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ABSTRACT 

Chickpea is an important legume crop of dryland in many countries of Africa, America 

and Asia. It is an important grain crop in Pakistan and represent 70% of total pulses. It is an 

inexpensive source of protein. The Chickpea crop is affected by many abiotic and biotic stresses. 

Among these, Ascochyta blight is measured to be one of the most destructive disease of 

chickpea. In this study, ten different desi and kabuli varities are used for the virulence assay of 

Ascochytarabiei. These varities showed different levels of resistance against A. rabiei. Prior to 

inoculation, different biochemicals, physiological and genetic indicators were observed in 

chickpea lines. Few of them helped us to understand defense mechanism of this crop. The study 

revealed that the protein content was low in susceptible cultivars as compared to resistant 

varieties. It was also observed that the susceptible cultivars were having higher concentration of 

sugar as well as flavonoid contents. It was also observed that the resistant and moderate resistant 

varieties were having higher level of POD and PAL activity as compared to susceptible. The 

susceptible plants were also having low weight of shoot as compared to resistant ones. Before the 

inoculation, it was observed that the biochemicals and physiological indicators such as proline, 

chlorophyll pigments, phenol, amino nitrogen, catalase, root/ shoot length varied in all treatments 

and they did not give any clue to describe the resistance and susceptibility of plants. Expression 

profiling of chitinase gene in chickpea plants showed that it is highly expressed in the resistant 

cultivars as compared to susceptible. RT-PCR results also show that the resistant cultivars were 

having higher expression of SOD gene. Expression of SOD gene was very low is highly infected 

line. Expression of ~-glucosidase could not be observed in any plant which is might be due to 

reason that ~-glucosidase is typically involved in hypersensitive response (HR) and systemic 

acquired response (SAR) and it is expressed after infection. The prresent results helped us to 

understand defense mechanism of chickpea against A. rablei. 
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Chapter # 1 Introduction 

1. INTRODUCTION 

Crops seed are the main staple food which is directly or indirectly consumed by the 

human being (Baird et al., 2008). About 70% of human diet is from legumes (soybean, pea, 

cowpea, chickpea, soybean, etc.) and grains (rice, wheat, maize, sorghum, millet, etc.). Half 

of the world consumption of nutritional proteins in the human is directly provided by seed 

proteins. Over the last couple of years, globally seed production has been doubled due to the 

demand of the seeds in the human and animal food (www.worldseed.org/isf/agriculture). 

In the plants, legume family are the rich source of protein for feed, food and fodder. 

They can be used to manage increasing food demand. The Leguminoseae (Fabaceae) consist 

of about 650 genera and over 18,000 species distributed in three subfamilies (Graham and 

Vance, 2003). It is considered to be the third largest family of the flowering plants and 

second to cereals crops in worldwide production and agricultural importance (Yolmg et al. , 

2003). 

Cicer arietinum L. (Chickpea) is a member of Fabaceae (Leguminosae) fami ly 

andPapilionaceaesubfamily (Nasir and Ali, 1972). Tllis genus comprises only one cultivated 

species i.e. , Cicer arietinum L. and 42 wild species (Vavilov, 1951). It is a vital grain legume 

of Pakistan and adominant pulse crop in the western Asia, South-East,Central America, South 

America, northern Africa and eastern Africa. Over the world, chlckpea is known by many 

names, e.g. Bengal gram, garbanzo bean and Spanish pea (Abdul et al. , 2014). 

1.1. Taxonomic Characteristics of Chickpea 

The taxononlic characteristics of the species include shrubby stem, erect branches, 

and dark green or bluish green, glandular pubescent and 0.3 to 1m tall stem. They have tap

root system with three to four well defined branches of lateral roots. The roots (primary and 

secondary) mainly produce large nodules containing rllizobia for fixing atmospheric nitrogen. 

The main stem may be semi erect, erect or prostate. The main stem comprises of ribbed, 

quadrangular and sometimes copiously branches at different levels (Duke, 1981). Leaves 

generally contain 3-10 pairs of leaflets, wllich are elliptic or ovate, leaf margin serrate, 0.7-

3.0cm wide, however sometimes with a hlgh separated compound leaf or with simple leaf 

lamina also occur. Stipules (if present) are 2-5 and toothed, leaf apex acunlinate or aristate 

with cuneate base. Flower are pink, purplish or wllite: stamens are diadelphous (9-1) 
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surrounding sessile ovary(Duke, 1981). Pod is usually 1.5-2.5cm long; generally with 3 

seeds, surface is glandular-pubescent. Seed coat is smooth or wrinkled with a frontal beak 

and a middle furrow. Germination is crypto-cotylar (Cubero, 1987), self-pollinated and 

sometimes cross pollinated. It is dry climate, rain fed and cool weather crop (Rao et al., 

2010). In Pakistan, it is sown in the middle of September to mid-November or sometimes 

later and is matured in three to six months. 

1.2. Types of Chickpea 

Chickpea have two major kinds;Desi and Kabuli. The Kabuli type is also known as 

the macrosperma types. This type havebeige-colored or white seeds, a thin and flat seed 

surfacewith a ram's head shape, white flowers, with no anthocyanin pigmentation on stems. 

Desi type is also known as microsperma, have colored and copious seed coat, anthocyanin 

pigmentation on stems and pink flowers (Moreno and Cubero, 1978). 

Another in-between type with peashaped seedsis also known in India. The seed 

weight ranges from 0.2-0.6 gram and 0.1-0.3 gram in the Kabuli and Desi types, respectively 

(Frimpong at al., 2009). The Desi types account for 80 to 85% of the entire chickpea area and 

are mostly cultivated in Africa and Asia (Pande, et al., 2005). The Kabuli varieties are 

largelycultivated in North Africa, Europe,West Asia and North Arnerica(Jukanti et al. , 2012). 

Based on a review of producing zones, 90% of the chickpea cultivated in Pakistan is 

of Desi and remaining 10% is of kabuli varieties. NWFPand Punjab provinces of Pakistan 

are the main producers of chickpea, comprising 7% and 87% of the area for chickpea 

cultivation, correspondingly (Ali, et al.,2003). 

1.3. Worldwide Production of Chickpea 

Production of the chickpea increased regularly in the last 20 years. In 2003, chickpea 

production about 7.1 million tons (MT), position 3rd after the bean (19.0 MT) and pea (10.3 

MT) (F AO, 2004). The average yield of chickpea seed range from 390-3600 kg/ha, 

dependent upon the crop management for abiotic and biotic constraints and environmental 

conditions (Gan et al., 2006). 

Nowaday, Cicer arietinum IS cultivated in more than 50 countries across southern 

Europe, the North Africa,Arnericas, the Middle East, Australia andIndian subcontinent. 
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During 2006 to 2009, the chickpea production was about 9·6 million metric tonnes with an 

average yield of about 849 kg/ha and production area was 11.3 million ha (FAOSTAT, 

2011). 

The largest chickpea producing country is the India, producing 6.38 million metric 

tonnes during the years 2006-09, which is the 66% of total world chickpea production 

(FAOSTAT, 2011). The other main chickpeaproducing countries include Pakistan, Turkey, 

Australia, Mexico, Myanmar, Iran, Ethiopia, USA and Canada (Jukanti ,et aI., 2012). 

1.4. Chickpea Production in Pakistan 

Chickpea is the most important pulse crops, mainly grown in the irrigated and rainfed 

areas of Punjab by resource-poor farmers in drought prone areas, specifically. Considerable 

progress has been achieved in developing improved varieties of chickpea that fit specific 

niches in thecropping pattern. Fallow areas were brought under chickpea cultivation as the 

crop could now escape terminal drought. However, large-scale adoption could not be 

sustained due to several socio-economic and technological constraints (Nisar et al ., 2007). 

In terms of production and area of chickpea, Pakistan ranks 2nd after India. Chickpea 

is the crop that is grown in Barani parts of the country as Rabi crop. It participate about % of 

the pulses crop cultivated in Pakistan (Ali et al. , 1991). Chickpea is the largest Rabi pulse 

crop, accounting for 76 percent of total production of pulses in the country and occupies 

about 5 percent of cropped area. During 2017-18, gram production witnessed an increase of 3 

percent on account of increase in area sown and favourable weather condition prevalent at the 

time of sowing. In Pakistan,chickpea is cultivated in an area of about 978 thousand hectares 

with yield of340 thousand tonnes (Pakistan Economic Survey, 2017-18). 

In Pakistan, it is grown under 3 cropping systems, first one is the rain fed system 

which covers about 88% of total chickpea cultivation area. In these areas,it is sown singly or 

mixed with other crops. The second one is the rice founded system, which constituteabout 

11 % of the total chickpea sowing area. In this system, the chickpea is cultivated after rice. 

The last one is the irrigated system, which covers only 1 % of the total area (Hassan et al. , 

2003). 

