inoculation*Varieties 2 14601.7** 1951.5** 444.6 NS 1194.7** 214.50** 7.20** 
Inoculation*Concentration 2 8.2 NS 3.4 NS 378.1 NS 16.0 NS 0.35 NS 0.87 NS 
Varieties*Concentration 4 0.1** 10.8 NS 352.2 NS 2.3 NS 6.36 NS 9.79** 
Inoculation*Varieties*Concentration 4 1.0 NS 1.6 NS 332.1 NS 21.4 NS 5.17 NS 1.47 NS 
Error 34 12.7 12.5 334.4 12.8 4.11 0.61 
Total 53       

Appendix 20 Analysis of variance for arginine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 1 69.3 49 8.4 19.3 28.5 
Inoculation 1 23471** 18618.7** 3054** 1099.8** 604.0 1864.4** 
Varieties 2 284299** 63271.7** 159684** 14987.1** 18147.2 28933.7** 
Concentration 2 1172** 612.6** 1397** 566.5** 762.0 585.5** 
Inoculation*Varieties 2 310** 1022.0** 7929** 1467.1** 1578.0 1812.2** 
Inoculation*Concentration 2 5 NS 0.0 NS 14 NS 9.7 NS 0.9 NS 2.6 NS 
Varieties*Concentration 4 30 NS 3.4 NS 18 NS 2.9 NS 6.8 NS 1.2 NS 
Inoculation*Varieties*Concentration 4 25 NS 6.2 NS 14 NS 1.7 NS 6.1 NS 5.4 NS 
Error 34 27 28.6 14 10.2 4.3 5.0 
Total 53       
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Appendix 21 Analysis of variance for aspartic acid content µg.100 mg-1 in three chickpea cultivars after induction of 
resistance by the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with 
A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 36 66 68 24.1 11.4 30.0 
Inoculation 1 10719** 14276** 2951** 3238.7** 99.2** 398.0** 
Varieties 2 138327** 324650** 315834** 58972.1** 55022.0** 28434.9** 
Concentration 2 3536** 5106** 4965** 1821.8** 2080.4** 1652.3** 
Inoculation*Varieties 2 135** 2034** 4018** 115.4** 720.4** 3.0 NS 
Inoculation*Concentration 2 385 NS 235** 225** 96.7 NS 45.0 NS 28.4** 
Varieties*Concentration 4 12 NS 292** 79** 8.0 NS 44.1 NS 6.3 NS 
Inoculation*Varieties*Concentration 4 2 NS 53 NS 21 NS 8.7 NS 11.6 NS 0.7 NS 
Error 34 46 44 22 31.1 17.6 5.7 
Total 53       

Appendix 22 Analysis of variance for threonine content µg.100 mg-1 in three chickpea cultivars after induction of resistance 
by the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 30 92 37 1636.0 23 68 
Inoculation 1 1145** 5971** 335** 5608.0** 6975** 4274** 
Varieties 2 193461** 442737** 767049** 11694.4** 677884** 607136** 
Concentration 2 1960** 3214** 3116** 7911.6** 4864** 5332** 
Inoculation*Varieties 2 1 NS 37775** 43778** 21563.2** 48552** 24556** 
Inoculation*Concentration 2 42 NS 86 NS 1 NS 6039.9** 18 NS 386** 
Varieties*Concentration 4 17 NS 31 NS 17 NS 2763.9** 5 NS 116* 
Inoculation*Varieties*Concentration 4 2 NS 77 NS 28 NS 1130.2 NS 44 NS 95 NS 
Error 34 35 268 27 544.8 42 43 
Total 53       
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Appendix 23 Analysis of variance for serine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 59 8 48 22 40 19 
Inoculation 1 10116** 3873** 3817** 7709** 350** 2302** 
Varieties 2 401285** 190357** 361088** 387303** 387682** 124100** 
Concentration 2 6433** 4987** 4119** 4566** 3817** 4781** 
Inoculation*Varieties 2 64231** 26016** 48929** 41498** 16026** 10348** 
Inoculation*Concentration 2 73 NS 25 NS 113** 13 NS 30 NS 20 NS 
Varieties*Concentration 4 82 NS 25 NS 34 NS 44 NS 76** 80** 
Inoculation*Varieties*Concentration 4 28 NS 20 NS 17 NS 172** 13 NS 5 NS 
Error 34 32 14 24 24 23 17 
Total 53       

