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Introdut!tion 



Tea [Camellia sinensis (L.) 0. Kuntze] is a cash crop and occupies an 

important position among agro-products exported from India. Among the plantation 

crops tea is also important in view of its worldwide popularity as beverage. Tea 

originated in China in the 2ih century BC (Yamanishi, 1991 ). Although globally about 

fifty countries are growing tea, but about a dozen can be regarded as the major 

producers. The countries substantially contributing to global production include India, 

China, Sri Lanka, Kenya, Russia, Japan, Argentina and Uganda. Tea plant requires 

moderately humid climate, high land, well-drained soil having acidic pH in the range 

4.5 to 5.5 and more than 2% _~organic matter and long sunshine hours. Presently, 

they are grown from Georgia 43°N latitude to Nelson (south Island) in New Zealand 

42°S latitude and from sea level to 2300m above mean sea level. Tea, cultivated 

near the equator produces almost the same yield every month, but further from 

equator, harvest in winter gradually declines and at latitude beyond about 160, there 

is complete winter dormancy, the length of dormant period increases progressively 

with increasing distance from equator (Barua, 1989). The tea leaves containing 

polyphenol, epigallocatechin gallate and an enzyme polyphenol oxidase are 

considered to be powerful antioxidant (Weisberger, 1999; Edwin et a!., 2002). 

Regular intake of tea may reduce the risk of cancer and coronary heart diseases 

(Edwin eta!., 2002). 

Tea plants are cultivated in three distinct zones in India viz. 'Western India', 

'South India' and 'Himachal Pradesh Uttaranchal' (Fig.1). Tea plants are exposed to 

a number of pathogens, mostly fungi that cause diseases in tea. Among the fungal 

diseases, the important diseases are blister blight, gray blight, brown blight, black rot 

and diplodia disease caused by Exobasidium vexans, Pestalotiopsis theae, 

Col/etotrichum camelliae, Corticium invisum and Lasiodip!odia theobromae (Pat.) 

Griffon & Mauble (=Botryodiplodia theobromae Pat.) respectively. Diplodia disease is 

one of the common diseases of tea in sub-Himalayan West Bengal. The symptoms 
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appear as dark brown necrotic spots. The fungus forms dark-coloured, two celled 

conidia for its propagation. The pathogen, Lasiodiplodia theobromae can attack the 

tea plant, young or old at any parts (Sarmah, 1960). Lasiodiplodia theobromae is a 

homothallic ascomycete and produce dormant conidia that have aerobic respiratory 

system containing cytochrome-a, heme-a, and cytochrome-c oxidase activity in the 

mitochondria (Brambl eta/., 1978). 

Higher plants have the ability to initiate various defense reactions such as the 

production of phytoalexines, antimicrobial proteins, reactive oxygen species etc. 

when they are infected by pathogens. These reactions do not allow the infection to 

proceed, if the reactions occur in a timely manner. However, if the defense reaction 

occur too late or are suppressed, the infection process will proceed successfully 

(Somssich and Hahlbrock, 1998). Hence, it is important for plants to detect infecting 

pathogens effectively and deliver such information intracellularly or intercellularly to 

activate their defense machinary (Shibuya and Minami, 2001). Management of 

disease is possible by inducing plant defense response by exogenous application of 

certain biotic and abiotic inducers, and phyto-extracts in order to provide protection 

against pathogens. Extensive research work has been performed for the 

establishment of systemic acquired resistance (SAR) by the application of a variety 

of biotic and abiotic inducers, and phyto-extracts (Rasmussen eta/., 1991; Cohen et 

a/., 1993; Kessmann eta/. 1994a,b; Maurhofer et a/., 1994; O'Donnell et a/., 1996; 

Ryals et a/., 1996; Kaku et a/., 1997; Smith-Beaker et a/. 1998; Siegrist et a/. 2000; 

Klessig et a/. 2000; Meena et a/. 2001; Higa et a/. 2001; Kaur and Kolte 2001; Paul 

and Sharma, 2002; Ghosh and Purkayastha, 2003). Plant growth promoting 

rhizobacteria (PGPR) can suppress the disease caused by foliar pathogen by 

triggering plant-mediated resistance mechanism called induced systemic resistance, 

so called ISR (Dube, 2001 ). Systemic resistance induced by rhizobacteria differs 

mechanically from SAR, it is designated by a separate term ISR proposed by 

Kloepper eta/., 1992. 