In the last few years, chickpea production has been significantly increased 111 

Pakistan. It is due to the better adaptation to local agro-climatic situations, improved 

satisfactoriness through enhanced nutritive grade i-e, fatty acids and anti-nutritional feature 
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outlines and the development of new chickpea cultivars with higher yields, through the 

increase of export markets and by stronger gratitude of the assistances of alternative cropping 

systems (Muhammad et al., 2007). 

In Indo-Pakistan subcontinent, mainly Desi chickpea is cultivated. ThaI is the major 

chickpea producing area. In Pakistan during year 2005-06, total area of chickpea production 

was 1028.90 thousand hectares (4.3% of total cultivated area), which is about 6% of the 

entire area under pulses crop in the country. The annual yield is about 479.5 thousand tones 

with an average yield of 466 kg/ha. During 1996-2006, yield of the chickpea was reduced 

from 617 to 466 kg/ha. On an average, Punjab produced about 80% of the total chickpea and 

NWFP, Sindh and Baluchistan provinces produced the lasting 20% (Govt. ofPak. , 2006). 

Punjab produces 84% of gram or chickpeas, 77% of wheat and 95% of potato - three 

key Rabi crops of the country ' s total production (FAO, 2018). In Pakistan (Punjab), district 

khusab contributed 28% of chickpea yeild while the remaining came from all other areas of 

the Punjab. In Noorpur (ThaI desert of Khushab), where other crops are not grow so 

effectively, it plays an important role for the survival of the famlers. In dry areas of the ThaI 

desert, chickpea maintains soil fertility, by playing a key role in the Nitrogen fixation 

(ICRISAT, 2005). 

Chickpea is a cash cropfor the people of Noorpur ThaI. All the public events of rural 

societies like illness of human being, marriages, livestock rearing and education are directly 

or indirectly linked with the chickpea. There was a wide gap between actual and potential 

yield, which may be attributed to many limitations, e.g, labour management,infrastructural 

and crop management restrictions (Sharif, 2004; Pankaj et al. , 2001). 

1.5. Nutritional Value of Chickpea 

Chickpea is rich in its nourishing standards; it comprises carbohydrates (64%), protein 

(23%), dietary fibre (19%), vitamins and minerals (Abdul et al., 2014). There is an increasing 

demand for this crop, due to its notable nourishing value (Gul et al., 2007, Jukanti et al. , 

2012). In the semi-arid areas, it is important part of foods for those peoples who are 

vegetarian or those who cannot afford animal protein. Chickpea is a rich source of protein 

and carbohydrates, together founding 80% of the entire dry seed mass (Geervani , 1991; 

Chibbar et al. , 2010) in contrast to other crop. Chickpea is lipid free and is a best source of 
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minerals, vitamins, dietary fibre and trace elements (Williams and Singh, 1988; Wood and 

Grusak,2007; Agriculture and Agri-Food Canada, 2006). 

Chickpea seeds are eaten as fried, green vegetables, snack food, boiled, 

parched,roasted, sweetmeats and condiments. About a dozen food preparations e.g. besan, 

dry gram (putanas), dhal and hummus are made from chickpeas (Hunsigi and Krislma, 1998). 

Other than carbohydrates and protein, oil (including essential fatty acids) are also 

important organic compOlmds of the chickpea (Gul , 2007). The chickpea cannot be known as 

an oil containing seed; as the oil concentration of chickpeas are low. Oil of the chickpea 

consists of sterols, tocotrienols and tocopherols (Akihisa, et al 1992; Gopala, et al 1997; 
\ 

Akihisa, et al. ,2000). All these ingredients have their particular medicinal and nutritional 

importance. Tocotrienols have been described to be higher antioxidant properties than the 

tocopherols and also have the biologically important assets e.g. inhibition of biosynthesis of 

lipid (Seher and Ivanov, 1973; Qureshi, et al. , 1986; Yamaoka. , et a/1991). 

Phytosterols lowers cholesterol levels in humans (Jones, et al., 1997) and they also 

show antibacterial, antiulcerative, anti-inflammatory, antitumor and antifungal activities 

(Akihisa, et aI., 2000, Arisawa, et al.,1985 , Ling and Jones, 1995). In the human diet, 

micronutrients (e.g. copper~ ferric , manganese, zinc) and macro nutrients (e.g. phosphorous, 

potassium, magnesium and copper) are required. A 100 gram of cooked chickpea can provide 

24 % phosphorous, 39% copper and 43% manganese of the recommended dietary allowance 

(RDA) (Wood and Grusak2007). That's why, chickpea has become a chief source of vitamins 

and minerals to the cereal based everyday food of millions of people living in under 

developed countries (Jukanti et al. ,2012). 

1.6. Health Benefits Due to Chickpea 

Health benefits of chickpea include high in vitro protein digestibility and low 

allergenic properties (Ulloa et al. , 1988: Morrow 1991:Cordle 1994: Clemente, et aT., 

1999:Tharanathan and Mahademavanm1a 2003: Amjad et al. , 2006: Shad et al., 2009). 

The oil ingredient in chickpea is the maximum among other pulses and contains 3-

10% of the total dry seed weight (Williams and Singh, 1987; Almeida et al. , 2006; Wood and 

Grusak, 2007). Generally chickpea oil is composed of unsaturated fatty acids (Gill, et al. , 

2008). Omega-6 linoleic fatty acid is the main part of chickpea oil (46% to 62% of total 

acids) followed by omega-9 oleic acid (Wood and Grusak, 2007). Omega-6 fatty acid is an 
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important unsaturated fatty acids that is necessary for human metabolism (Simopoulos 1999). 

Omega-9 oleic fatty acid is present in seeds; during storage it lowers oxidation properties 

(Turkulov et al. ,1996). Chickpea lowers total serum cholesterol levels (Pittaway, et aI. , 

2008). 

1. 7. Disease of Chicl{pea 

Chickpea is vulnerable to a enormous number of abiotic and biotic stresses, which can 

be disturbing to crop production by about 1/3 rd each year (Haware, 1993). More than 54 

insect pests and 50 pathogens have been described on chickpea, from different areas of the 

world (Dawar et al. , 2007; Singh et al., 1994; Van Rheenen, 1991). In the biotic stress, many 

fungal species e.g. Aspergillus flavus, A. amstelodami, , A. fi{migates, A. sydowi, A. niger, 

A. wentii, A. nidulans, Alternaria alternata, A. pon-i, Cladosporium 

macrocarpum, Curvularialunata, Botrytis cinerea, Fusarium oxysporum, F. equiseti, F. 

semitectum, F monilijorme, Jvfyrothecium rOl-idum, Penicillium notatum, Rhizopus arrhizus, 

Macrophomina phaseolina and Rhizoctonia sp., have been described from chickpea (Dawar 

et aI. , 2007; Ahmad et al., 1993). Of different diseases, Alternaria blight is caused by 

Alternaria alternata and Collectotrichum blight is caused by Collectotrichum dematium 

(Vishwakarima and Chaudhary, 1974). Ascochyta blight is produced by Ascochyta rabiei 

(Nene, 1980b), and grey mouldis produced by Botrytis cinerea (Dawar et al. , 2007) . 

Mycotoxins are also produced by some Mould f·ungi (Rodricks, 1976). In stored grains, many 

researchers have identified toxin production ability of some mold fungi which destroy stored 

goods (Afzal et al., 1979). 

In Pakistan, Fusarium wilt, Ascochyta blight and stunt virus disease are the major 

diseases of chickpea (Ansari, 1982). Ascochyta blight is the most important and damaging 

disease which can decreases up t050 to 70% yield of chickpea (Malik and Bashir 1984). 

1.7.1. Ascochyta rabiei 

Ascochyta blight, a disease produced by Ascochyta rabiei, the main biotic factor 

restraint limiting chickpea yield worldwide (Nighat et al., 2012; Siddique et al. , 2000; Singh 

et al. , 1998) This disease can occur in all the chickpea cultivated areas of the world (Chongo 
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et al. , 2003 ; Kaiser et al. , 2000; Akem, 1999; Khan et al., 1999; ICARDA, 1996; Kaiser and 

Muehlbauer, 1989; Nene and Reddy, 1987). 

Ascochyta blight significantly reduces chickpea quality and yield, and in some situations, the 

chickpea yield losses for vulnerable verities are almost about 100% (Reddy and Singh, 1990). 