Appendix 24 Analysis of variance for glutamic acid content µg.100 mg-1 in three chickpea cultivars after induction of 
resistance by the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with 
A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic acid Bion KOH A. indica D. metel A. sativum 

Replications 2 7 61 55 3 6.9 50.0 
Inoculation 1 2** 2270** 55873** 57187** 66669.0** 16321.2** 
Varieties 2 379637** 409241** 119190** 158689** 40657.1** 12480.0** 
Concentration 2 9847** 12359** 14920** 11702** 13398.9** 6928.3** 
Inoculation*Varieties 2 56731** 40894** 18 NS 538** 463.4** 18857.1** 
Inoculation*Concentration 2 44 NS 448** 2034** 605** 227.2** 50.0** 
Varieties*Concentration 4 165** 283** 61 NS 167** 28.5 NS 11.5 NS 
Inoculation*Varieties*Concentration 4 3 NS 226 NS 197** 22 NS 49.6 NS 179.1** 
Error 34 34 93 28 17 20.5 14.3 
Total 53       
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Appendix 25 Analysis of variance for proline content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 31.36 7.8 9.84 9.51 4.74 14.96 
Inoculation 1 5106.11** 2796.5** 312.96** 691.23** 444.33** 15.68** 
Varieties 2 3554.64** 1954.6** 2008.87** 397.78** 341.17** 210.57** 
Concentration 2 2833.82** 7038.4** 1959.43** 1112.37** 1185.42** 608.61** 
Inoculation*Varieties 2 109.07** 29.2 NS 1.63 NS 6.63** 11.57** 118.50** 
Inoculation*Concentration 2 121.54** 80.6** 9.12 NS 14.96** 14.10** 3.83** 
Varieties*Concentration 4 27.53** 31.5 NS 21.72** 4.71** 4.97 NS 3.38** 
Inoculation*Varieties*Concentration 4 4.64 NS 2.9 NS 0.12 NS 0.07 NS 1.14 NS 2.74** 
Error 34 4.41 16.6 3.29 1.68 3.17 0.51 
Total 53       

Appendix 26 Analysis of variance for glycine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 32.8 13.88 25.87 9.8 7.52 15.5 
Inoculation 1 2357.5** 1503.11** 754.13** 608.0** 795.80** 44.3** 
Varieties 2 4889.0** 3177.61** 2584.13** 8977.9** 1864.22** 10961.8** 
Concentration 2 4420.2** 2523.18** 2181.49** 1651.5** 1070.31** 1597.6** 
Inoculation*Varieties 2 45.6** 37.29 NS 5.75 NS 9.5 NS 32.27** 517.3** 
Inoculation*Concentration 2 25.1 NS 27.69 NS 15.28 NS 6.8 NS 16.63 NS 6.7 NS 
Varieties*Concentration 4 90.3** 29.69 NS 34.53** 7.6 NS 2.50 NS 4.6 NS 
Inoculation*Varieties*Concentration 4 2.0 NS 1.51 NS 1.21 NS 0.5 NS 2.16 NS 0.9 NS 
Error 34 21.0 38.48 11.52 8.3 6.73 4.4 
Total 53       
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Appendix 27 Analysis of variance for alanine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 6.07 5.5 13.6 1.82 10.38 17.04 
Inoculation 1 812.01** 576.2** 2.4 NS 554.88** 434.07** 0.11 NS 
Varieties 2 1775.22** 18284.9** 18126.2** 1727.61** 1507.89** 1522.93** 
Concentration 2 1951.49** 1509.4** 1786.6** 1099.12** 1019.70** 921.17** 
Inoculation*Varieties 2 0.64 NS 14.3 NS 549.4** 5.14 NS 3.01 NS 163.81** 
Inoculation*Concentration 2 19.29 NS 15.7 NS 42.3** 36.49** 18.14** 2.23 NS 
Varieties*Concentration 4 9.74 NS 16.6 NS 4.4 NS 28.15** 3.72 NS 4.96** 
Inoculation*Varieties*Concentration 4 0.68 NS 0.7 NS 3.3 NS 1.54 NS 0.26 NS 3.89** 
Error 34 12.08 12.1 13.2 5.25 1.85 1.26 
Total 53       