Many plant enzymes are involved in defense reactions against plant 

pathogens. These includes oxidative enzymes such as phenylalanine ammonia

lyase (PAL) and polyphenol oxodase (PPO), which catalyse the formation of lignin 
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and other oxidative phenols that contribute to the formation of defense barriers for 

the pathogen to the plant cell structure (Avdiushko et at., 1993). 

Phenylalanine ammonialyase (PAL) frequently increase in plants responding 

to pathogen invasion. It is generally assumed that the resulting increased activity in 

the phenylpropanoid pathway lead to the synthesis of defense-related compounds 

such as lignin and flavonoid phytoalexin as well as the signalling molecule, salicylic 

acid (Heath, 2002). 

Among PR-proteins, two plant hydrolases, 13-1 ,3-glucanase and chitinase are 

given special importance by the workers because many pathogenic fungi contain 13-

1 ,3-glucans and chitin as major structural cell wall components (Wessels and 

Sietsma, 1981). Several authors (Mauch et at., 1988; Arlorio et at., 1992; Bishop et 

a/., 2000) have demonstrated the activity of 13-1 ,3-glucanase and chitinase to 

degrade fungal wall components in vitro, resulting in growth inhibition of fungi. 

Peroxidase activity is changed under various environmental stresses such as 

heavy metals, salts, temperature (Kiwan and Lee, 2003) and air pollution (Lee et at., 

2000). Peroxidase is related with the defense reaction in plants, lead to the 

detoxification of the reactive oxygen species (Higa eta/., 2001 ). 

The reduction of inoculum density or disease producing activity of a pathogen 

or parasite in its active or dormant state, by one or more organisms, accomplished 

naturally or through manipulation of environment, host or antagonist, or by mass 

introduction of one or more antagonists (Prasad and Rangeswaran, 1999). A lot of 

work has been done on potential antagonists against different pathogens (Biswas, 

1999; Mukhopadhyay eta/., 2001; D'souza et at., 2001; Boff eta/., 2002; Helbig, 

2002). It is known that out of 2,50,000 higher plant species which are believed to 

exist on earth, only relatively few have been thoroughly studied for their therapeutic 

potential (Deans and Svoboda, 1990). Plant products comprise a rich storehouse of 

biochemicals that could be tapped for use as pesticides. The total number of plant 

chemicals exceeds 4,00,000 are secondary metabolites whose major role in the 

plants is defensive (Narasimhan and Masilamani, 2002). Now efforts have been 

made to evolve eco-friendly strategy for disease management. In this regard, a new 

strategy of chemically mediated disease management based on chemicals which 

activate the plant's own defense system, in addition to antagonistic microorganisms 
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and botanicals for direct control of diseases have been shown by Kaur and Kolte, 

2001; Sharma eta/., 2001; Paul and Sharma, 2002. 

A pathogen and its host share antigens, which play an important role in the 

determination of compatible interaction. The absence of the common antigens leads 

to incompatible interaction. Even within the compatible interactions the degree of 

compatibility might be determined by the sharing of the common antigens (Dasgupta 

et a/., 2005). 

At the onset of the present study it was considered to determine 

pathogenicity of L. theobromae in different elite seed varieties of tea commonly 

cultivated in north east India (Fig. 2 & Plate I) following conventional and serological 

techniques. Although several inducer chemicals, antagonistic microorganisms and 

botanicals are known from different plants through literature but little information is 

available for controlling the diplodia disease in tea caused by Lasiodiplodia 

theobromae. Hence, in the present study environment-friendly strategies have been 

taken into consideration for control of diplodia disease in tea. Therefore, the basic 

objectives of this study are: 

• To determine the pathogenicity of Lasiodiplodia theobromae in tea varieties. 

• Studies on physiological characteristics of the fungus. 

• Induction of defense-related enzymes by biotic and abiotic inducers, and 

phyto-extracts. 