Financial losses due to disease damage have been extensive in several areas including West 

Asia (Akem et al. , 2000) Australia (Knights and Siddique, 2002; Ackland et al. , 1998), Latin 

America (Kaiser et al. , 2000), southern Europe (Trapero- Casas and Jime 'nez-Dl'az, 1986), 

United States of America (Kaiser and Muehlbauer, 1989) and Canada (Chongo and Gossen, 

2001). All the aerial parts of the plants are affected by ascochyta blight. In the seed bome 

infection, chocolate colored lesions appear at the base of seedling. Then, the lesions increase 

and girdle the shoot causing its rupture or death of the whole plant. On the green pods, the 

lesions are round with dark borders and have pycnidia in concentric circles. On the leaflets, 

the scratches are usually elongated or circular, having asymmetrical brown spots and are 

encircled by brown red boundary. In generally, the infected seed convey lesions. On the 

petiole and stem, the lesions are elongated, chocolate colored, having black spots and girdle 

the affected part. As the disease spread, the lesions of the effected plants become prominent 

and gradually feast, including the whole field. The initial infection of the ascochyta blight is 

recognized from infected seeds or from debris. In the rainy seasons, at a temperature 20DC 

and at 85 to 90% humidity, the fungus spread rapidly on the crop (Chauhan and Sinha, 1973). 

The disease plants produce spores on necrotic scratches that distribute plentiful inoculums by 

air or rain to other plants into field (Alam et al., 1987). 

The disease spread in irrigated and Barani areas of the country that may results in the 

complete failure and destroy chickpea crop. If the ecological circumstances favor disease, the 

losses may spread up to 100% (Wise et al. , 2008). Infection during pod development stage 

frequently results in shrunken infected seeds (Nene, 1980). 

1.8. Genetic and Biochemical Basis of Resistance in chickpea 

1.8.1. Genetic basis of resistance 

The use of the resistant cultivars is the efficient method to control Ascochyta blight 

and it is a main objective of chickpea crop stability over the world (Reddy and Singh, 1990). 

The breeding for resistance varities through the last 60 years did not produce too many 
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resistant cultivars. But, the wild types of the genus "Geer" i.e, Cieer eehinospermum have 

few resistant varities . Cieer eehinospermu1I1 and Cieer retieuZatll111 both are cross-compatible 

with Cieer ariefinum therefore they could deliver foundation of resistance (Singh et aZ., 

1998). An effort, in joining with breeding for effective resistance bases was made at the 

global center for agronomic research in the dry areas but abandoned after helpful results 

could not be attained. Recent research was made on gene pyramiding by merging many 

resistant genes into single variety (Singh et al., 1994). 

Multiple quantitative trait loci recognized on linkage groups 1, 2, 3, 4, 6 and 8 are 

participate in resistance mechanism of chickpea against Aseoehyla rabiei ( Tar'an et aZ. , 

2007; Iruela et af. , 2006; Flandez-Galvez et af. , 2003; Huettel et af., 2002).Many defense 

related mechanisms have also been described previously (Tar'an et aZ., 2007). The expression 

profiles of many host genes, which are involved in defense mechanisms, have already been 

characterized in pathosystem of chickpea (ICC3996) (Coram and Pang 2005a, 2006). 

Pathogenesis related (PR) protein, e.g. clutinase and glucanase are produced by 

pathogen derived elicitors (Edereva 2005; Kombrink and Sclm1elzer 2001). B1 ,3-glucanase 

(PR-2B) secrete glycosidic remains that enhance host defense mechanisms, decomposes and 

weakens fungal cell wall containing glucans (Edereva 2005; Kombrink and Sclunelzer 2001). 

The rapidity and harmonization of the pathogen observation of the host also play important 

role to achieve effective defense. The resistance hosts respond effective and produce higher 

amount of defense related compounds than susceptible. For example, PR protein, chitinase 

and B-1,3-glucanase are quickly produced in resistant verities (Vaghefi et aZ., 2013 ; Coram 

and Pang 2006; Hanselle and Barz 2001; Vogelsang and Barz 1993). In the same case, 

glutathione S-transferases that is a multi-gene family detoxify numerous complexes (Dixon et 

aZ. , 2002; Edwards el al. , 2000; Marrs 1996), protect uninfected cells from the poisonousness 

of oxygen and defeat apoptosis (Coelho et af. , 2010). The down-regulation of GST shows 

arise in cellular I-h02 from a probable oxidative rupture (Neill et al., 2002). 

The role of many genes were identified by Ichinose et al., (2000) by comparing, isolating and 

sequencing cDNAs of chickpea after inocula60n with Aseoehyta rabiet with other plants 

genotypes. It is considered that the functions of cDNAs involved: 

1) Genes for expression e.g. translation and transcription 

2) Defense related pathway genes e.g. PR-proteins, reactive oxygen species scavenging 

enzymes, reinforcement of cell wall and phytoalexin biosynthetic enzymes. 

3) Genes involved in signal transduction. 

4) Genes encoding proteins for the metabolism 
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5) Genes for the catabolic pathway (Ichinose et aZ., 2000). 

1.8.2. Biochemical basis of resistance 

Disease resistance in plant is the capacity of plants to retard, limit or stop disease 

progress and it happens at moderate, low or high level (Bell, 1981). Plants prevent 

themselves from the attack of biotic and abiotic stresses by the action of many chemical and 

physical barders (Agrios, 2005). Many biochemicals e.g. amino acids, phenolic compolIDds, 

minerals and phytoalexins are necessary in disease resistance. Phytoalexins are the low 

molecular mass elements which are produced in the plants after the motivation by many plant 

pathogens and by mechanical or chemicals damage (Strange, 2003). Hundreds of 

phytoalexins have been identified from about 900 plant genotypes (Harborne, 1999). Many 

categorized groups are the isoflavans, pterocarpans and isoflavanones of pulses (Dixon et af. , 

2002). 

The resistance of chickpea to A.rabiei dependson the increase of phenolic contents 

(Vir and Grewal, 1975). The increased level of pterocarpon phytoalexins were observed in 

the stem and leaves of susceptible and resistance chickpea varities (Dolar and Gurcan 1993; 

Jamil et aZ. , 1990). After inoculation with A.rabiei the total phenolic contents accumulation in 

2-3 months old plants was less in the susceptible as compared to resistant plants. 

Many enzymes also participate in the resistance of chickpea plants to Ascochyta 

blight; e.g. diamine oxidase, polyamines, Phenlalanine anm10nia lyase (PAL) and peroxidase. 

All these have been identified to show a great role in regulating the acclIDmlation of 

phytoalexins and phenolic in answer to any attack on plant (Peltonen et aZ. , 1998; Okay et aZ. , 

1997). Highest PAL content was detected 12-24 hours post inoculation which matches with 

the most rapid gathering of phytoalexins (Sarwar et aZ. , 2001). The resistant varities have the 

higher concentration of Cadaverine and Diamine oxidase (DAO) in the fourth node as 

associated to susceptible cultivars. Putrecine and DAO and POD activities markedly 

increased after post inoculation in the both verities as compared to control cultivars. But the 

higher levels of both enzymes activities were observed in the resistant lines (Angelini et al., 

1993). The specific enzyme polyphenol oxidase (PPO) activity was observed in the resistant 

cultivars after the inoculation with both the pathogens isolates from six to ten days. But, the 

PPO activity abruptly decreased after ten days of inoculation (Khirbat and Jalali, 1998). 

The role of different minerals has also been revealed in relation to resistance against 

A.rabiei. Randhawa (1994) observed that the value of Sand K was more in the susceptible 
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varities as compared to resistant. However, the amount of Zn, N, Fe and P did not change in 

the susceptible and resistant varities of chickpea. Excluding the regaining of Fe and Cu, all 

other elements were increased after inoculation on over all basis, in all the cultivars. The 

noticeable increase of K was observed after inoculation in the resistant varities but it was 

reverse in case of Mg, Sand P concentration. Regarding amino acids contents, the value of 

arginine, threonine, lysine, aspartic acid, tyrosine, glutamine, leucine and iso-leucine were 

higher in resistant varities, while the higher concentration of proline, valine and alanine was 

observed in the susceptible verities and the level of glysine, serine, polyalanine and 

methionine were almost same in the both verities. As compared to susceptible, the resistant 

cultivars had higher level of amino acids. After the inoculation, there was overall decrease in 

the amount of amino acids. The phenolic contents were almost same in all the cultivars before 

the inoculation. After inoculation, the concentration of phenol was increased. As compared to 

the susceptible, the resistant cultivars produced more phenols after inoculation. 

1.9. Aims and Objectives 

The purpose of this Shldy was to 

~ Identify biochemical markers to describe the susceptibility of chickpea against 

Ascochyta blight. 

~ Analyze different defense related genes to check their expression and regulation in 

different chickpea cultivars. 

~ Evaluate the response of desi and kabuli chickpea varities against the Ascochyta 

blight at molecular and biochemical level. 
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Chapter # 2 Materials and Methods 

2. MATERIALS AND METHODS 

2.1. Seed Collection and Nicking of Seed 

In this study, a total of six desi varieties (Dasht, AUG-424, Punjab-2008, Paidar, 

Punjab-2000, Bittle-16) and four kabuli varieties (DG-92, Noor-91, K-14024, K-01248) were 

used (Table 2.1). Healthy seeds of chickpea cultivars were obtained from NIAB Faisalabad 

and NARC, Islamabad, Pakistan. For all verities of chickpea, 25 seeds of each variety were 

washed with running tap water. After this, nicking of seeds was done with the help of nail 

clipper. 