Appendix 28 Analysis of variance for valine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 12.3 4.7 8.04 35.6 49.6 10.40 
Inoculation 1 477.0** 594.7** 605.35** 42.1** 260.5** 169.60** 
Varieties 2 18405.8** 16776.4** 7535.78** 20057.5** 8811.4** 3071.40** 
Concentration 2 2144.1** 1729.5** 1447.22** 1510.7** 1206.2** 959.36** 
Inoculation*Varieties 2 7.8 NS 10.2 NS 1.67 NS 272.1** 274.3** 388.62** 
Inoculation*Concentration 2 14.9 NS 19.0 NS 21.03** 27.0** 9.7 NS 21.45** 
Varieties*Concentration 4 5.5 NS 27.2 NS 3.11 NS 2.3 NS 7.7 NS 12.23** 
Inoculation*Varieties*Concentration 4 0.5 NS 0.5 NS 0.32 NS 3.3 NS 0.8 NS 4.39 NS 
Error 34 11.2 10.8 4.91 7.5 5.1 3.01 
Total 53       
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Appendix 29 Analysis of variance for methionine content µg.100 mg-1 in three chickpea cultivars after induction of resistance 
by the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 7.04 11.7 7.2 2.06 0.83 7.65 
Inoculation 1 565.19** 554.2** 957.6** 1338.03** 844.12** 482.17** 
Varieties 2 6575.03** 13607.6** 11449.0** 5460.87** 1804.05** 252.27** 
Concentration 2 1634.75** 1748.9** 1968.7** 1810.43** 1250.85** 923.01** 
Inoculation*Varieties 2 6.51** 1.4 NS 4.5 NS 0.76 NS 13.35** 7.61** 
Inoculation*Concentration 2 12.67** 17.6* 45.2** 24.88** 39.92** 24.61** 
Varieties*Concentration 4 4.10 NS 6.5 NS 6.1 NS 6.17 NS 29.63** 0.99 NS 
Inoculation*Varieties*Concentration 4 0.34 NS 1.0 NS 0.5 NS 1.93 NS 0.69 NS 2.13 NS 
Error 34 1.80 5.6 3.2 2.78 2.92 1.31 
Total 53       