2.2. Soil Preparation 

Soil, sand and peat moss were mixed in 1: 1: 1 ratio and autoclaved after sieving. For 

the sowing, germination and plant growth purpose, this soil was used. Each pot was filled 

with almost 250 g of soil. 

2.3. Seed sowing and germination 

After nicking, the seeds were sown in the pots. In each pot, 5 seeds were sown and 5 

pots were used for each treatment. Watering of plants was done after every five days and 

small amount of fertilizer was provided after 10 days of sowing. 

2.4. Biochemical parameters 

After 21 days of sowing, following biochemical parameters were studied: 

2.4.1. Protein Contents 

Protein contents of the leaves were determined by following the method of Lowry et at. , 

(1951), in which Bovine Semm Albumin were taken as standard phosphate buffer (stock 

solution). It was prepared by the following way; 
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I. Monobasic sodium phosphate (27.6 grams was dissolved into one liter distilled 

water) . 

II. Dibasic sodium phosphate (S3 .6 grams was dissolved into 1000 ml of water). 

Sixteen milliliter of monobasic sodium phosphate solution and 84 milliliter of dibasic sodium 

phosphate were mixed and adjusted at specific pH (7.S). 

Reagent A: Two grams sodium carbonate (Na2C03) 

One gram of Na-K tartrate and 0.4 gram of NaOH (0.1 N) were dissolved into100 ml of 

water. 

Reagent B: O.S gram of CuS04.SH20 was dissolved into 100 ml of distilled water. 

Reagent C: SO ml of Solution A was dissolve in 1 ml of Solution B. 

Reagent D: distilled water and Folin phenol reagent was mixed in 1: 1 ratio. 

Procedure 

In one ml of phosphate buffer (PH 7.S), O.lg of chickpea leaves were grind with the help of 

pestle and mortar. The sample was centrifuged at 3000 rpm for ten minutes. The supernatant 

(0.1 ml) were taken into the test tube and water was added up to 1 ml. In this mixture, 1 ml of 

reagent C was added. Shaken well for ten minutes and 0.1 ml of reagent D was added. It was 

kept for 30 minutes and absorbance was checked at 6S0nm. Different concentration of 

Bovine Serum Albumen e.g. 20, 40, 60, 80, 320 and 640 mg were made and absorbance of 

these was checked at 6S0nm. Protein concentration was determined by using the following 

equation 

Protein content(mg/g) =K value xDilution factor x Absorbance/Weight of the sample 

K value= 19.6, Wt. ofsample= 0.1 g, Dilution factor = 2 

2.4.2. Sugar Estimation 

Sugar concentration of chickpea leaves was determined by the modified method of Dube et 

al. , (19S6). Plant leaves (O.Sg) were grind into Sml water and centrifuged for S minutes at 

3000 rpm. In supernatant (0 .1 ml), 80% phenol (1ml) was mixed. After Incubation at 2SoC, 

carefully added 3m! conc. H2S04. The samples were heated for 4 hours and absorbance of 

each sample waschecked at 420 nm by using spectrophotometer. 

Sugar content mg/g =K value x Dilution factor x Absorbance/Weight of the sample 

Dilution factor- S 

K value= 20 

Weight of sample= O.S g 
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2.4.3. Proline Contents of Leaves (ug/g) 

Proline content of leaves was calculated according to Bates et af. (1973). Fresh leaves 

(0.1 gm) were grind in 3% sulphosalicylic acid (4ml) and kept at 5°Cfor one night. The 

mixture was centrif-uged at 25Dc at 3,000rpm for 5minutes. 2ml of supernatant was taken in 

tubes and mixed with acidic Ninhydrin Reagent. These tubes were heated in water bath at 

lOO°C for one hour. Tubes were cooled, 4m1 of toluene was added and mixed well. The 

absorbance was measured at 520nm, toluene was taken as blank. 

The proline content was calculated by using the formula. 

Proline ug/g = dilution factor x k value x absorbance/sample wt. 

K value= 17.52 

2.4.4. Carotenoid and Chlorophyll Content 

Carotenoids and chlorophylls (a, b and total) were detelmined according to Lichtenthaler 

(1988) and Hassanzadeh et af. , (2009), respectively. Fresh plant leaves (100mg) were taken 

and grind into 6 ml acetone (80%). The extracts were centrifuged for 10 minutes at 6000 rpm 

at 4°C. The supernatants were taken into the tube and the pellets were resuspended and 

centrifuged with acetone until they turned colorless. The absorbance of samples was recorded 

at 645, 663 and 470 nm by using spectrophotometer. Pigment concentrations were expressed 

as mg g-'DW. 

2.4.5. Estimation of Phenols 

Phenol concentration in the leaves of chickpea was determined by Ciocalteau Reagent 

method (Swain and Hillis, 1959). One gram of leaves sample was grind in 10 ml 0.3 N HCL 

and shaken for 60 minutes. After this, the extract was centrifuged for ten minutes at 4 DC at 

8000 rpm. Supernatant got was evaporated to dryness on water bath. In the extract, hot water 

was added and final volume was adjusted to 10 m1. One 1111 of extract was taken to which 1 

ml Folin-ciocalteau reagent was mixed followed by the addition of 1 ml Na2C03 (35%) 

solution. The final volume was adjusted t05 m1 by adding water. Absorbance was recorded at 

620 nm. 

Exploring Gene Indicators to Describe Susceptibility of Chickpea to Ascochyta Blight 13 



Chapter # 2 Materials and Methods 

2.4.6. Amino Nitrogen 

The pH of alcoholic extract was adjusted at 7.0 (by adding HCLlNaOH 0.1 N). In 1 mlof 

alcoholic extract, ninhydrin reagent (lml) was added. This solution was heated for 20 

minutes and cooled. After this, 5 ml distilled water was added and the absorbance was taken 

at 475 nm by using spectrophotometer. 

2.4.7. Screening of Flavonoid 

The concentration of flavonoid in the chickpea leaves was determined by usmg 

spectrophotometer method (Quettier et al. , 2000). One milliliter of methanolic extract of 

leaves sample was made in concentration of 1 mg/ml. In the methanolic extract, one ml of 2% 

AIChmixture was added. Then the reaction mixture were kept for 60 minutes at 25°C. The 

absorbance of the samples wasmeasured at 415 nm by using spectrophotometer. 

2.5. Enzymes Tests 

2.5.1. POD activity 

POD activity in the chickpea leaves was measured by the modified method of Reddy et al., 

(1985). One gram of the chickpea leaves was groid in ten ml of phosphate buffer solution (pH 

6.5, 0.1 M). The reaction mixture was centrifuged for 5 minutes at 5000 rpm and absorbance 

of the supernatant was recorded at 430nm. 1 % Ih02 (500 ul) was prepared in the phosphate 

buffer and it was taken as blank. At 430nm, the change in the optical density per minutes was 

taken as one unit of peroxidase. 

Change in A430 = Af-Ai 

2.5.2. Catalase Activity 

, " 

Catalase was determined by calculating the value of H202 disappearance (Teranisru et al. , 

1974). Enzyme extract (0.1 mL), 20mM H202 and phosphate buffer (PH 7.5; 50 mM) was 

mixed to make the reaction mixture. Titanium reagent (two mL) was mixed to end the 

reaction after 5 min, which showed the formation of colored compound with H202 deposit. 
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This mixture was centrifuged at 10000 rpm for ten minutes at 4°C. The supernatant was used 

to measure the absorbance at 41 Onm by using spectrophotometer. 

2.5.3. Phenylalanine ammonia-lyase (PAL) 

PAL in the chickpea leaves was identified by using the procedure of Whetten and Sederoff 

(1992). One gram of leaves was grind at 4°C in five ml of sodium borate buffer (PH 8.8, 0.1 

M). The reaction mixture was centrifuged at 10000 rpm for 5 minutes at 4°C and the 

supernatant was used as enzyme extract. PAL activity was identified by mixing 0.5 mt of 

0.02 M phenylalanine, 2 ml of boric acid buffer and 200 ul of enzyme extract and this 

material was incubated at 30°C for 30 minutes. HCL (200 ul) was added to stop the reaction. 

Absorbance was recorded at 290 nm by using the spectrophotometer. 

One enzyme unit showed the quantity of enzyme that produces one nmol of cinnamic acid 

min-lgFW·I. 

2.6. Physiological Parameters 

2.6.1. Shoot Length 

Length of the freshly harvested shoots of chickpea plants were measured with the help of 

measuring tape. 

2.6.2. Root Length 

Length of the freshly harvested roots of chickpea plants were measured with the help of 

measuring tape. 

2.6.3. Fresh weight of plants shoot 

Fresh weights of the chickpea plants shoots were noted by using electrical weighing balance. 

2.6.4. Freshweight of plants roots 

Fresh weights of the chickpea plant roots were noted by using electrical weighing balance. 
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2.7. Molecular Characterization 

2.7.1. Total RNA Extraction 

Total RNA from the chickpea was extracted by thermo scientific mllll kit. The RNA 

extraction procedure included the following steps; 

1. Pipette 500 ul of Plant RNA Lysis Solution in the 1.5 ml eppendorftube. 

2. Take small amount (about 50mg) of white sand into the mortar and pestle. 

3. Cooled the mortar and pestle with the liquid nitrogen. 

4. Weight the fresh chickpea leaves up to 100 mg and grind into the liquid nitrogen with 

the help of mortar and pestle (contain cooled white sand). 

5. Inunediately transfer the plant sample into 1.5 ml eppendorf tube containing the Plant 

RNA Lysis solution. Vortex it for 20 to 30 sec. 

6. Incubate for 5 minutes at 56°C into the water bath. Centrifuge for 8 minutes at 14000 

rpm. 

7. Collect the supernatant and transferred into the new 1.5 ml Eppendorf tube. Add 250 

ul of 96% ethanol into the supernatant, mix it by pipetting. 

8. Transferred the mixture to a purification column, inserted in a collection hlbe. 

9. Centrifuged for 1 minutes at 12000 rpm. Discard the flow through mixture. 

10. In the purification column add 700 ul wash buffer 1 (WB 1). Placed the column in the 

collection tube, centrifuge for 1 minute at 12000 rpm. Discard the flow through 

solution. 

11. Take 500 ul of wash buffer 2 (WB 2) in the purification column. Placed it into the 

new collection tube. Centrifuged for one minutes at 12000 rpm. 

12. Repeat the step 11 and centrifuged at 13000 rpm for 1 minutes. 

13. Discard the collection tube with flow through solution. 

14. Placed the purification column to an RNase free 1.5 ml Eppendorftube. 

15. Add 30 ul of nuclease free water in the center of the purification column membrane, 

wait for 30 sec and centrifuged for 1 minutes at 12000 rpm. 

16. Discard the purification column and immediately store the purified RNA at -800c. 

Nanodrop was used to check the integrity of RNA. 
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2.7.2. cDNA Synthesis 

cDNA was made by using Thermo-scientific Revert-Aid First Strand cDNA synthesis kit. 

2.7 .2.1.Procedu re: 

~ Take the components of the kit, mix, thawing and centrifuge for a short time. Store on 

Ice. 

~ Into the nuclease free, sterile PCR tube, add the following reagents. 

~ Take the nuclease free water (volume vary) in the PCR tube, in this pipette the RNA 

template (vary) and add 1 ul of Oligo (dt)18 Primer. The total volume should be 12 ul. 

~ Reaction mixture was incubated for five minutes at 65°C. Quickly coolon ice and 

place the tube on ice. 

~ After this, following components were added in the specified order. 

1. 5X Reaction Buffer 4 ul 

2. RiboLock RNase Inhibitor (20U/ul) 1 ul 

3. 10 Mm dNTP Mix 2 ul 

4. RevertAid M-MuLV RT (200 U/uL) 1 ul 

The total volume should be 20 ul. 

~ Mix gently and incubate for one hour at 42°C. 

~ Stop the reaction by heating for five minutes at 70°C. 

The integrity of cDNA checked by Nanodrop. 

2.7.3. Polymerase Chain Reaction 

cDNA was used to amplify the fragment of different defense related genes in chickpea. For 

amplification of genes, specific primer primer were used (Table 2.2). 

2.7.3.1. Primer Dilution 

Primers were dissolved in 300 ul PCR water kept at 4°C, overnight. This mixture was further 

diluted 10 times and stored at -20°C, until further used. 
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2.7.3.2. peR Strategy and Amplification 

PCR was done in the reaction mixture of 20ul. The template of the cDNA were denatured at 

94°C for 5 minutes, followed by 40 second at 95°C, 40 second at 56°C, 40 second at 72°C 

and 7 minutes at 72°C followed by 35 cycles. PCR reaction of 20ul contained the 0.5 ul of 

cDNA, 2 ul dNTPs, luI MgCh, 2ul of lOx buffer, 2 ul of mixed primers, 0.3 ul of Taq 

polymerase enzyme and 12.2 ul of PCR water, vortexed for 20 second and were subjected to 

thelma I cycl ing. 

2.7.3.3. Agarose Gel Electrophoresis 

The amplified PCR fragments were nm on 1 % agarose gel and bands were examined under 

UV light. 

2.7.3.3.1. Preparation of Agarose Gel 

Two grams of the agarose was taken in the flask, 100 ml of IX TBE buffer was added in the 

agarose and heated for 3 minutes in the microwave oven. After tllis, the agarose was cooled 

and ethidium bromide (3ul) was added in it. Poured tllis agarose into the tray and solidified. 

The general apparatus composed of plastic box filled with IX TBE buffer and having the 

platinum electrode. Gel was poured in the suitable tray. The Gel tray was dip in the buffer 

filled tank. Loading dye (3 ul) was added in the IO ul of each PCR product, separately. Then 

it was loaded in the wells and current was applied. The DNA samples were migrated across 

the gel, according to size. 

2.7.3.3.2. Running of the Agarose Gel 

Gel tray was placed into the electrophoresis chamber. PCR product mixed with bromophenol 

blue dye and loaded in the Gel. The electrophoresis chamber was connected to the electricity 

and made sure that the polarity is correct. The PCR product was migrated toward the positive 

(red) electrode. Gel was run about I hour at 85 volt. 
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2.7.3.4. Visualizing the peR product in Gel 

Ethidium bromide has higher ability for binding with the nucleic acid. One molecules of the 

DNA could bind with many molecules of ethidium bromide. Upon the exposure to ultraviolet 

light, the ethidium bromide made bright fluorescence. This technique also used to visualize 

the small fragments of DNA. Gel was taken in the dark and placed in the transilluminator to 

see the DNA bands. 

2.8. Fungal Isolates 

The pmified strain of A. rabiei used in this experiment was obtained from the molecular plant 

pathology lab,Quaid-i-Azam University Islamabad. 

2.8.1. Microscopic Identification of Fungus 

Slide of the pure culture of A. rabiei was prepared for the microscopic identification. One 

drop of the lactophenol cotton blue stain was placed on the center of the slide and with the 

help of mounting needle, a small piece of mycelium from the edges of colony of fimgus were 

put on the slide. With the help of needle, the mycelium was spread gently, on the slide. A 

cover slip was put over the slide and observed at lOx, 40 x and 100 x magnifications. 

2.9. Multiplication and Preparation of Inoculum 

The purified strain of the A. rabiei was multiplied on Sabouraud Dextrose Agar (SDA) in 

petri dish at 25±1 DC. The SDA media was prepared by adding 65.5 grams of Sabouraud 

Dextrose Agar in one Ii tel' of distilled water, mixed well and autoclaved at 121 0 c, 15psi for 20 

minutes. The media was cooled and poured into the petri dish (90 mm in diameter) in laminar 

flow hood. The f'ungus stain was transferred into the petri dish containing SDA media with 

the help of sterilized saputula and placed into the incubator at 25±1 DC for 10 days, to induce 

sporulation. 

The conidia of the distinct stains were collected from 10 days old cultures on SDA media, by 

swamping pycnidial containing colonies with sterile distilled water and removing spore with 

the help of sterilized glass rod. Haemocytometer were used to account the number of spores 
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In the spore suspension and the conidial concentration was adjusted to 2x 1 0"5 

pycnidiospores mL -) . 

2.10. Inoculation of Seedlings 

The minidome method already defined by Chen and Muehlbauer (2003) was used to record 

the pathogenic difference among the varities. One month old plants were inoculated with the 

spore suspension of A. rabiei using 3 pots of each variety. The plants was sprayed with this 

spore to run-off (estimated 3ml each plant) and instantly enclosed with plastic cover by 

forming a mini-dome to produce equal relative high moisture for 72 homs to enable infection. 

Then the plants were sited in growth chamber that was set at 22°C night (12 h) and 25°C 

night (12 h) at 100% relative humidity (Figure 2.1). 