Appendix 30 Analysis of variance for isolucine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 2.4 27.8 31.06 12.43 25.63 17.34 
Inoculation 1 541.5** 734.8** 686.23** 808.91** 647.57** 432.37** 
Varieties 2 10904.4** 15443.1** 7683.74** 6167.39** 2833.34** 739.02** 
Concentration 2 1625.6** 1596.2** 1312.14** 1049.62** 810.30** 883.10** 
Inoculation*Varieties 2 1.1 NS 3.5 NS 17.05* 1.37 NS 16.89 NS 7.96** 
Inoculation*Concentration 2 33.4** 30.0 NS 20.39** 11.78 NS 22.30** 11.40** 
Varieties*Concentration 4 16.0 NS 21.5 NS 3.04 NS 4.01 NS 0.93 NS 3.55 NS 
Inoculation*Varieties*Concentration 4 3.5 NS 2.4 NS 1.18 NS 1.67 NS 3.91 NS 0.91 NS 
Error 34 6.9 10.3 5.09 3.92 6.01 1.59 
Total 53       
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Appendix 31 Analysis of variance for leucine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 23.1 72.7 14.2 20.84 31.2 0.5 
Inoculation 1 473.5** 870.4** 862.4** 780.52** 666.4** 819.0** 
Varieties 2 20845.0** 7623.0** 28151.9** 6293.67** 9043.1** 12741.5** 
Concentration 2 1316.3** 1664.7** 1969.0** 1689.74** 1408.0** 1436.0** 
Inoculation*Varieties 2 5.4 NS 7.6 NS 9.3 NS 30.69** 2.0 NS 1.6 NS 
Inoculation*Concentration 2 20.8 NS 21.0 NS 36.0** 31.04** 20.9** 11.2 NS 
Varieties*Concentration 4 7.8 NS 3.9 NS 4.3 NS 10.07 NS 3.0 NS 1.8 NS 
Inoculation*Varieties*Concentration 4 0.6 NS 0.5 NS 2.6 NS 1.70 NS 1.0 NS 0.3 NS 
Error 34 19.9 21.6 8.0 6.52 5.1 3.6 
Total 53       

Appendix 32 Analysis of variance for tyrosine content µg.100 mg-1 in three chickpea cultivars after induction of resistance by 
the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 6.11 14.25 3.16 5.43 6.88 14.69 
Inoculation 1 1252.81** 1631.30** 801.19** 1021.81** 691.94** 424.48** 
Varieties 2 1786.11** 4520.65** 1320.18** 2503.75** 1248.91** 460.29** 
Concentration 2 1529.55** 1579.98** 953.00** 1390.81** 1108.51** 1022.76** 
Inoculation*Varieties 2 21.15** 8.55 NS 7.44 NS 3.82 NS 18.90** 5.67** 
Inoculation*Concentration 2 33.36** 22.58 NS 25.86** 23.13** 16.16** 18.30** 
Varieties*Concentration 4 8.32 NS 13.26 NS 3.14 NS 6.04 NS 8.70 NS 14.23** 
Inoculation*Varieties*Concentration 4 0.68 NS 3.38 NS 0.78 NS 1.87 NS 0.45 NS 0.62 NS 
Error 34 4.88 9.90 2.34 3.92 3.20 1.03 
Total 53       
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Appendix 33 Analysis of variance for phenylalanine content µg.100 mg-1 in three chickpea cultivars after induction of 
resistance by the application of salicylic acid, Bion, KOH, A. indica, D. metel and A. sativum and inoculation with 
A. rabiei 

 

Source of Variance 
Degree of 

Freedom 

Mean Squares 

salicylic 

acid 

Bion KOH A. indica D. metel A. sativum 

Replications 2 15.0 40.2 22.75 14.13 25.21 12.51 
Inoculation 1 1204.2** 995.0** 841.75** 696.96** 532.67** 893.85** 
Varieties 2 7077.2** 14952.4** 6560.64** 6413.50** 7641.05** 7042.00** 
Concentration 2 2117.9** 2018.3** 979.84** 954.91** 850.50** 950.64** 
Inoculation*Varieties 2 4.2 NS 0.7 NS 17.24 NS 15.81 NS 18.49** 2.34 NS 
Inoculation*Concentration 2 79.7** 41.2 * 37.61** 32.98** 17.55** 23.25** 
Varieties*Concentration 4 7.6 NS 5.1 NS 1.08 NS 2.31 NS 3.03 NS 11.56** 
Inoculation*Varieties*Concentration 4 2.8 NS 0.7 NS 1.30 NS 2.53 NS 4.01 NS 3.76 NS 
Error 34 7.3 12.4 5.78 6.79 5.00 3.59 
Total 53       
 