2.11. Measurement of Disease Severity 

Disease severity was checked after 21 days of inoculation, by the method based on 1-9 

assessment scale, which was improved by Reddy and Singh (1984), as follows: 

1. Plant having no disease. 

2. Lesions are present on plant, but they was inconspicuous and small. 

3. Lesions were simply seen on plant, but plant was generally green. 

4. Many lesions present on plant that's are clearly observe. 

5. Lesions girdle stems, many leaves of plant show lesions. 

6. Tips die back, plant crumpling. 

7. Plant dying, but minimum three green leaves exist on plant. 

8. No green leave remain on the plant but still having green shoot, almost dead. 

9. And dead plant, practically no green parts were seen on the plant. 

The trial was done twice in the growth chamber. 
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2.12. Statistical analysis 

Data was statistically represented in the form of means and standard errors of triplicates. 

Statistix 8.1 was used to apply one-way ANOV A for the determination of significant 

differences at P<O.05. 
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Table 2.1: Experimental Treatments: 

Treatment 

Dl 

D2 

D3 

D4 

D5 

D6 

Kl 

K2 

K3 

K4 

variety 

Dasht 

AUG-424 

Punjab-2008 

Paidar 

Punjab-2000 

Bittle-l 6 

DG-92 

Noor-91 

k-14024 

K-01248 

.. -~ 

Materials and Methods 

\ 

" 
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Table 2.2: Gene-specific primers to amplify the defense-related genes in chickpea 

GenBank Defense Fonvard (5'-3') primer Reverse (3'-5') primer 

accession related genes 

number in chickpea 

X70660 chitinase GCTGCAGGAATTGCAGTGTA CAATGGCCAGCAAGGTTTAT 

AJ012691 Superoxide GATCCCTCTCACTGGACCAA TATCCCGGAGTTGAGAGTGG 

dismutase 

AJOO5950 b-Glucosidase ATGCGGATCTTTGTTTCCAC CTGTGCCAGAATTTCCACCT 

AJ012685 Actin GGCATCTCTCAGCACTTTCC CAGCTCTCAGTGCTCCATGA 
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Figure 2.1: Mini-dome techniques used for the inoculation of seedling. 
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3. RESULTS 

After the 21 days of sowing, biochemical, physiological, enzymatic and molecular analysis of 

healthy plants prior to disease inoculation was carried out (Figure 3.1 & 3.2). 

3.1. Biochemical parameter 

3.1.1. Protein content 

In the desi chickpea cultivars, all the susceptible plants (D2, D4 and DS) had low contents of 

protein as compared to moderate resistant and resistant varieties. The same trend was 

observed in kabuli chickpea. In kabuli, the K3 treatment plants have low concentration of 

protein, when compared with the other kabuli treatments. Overall result showed that the desi 

chickpea cultivars have the higher level of protein as compared to kabuli chickpea plants 

(Figure 3.3 A). 

3.1.2. Sugar Content 

In desi types the susceptible varieties (D2, D4, DS), higher concentration of total sugar was 

observed, as compared to resistant cultivars. Kabuli susceptible variety (K3) was also having 

higher content of sugar when compared to other (Figure 3.3 B). 

3.1.3. Proline Concentration 

The proline concentration varied in all susceptible and resistant varieties. Higher level of 

proline was recorded in D4 (in desi) and K2 (kabul i) plants. In desi cultivars D2 and kabuli 

cultivar K4, low concentration of proline was observed (Figure 3.3 C). 

3.1.4. Chlorophyll a, b and Carotenoid 

Before inoculation, overall results showed that in desi DS and D6 treatments, plants were 

having low concentration of chlorophyll pigment "a" and high contents were observed in D3. 

In kabuli, K2 treatment plants exhibited low concentration of chlorophyll a and higher 

concentration was seen in K4 treatment plants. Higher level of chlorophyll b recorded into 

the D3 in desi and K4 in kabuli treatment plants. Chlorophyll b was low in D2 (desi) and K2 

Exploring Gene Indicators to Describe Susceptibility of Chickpea to Ascochyta Blight 25 



Chapter # 3 Results 

(kabuli). In D3 (desi) and K3 (kabuli), high content of carotenoid were observed while these 

are low were recorded in D5 and K2 (Figure 3.3 D). 

3.1.5. Phenolic Content 

Before inoculation, highest phenolic content were observed in the Dl (desi) and low phenolic 

content were recorded in D2 (desi) treatments. When we compared Kabuli varieties, K2 

treatment plants showed the lowest concentration of phenol and highest were seen in K3 

(Figure 3.4 A). 

3.1.6. Amino Nitrogen Content 

Before inoculation, amino nitrogen concentration vary in all plants. In desi chickpea cultivar 

D6, the lowest concentration of amino nitrogen was observed. It was the highest in D 1 

treatment. In Kabuli, the highest amino nitrogen was observed in K3 and lowest was 

observed in Kl plants (Figure 3.4 B). 

3.1.7. Flavonoid Content 

It was seen that the susceptible varieties were containing higher levels of flavonoid than 

resistant and moderate resistant cultivars. In desi chickpea cultivar, highest flavonoid 

contents were observed in D2, D4 and D5 treatment plants. In kabuli type, the highest 

flavonoid contents were observed in K3 treatment plants while K2 plants were containing the 

lowest concentration of flavonoid (Figure 3.4 C). 

3.2. Enzymatic Assay 

3.2.1. POD Activity 

The susceptible varieties showed the lowest POD activity as compared to resistant and 

moderate resistant varieties. All susceptible desi lines (D2, D4, D5) showed lowest POD 

activity than the other cultivars. When we compared POD activity in Kabuli lines, the 

susceptible cultivar (K3) showed the lowest activity than others. Overall, the highest 

concentration of POD was seen in K3 and lowest were observed in D5 plants (Figure 3.4 D). 
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3.2.2. Catalase 

The catalase activity varied in all susceptible and resistant varieties. In desi, the D2 treatment 

plants showed high catalase activity and lowest were seen in DS treatment plants. In kabuli, 

the highest catalase activity was observed in K1 and lowest were seen in K4 plants (Figure 

3.S A). 

3.2.3. PAL Activity 

Desi lines D2, D4 and DS and Kabuli line K3 exhibited lowest PAL activity. It was noted that 

the susceptible varieties had the lowest PAL activity than resistant and moderate resistant 

lines (Figure 3.S B). 

3.3. Physiological Parameter 

3.3.1. Root and Shoot Length 

Root and shoot length varied in all plants (Figure 3.6). Higher shoot height was observed in 

D6 plants and lowest were observed in K1 and D2 plants. Root length did not vary 

significantly in all Kabuli culti.vars. In desi treatment D6, the highest root length and in DS, 

lowest root length was observed (Figure 3.S C). 

3.3.2. Fresh Weight of Roots and Shoots 

In desi lines D2, D4, DS and Kabuli line K3 , low fresh weight of shoot was observed. It was 

observed that the susceptible varieties had low weight of shoot than the susceptible ones. The 

root weight varied in all varieties. In desi line D3 and in Kabuli line K3, higher weight of root 

was observed (Figure 3.S D). 

3.4. Molecular investigation 

3.4.1. Expression Profiling of Chitinase gene by RT-PCR 

Variation in the expression level of chitinase was observed 1ll all the cultivars, when 

subjected to RT-PCR. Resistant and moderate resistant plants like D1 , K1, K2 and K4 were 

having a higher expression of Chitinase. In RT-PCR Actin was used as internal control. All 
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the susceptible and resistance cultivars showed the same expression level of Actin (Figure 

3.7). 

3.4.2. Expression Profiling of SOD gene by RT -PCR 

Higher expression pattern of SOD gene was seen in resistant cultivars. Expression of SOD 

was very low is highly infected line D4 (Figure 3.7). 

3.4.3. Expression Profiling of p-glucosidasegene by RT-PCR 

Expression of p-glucosidase gene could not be observed in any plant (Figure 3.7). 

3.5. Microscopic Identification of Ascochyta rabiei 

On PDA media, abundant growth of mycelium was observed. The mycelia on the edges were 

white in colour and in the center they appeared to be pinkish. Cottony colonies were observed 

(Figure 3.8). Microscopic studies revealed that presence of septate hyphae (Figure 3.9). 

3.6. Measurement of Disease Severity 

3.6.1 Disease Severity 

Disease severity in chickpea plants was assayed after 21 days of inoculation (Figure 3.10 & 

3.11). Desi lines D2, D4, D5 and Kabuli line K3 were observed to be highly susceptible. Desi 

lines D1, D3 and kabuli treatments K1 and K4 were found to be moderately susceptible. Desi 

line D6 and Kabuli cultivar K2 were found to be moderately resistant against Ascochyta 

blight. Overall, results showed that the desi types of chickpea plants were highly affected by 

Ascochyta, as compared to Kabuli type (Figure 3.12). 
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Figure 3.1. Plants seedling after 21 days of sowing. D1: Dasht, D2: AUG-424, D3: Punjab-
2008, D4: Paidar, D5: Punjab-2000, D6: Bittle-16. 
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Figure 3.2. Plants seedling after 21 days of sowing. K1: DG-92, K2: Noor-91 , K3: K-14024, 
K4: K-01248. 
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Figure 3.3: Estimation of Protein (A), Sugar (B), Proline (C), Chlorophyll a,b and 

Carotenoid (D) in Desi (D) and Kabuli (K) varieties of chickpea. Dl: Dasht, D2: AUG-424, 

D3: Ptmjab-2008, D4: Paidar, D5: Punjab-2000, D6: Bittle- l 6, Kl: DG-92, K2: Noor-91 , K3: 

K-14024, K4: K-01248. 
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Figure 3.4: Estimation of Phenol (A), Amino Nitrogen (B), Flavonoid (C) and POD (D) in 

Desi (D) and Kabuli (K) varieties of chickpea. D1: Dasht, D2: AUG-424, D3: Punjab-2008, 

D4: Paidar, D5: Punjab-2000, D6: Bittle-16, K1: DG-92, K2: Noor-91 , K3: K-14024, K4: K-

01248. 
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Figure 3.5: Estimation of Catalase (A), PAL (B), Shoot and Root Length (C), Fresh Weight 

of Shoot and Root CD) in Desi (D) and Kabuli (K) varieties of chickpea. D 1: Dasht, D2: 

AUG-424, D3: Punjab-2008, D4: Paidar, D5: Punjab-2000, D6: Bittle-16, Kl: DG-92, K2: 

Noor-91 , K3: K-14024, K4: K-01248. 
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I 

03 

Figure 3.6: Root and shoot length of plants in Desi CD) and Kabuli CK) varieties of chickpea. 
DI: Dasht, D2: AUG-424, D3: Punjab-2008, D4: Paidar, D5: Punjab-2000, D6: Bittle-16, 
KI: DG-92, K2: Noor-91, K3: K-14024, K4: K-OI248. 
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Figure 3.7: Expression profile of Chitinase, SOD and p-Glucosidase in Desi CD) and Kabuli 

CK) varieties of chickpea. D1: Dasht, D2: AUG-424, D3: PWljab-2008, D4: Paidar, K1: DG-

92, K2: Noor-91 , K3: K-14024, K4: K-01248. 

Length of amplified sequences: Chitinase = 230 bp, SOD = 212 bp, p-Glucosidase = 192 bp, 

Actin = 210 bp. 
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Figure 3.8: Growth of Ascochyta rabiei in Petri dishes at 25°C. 

Front view (A), Back view (B). 

100 

Figure. 3.9: Ascochyta rabiei under light microscope at lOX (A), 40X (B) and 100X (C) 

magnification. 

40x 
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~ . 

Figure 3.10: Disease severity after 3 weeks of foliar inoculation in Desi (D) varieties of 

chickpea. Dl: Dasht, D2: AUG-424, D3: Punjab-2008, D4: Paidar, D5: Punjab-2000, D6: 

Bittle-l 6. 
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Figure 3.11: Disease severity after 3 weeks of foliar inoculation in Kabuli (K) varieties. Kl: 

DG-92, K2: Noor-91 , K3: K-14024, K4: K-01248. 
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Figure 3.12: Measurement of disease severity in Desi (D) and Kabuli (K) varieties of 

chickpea. Dl: Dasht, D2: AUG-424, D3: Punjab-2008, D4: Paidar, D5: Punjab-2000, D6: 

Bittle-16, Kl: DG-92, K2: Noor-91, K3: K-14024, K4: K-01248. 
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4. DISCUSSION 

The experiment was conducted to examme the role of different biochemicals, 

physiological and genetic indicators to assess the susceptibility of chickpea varieties against 

Ascochyta blight. Chickpea varieties revealed diverse levels of resistance to Ascochyta 

blight. Resistance of chickpea against Ascochyta blight was detemlined by varied levels of 

physiological, biochemicals and genetic characters. In the recent study all the biochemical , 

physiological and genetic indicators were observed before the inoculation to describe the 

resistance and susceptible behavior of cultivars, in a better way. 

In present investigation the higher protein contents were observed in all the resistant 

and moderately resistant cultivars and all the susceptible cultivars having the lower 

concentration of total protein. In the desi type, D2, D4 and D5 varieties were having lower 

protein content. The kabuli line (K3) showed low concentration of protein. Our results are in 

conformity with those obtained by Pradeepkumar (2005) where resistant barley cultivar 

accumulated more soluble protein than susceptible ones. Kalappanavar and Hiremath (2000) 

also investigated numerous foliar diseases resistant sorghum genotypes having the higher 

concentration of protein, related to those of susceptible cultivars. Malhotra et al. , (2009) 

noted that there was significant higher protein content in resistant tomato cultivars, although 

it reduced expressively in susceptible genotypes when treated to Fusarium wilt. 

The infection by pathogens may bring changes in the photosynthesis and respiratory 

pathway which are the procedure that takes place within the plant (Jaypal and Mahadevan. 

1968). The disease response was linked with the sugar level in different plant crops. Usually, 

the high content of non-reducing sugars, total sugars, reducing sugars in the host plants are 

specified to be accountable for disease resistance. In the present study it was investigated that 

the susceptible cultivars have the high level of total sugar than the resistant and moderately 

resistant lines, the result are in the agreement with Phukan (1993) who investigated that there 

was a reduction in the starch and total sugar in the potato after treatment by Phytophthora 

infestans (Mount.). Higher level of sugar was fOlmd in the leaves of susceptible lines as 

related to resistant cultivars. 

Bhat Tanmai (1997) also studied that there was higher levels of total sugars with 

increased severity of late leaf spot of groundnut. She described that the amount of increased 
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sugar was higher in susceptible line as compared to resistant. Likewise, Reeti Singh et ai., 

(1998) also investigated that there was increased level of reducing and total soluble sugar in 

rust susceptible plant of safflower as related to resistant. Sindhan et ai., (1999) stated that 

there was higher level of reducing, non-reducing and total sugar in the uninoculated leaves of 

the mungbean, vulnerable to Cercospora leaf spot than the susceptible varieties. Chakrabarthy 

et ai. , (2002) also described that the healthy leaves of the higher vulnerable cotton contained 

significantly higher concentration of total sugar as compared to resistant. 

Proline contents in the organelles and cytosol is important to maintain the osmotic and 

turgor pressure. Recent study showed that the Proline contents vary in all the treatments. Our 

results are in the agreement that the investigation of proline did not help to differentiate the 

susceptible and resistant cultivars. May be the proline accumulation may also be changed 

with the concentration of K+ and other solutes (Ellis et al., 2007). On the opposite,few 

findings show that Proline contents in plants playa expressively stress response against the 

disease attacks (Arie et al., 2007; Grote et ai. , 2006; Claussen, 2005; Fabro et ai. , 2004) 

noted that proline is stored in the leaf of tomato inoculated with P. syringae pv. but it does 

not changed in leaves treated with isogenic virulent bacteria. For the accumulation of proline 

in plant, a specific stress level is required (Claussen, 2005). 

Recent study showed that chlorophyll pigments varied 111 all the susceptible and 

resistant lines. There were no clues found that prior to inoculation, chlorophyll pigments play 

a significant role to describe the susceptible and resistant nature of plant against the biotic 

stress. Might be after inoculation, the chlorophyll pigments play a significant role in plant 

defense. As the previous studied showed that the resistant cultivars show higher level of 

chlorophyll pigments than the susceptible ones as the biochemical parameters play a 

significant role in defense mechanism of plants against the biotic stresses (Charitha and 

Reddy 2001; Rajasekaran and Nagarajan 2005). In the salt stress there were decreases in 

photosynthesis pigment in pepper (Chookhampaeng 2011). Other studied showed that the 

increased level of chlorophyll content are might be due to the increase in photosynthesis,rate 

of transpiration, stomatal conductance and increased plant growth (Rajasekaran et al., 2006; 

Sampathkumar and Ganeshkumar 2003). 

Before inoculation the total phenolic contents varied in all the treatments. Prior to the 

inoculation, no important role of phenol has been observed in all resistant and susceptible 

cultivars. In desi type D2, which was the susceptible according to our study, exhibited lowest 
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value of total phenolic contents and the higher contents of these compounds were observed in 

D 1 plant, which is the moderately susceptible. When we observed Kabuli types, the lowest 

phenolic contents were seen in the K2 treatments plant, which was resistant according to our 

study and the highest value were observed into the K3 treatments plants and they were 

susceptible according to recent study. The results of the present study are in agreement with 

those obtained by Davis et al., (1955), Seevers et aZ., (1971), Daly et aZ. (1971) and Rammah 

and EI-Hayatmy (1983) who recommended that there were no connection between the 

increase in the phenolic compounds and the host resistance. On the contrary, the findings of 

Gupta (1981), Sindhan and Parashar (1981), Rathi (1984), Kalia and Sharma (1988), Chander 

(1989) in powdery mildew of pea and Bhargava and Khare (1988), Singh et aZ. (2003) on 

chickpea against Ascochyta blight showed that the resistant cultivars having higher level of 

phenol as compared to susceptible. 

The concentration of amino nitrogen may vary in all the resistant and susceptible 

cultivars of chickpea. Amino nitrogen might not play significant role for describing the 

susceptible and resistant nature of cultivars toward the biotic stress. The leaves of plant are 

the major site for the utilization of nitrates. The nitrates that are absorbed by plants are 

reduced to nitrites and then ammonia. Finally, they are converted to amino nitrogen and 

proteins. Rajeswari (2014) observed that the control plant of chickpea had higher content of 

amino nitrogen than the treated withfusarium oxysporum. 

In the recent investigation, it was observed that the susceptible cultivars of desi (D2, 

D4, D5) and kabuli (K3) had higher level of flavonoid, as compared to resistant ones. In 

contrast, in the previous studied, it was observed that the resistant varieties have higher level 

of flavonoid than the susceptible cultivars. Proanthocyanidin oligomers precisely prevent 

fungal enzymes such as stillbene oxidase and protein kinase (polya and Foo 1994; Goetz et 

aZ. , 1999). Flavan-3-01s, such as epicatechin, oligomeric proanthocyanidins and catechin 

have antifungal and inhibitory properties against B. cinerea (Hebert et al., 2002; Goetz et aZ. , 

1999) and other fungi (Veluri et al., 2004; Colmenares et aZ. , 1998). Flavanol concentration 

was high in resistant lines as compare to susceptible. Murthy and Bagyaraj (1980) and 

Mahadevan and Sridhar (1986) but Khirbat (1992), could not detect any alteration between 

resistant and susceptible cultivars for flavanol concentration. 

Prior to inoculation, the POD enzyme activity were low in all the susceptible cultivars 

of desi and kabuli lines (D2, D4, D5, K3). It might be due to the reason that the POD 
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enzyme may be involved in host-pathogen resistance mechanisms. Previous studied also 

supported that in the resistant cultivar, the POD activity highly increased after 72-216 hpi and 

also increased in susceptible after the 9 days of post inoculation. The POD is considered to be 

involved to yield lignin (Vance et a/1980: Oliveira et aI1997). Therefore this compounds act 

as barriers against plant pathogens and participate in host resistance mechanism (Okay et al., 

1997). The POD activity was considered as an indicator for resistance in plant cultivars 

against pathogens (Malolepsza and Vrbanek, 1994: Shimoni et al. , 1996: Barcelo et al., 1996: 

Krstic et aI. , 1997: Martinez et aI., 1998: Rothe et al. , 1988). 

Present study showed that there was no relation of catalase activity and the host 

resistance. Catalase content was varied in all susceptible and resistant chickpea cultivars. Our 

result did not meet with the study of Vir and Grewal (1975). They observed that catalase 

activity expressively increased in the resistant chickpea varieties and other plant-pathogens 

combination (Barna, 1995: Niebel et aI., 1995: Chamnongpol et aI. , 1996: Piqueras et al., 

1996). It was also considered that the catalase may involve in the defense mechanism of 

chickpea against the A. rabiei by detoxifying the toxic oxygen (Foyer et al., 1994) and it was 

highly increased after inoculation in resistant cultivars and 144-216 hpi in susceptible 

cultivars. 

In the present investigation, prior to inoculation in the desi type, the lowest PAL 

activity was observed in D2 and D5 treatments plant, which are the susceptible cultivars 

against the blight and the highest PAL was observed in the moderately resistant and resistant 

lines. When we examined Kabuli types, susceptible line K3 also showed low PAL activity. 

Previous studies also described that the PAL activity was higher in resistant cultivars of many 

plant (Chakraborty et al., 1993; Awan et aI., 1997; Koike and Nanbu 1997; Okay et aI. , 1997; 

GlaBgen et al. , 1998; Peltonen et al., 1998). Higher level of PAL activity was considered as a 

marker for resistance in plant cultivars to pathogens (Fritzemeier et al. , 1987: Lawton and 

Lamb, 1987: lahnen and Halbrock, 1988: Maher et aI., 1994: Zhang et al., 1997). 

Present study investigated that the physiological parameters could also be used as 

indicator to describe the susceptibility of plant against the biotic stress. It was noted that the 

root and shoot length are vary in all the susceptible and resistant line. No correlation was 

found in the physiological parameters of the susceptible and resistant cultivars. However, 

fresh weight of plant shoot plays a significant role to describe the susceptibility of plant. Our 

result showed that all the susceptible varieties were having the low fresh weight of shoot as 
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compared to resistance ones. According to Abdalall. (2010) the pathogen f-ungi significantly 

reduces dry root, root length, and shoot length, shoot weight and yield in wheat and Barley. 

The preliminary studied were conducted on 10 varieties (six desi and four kabuli) of 

chickpea. But the expressions of different genes were checked of eight varieties (four desi 

and four kabuli). The expression level of D5 and D6 were not checked. The reason behind 

this is that the biochemical investigation and disease severity indicated that D5 is mostly 

behave as like D2 and D6 resembles with K2 and D 1. 

The expression pattern of different genes may be used as an indicator to describe 

susceptibility and resistance of a plant against disease. Molecular investigation by RT-PCR 

results showed that resistant plants like D1 , K1, K2 and K4 were having a higher expression 

of both Chitinase and SOD genes. Expression of Chitinase gene was more descriptive as all 

the resistant lines were having higher expression of Chitinase. Our investigation are also in 

agreement ofNehra et aI. , 1994; Cho and Muehlbauer, (2004) who described that mm1erous 

pathogenesis-related proteins are involved in chickpea resistance against Ascochyta blight, 

chitinase and fl-I,3-glucanase (Hanselle and Barz, 2001). Chitinase gene can be used to 

improved fungal resistance in plant such as tea, tobacco, rice and clover (Kirubakaran and 

Sakthivel. 2007). Generally, gene expression and enzymatic activity of chitinase may be 

stimulated by pathogens attacks (Ferreira et at. , 2007). Overexpression of chitinase in many 

species of transgenic plants showed resistance to fungus pathogens and delayed disease signs 

in plants (Jach et aI., 1995; Lorito, 1998; Hong and Hwang, 2006). 

Expression of SOD was very low is highly infected line D4. Expression of ~

glucosidase gene could not be observed in any plant which is might be due to reason that p
glucosidase is typically involved in HR and SAR and it is expressed after infection. Our 

results are in agreement with Cho and Muehlbauer, 2004 reported that anti-oxidant stress 

related genes such as glutathione reductase (GR), ascorbate peroxidase and SOD did not 

show the higher expression. The production of SOD was known after Ascochyta rabiei 

inoculation in chickpea but no difference in expression was observed in two cultivars. While, 

blight resistance was apparently provided by hypersensitive responses (Otte et aI., 2001). No , 
direct sign was observed to support the suggestion of HR-initiated blight resistance in 

chickpea. 

Expression of ~-glucosidase gene could not be observed in any plant which is might 

be due to reason that ~-glucosidase is typically involved in HR and SAR and it is expressed 
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after infection. Cho and Muehlbauer 2004 also reported that expression of p-glucosidase gene 

could not be noted in control plants. The expression of this gene started after 24 hours of post 

inoculation and its expression was maximum after 72 hpi in chickpea when treated with A. 

rabiei and F. oxysporum. Putative glucosytransferase and p-glucosidase are apparently 

involved in the metabolism of conjugated complexes of glucoside which further produce 

aglycons (anti-microbial agent), were down and up regulated, respectively, after inoculation. 

(Park et al. , 1995 and Mackenbrock and Barz, 1991). 

4.1. CONCLUSION 

~ Different chickpea varieties showed different levels of resistance against A. rabiei. 

The present studies were done to understand the biochemical and genetic basis of 

resistance in chickpea in contradiction of Ascochyta blight. 

~ It was concluded that prior to inoculation, protein, sugar, flavonoid, POD, PAL and 

fresh weight of shoot are the factors on which the susceptibility and resistant 

behaviors of varieties could be observed. 

~ Whereas chlorophyll pigments, phenol, amino nitrogen, catalase, root/ shoot length 

don't give any clue on which we could describe the resistance and susceptibility of 

plants. 

~ The molecular investigation showed that the expression of both Chitinase and SOD 

genes was higher in resistant plants but the expression of Chitinase was extremely 

high and more conclusive in resistant lines like D1, K2, and K4 which depicts the role 

of this gene in defense mechanism of chickpea. 

~ Higher expression of Chitinase gene is probably the reason of disease resistance. p

glucosidase gene probably plays no role before inoculation. 

~ This study concludess that defense related genes (chitinase and SOD) are important in 

defense mechanism of chickpea and these could be cloned and transfom1ed into 

chickpea to create resistance against Ascochyta blight. 
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