• Control of the disease using biocontrol agents, botanicals and abiotic 

inducers. 
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Tea plantations. 

fig. a: Tea garden at Kurseong , Darjeeling , West Bengal. 

fig. b: Tea garden at Mirik, Darjeeling , West Bengal. 

fig. c: Taipoo Tea Estate, Kharibari , Siliguri , West Bengal. 
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Plants are exposed to a variety of pathogens but they protect themselves 

from invasion by pathogens using various defense mechanisms. The defense 

mechanisms include defense barriers (such as cuticle, cell wall, deposition of 

lignin, callose, phenolic compounds), formation of papillae, synthesis of 

pathogenesis related proteins (Aist, 1976; Benhamou et a/., 1990). Plant 

responses to fungal attack lead to resistance or susceptibility following interaction 

between plant and the pathogen. Any agriculture programme needs fresh healthy 

seedlings for healthy plants. Seedlings in the seedbeds face several disease 

problems. Healthy seedlings again When planted to remote areas from its natural 

habitat become susceptible to many fungi and other disease causing organisms. 

Pathogenesis and disease resistance are closely related to each other. 

Pathogenesis is related to compatible interactions while resistance is related to 

incompatible ones. 

At the onset of the present study it was considered to review the reports 

presented by the earlier workers. The observation of the previous workers in 

concord with the present line of investigation is being presented, in a selective 

manner, in the following paragraphs. For convenience, the observations have 

been grouped in to some aspects. The different aspects of this review are: 

• Diseases of tea 

• Growth and physiology of the pathogen 

• Pathogenicity and serology 

• Induction of systemic resistance (systemic acquired resistance & induced 

systemic resistance) 

Diseases 

The fungus, Botryodip/odia theobromae is presently known as 

Lasioodiplodia theobromae (Pat.) Griffon & Mauble. Lasiodiplodia theobromae, 

the causal agent of diplodia disease of tea is one of the most common fungal 

pathogen of tea in north-east India. The pathogen can attack any part of tea 

plant, young or mature. Severe attacks are experienced when the tea plants are 

debilitated by other causes. The symptoms are of different types, which appear 
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hairy cushions, given a shooty appearance on leaves and collar regions. The 

colour of the symptoms varies from grayish-black to coal-black. The infection is 

believed to expand from infected tea plants to healthy plants by conidia, which 

are dispersed by air. All woody parts, dying roots and twigs show Lasiodiplodia 

theobromae infection. 

Sarmah (1960) suggested for the improvement of general health of tea 

plants by subsoil irrigation, manorial and cultural practices for protecting the 

plants from diplodia root disease. Venkata Ram (1960) observed the 

predisposing factors like low starch reserves, high soil temperature and low soil 

moisture were essential as a requisite for fungal invasion to cause diplodia 

disease. Chandramauli (1988) reported that diplodia root disease is a secondary 

root disease of tea and caused by Lasiodiplodia theobromae. He also reported 

that the disease was very common in north-east India. 

Tea rhizosphere/plane harbours diverse population of microorganisms 

and their mode of nutrition are also different like saprophytic on dead tea plants, 

symbiotic (mycorhizal association) on root of tea plants and parasitic to tea 

plants. The parasitic microorganisms cause disease on tea. In 1964, 

Agnihothrudu reported 385 species of fungal pathogens on tea plants. In 1989, 

Chen and Chen revised the situation and listed 507 fungi as fungal pathogens. In 

the same year (1989) Barua reported 190 fungal pathogens from north-east 

India. However, in the following paragraphs the works on some of the major 

diseases of tea are being presented. 

Other than Botryodip/odia, several other diseases were reported to affect 

the tea plants throughout the world. Saha et at. (1980) observed that red rust of 

tea caused by Cephaleuros parasiticus Karst was the most important and lone 

algal disease of tea. Arpon and Supachi (1980) reported that blister blight of tea 

caused by Exobasidium vexans Massee. It was the most serious disease in many 

tea plantations on the mountains. Smit and Knox-Devies (1989) reported about 

crown and root rot disease caused by Macrophomina phaseolina (MP) and 

Neocosmospora vesinfecta (NV) which occurred in rooibos tea throughout the 

main production areas. Tissue infected by MP was gray with numerous black 

sclerotia when broken, open and the branches were characteristically twisted. 

Tissue infected by NV was typically maroon to black with superficial orange to red 

perithecia. Disease developed on plants inoculated during winter. Number of 
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propagules recovered from the soil varied greatly from field to field with the height 

levels being 32 viable MP sclerotia and 315 visible ascospores per gram of soil. 

Wang et a/. (1990) studied diseases of tea in 6 zones of Zheijiang 

province of Peoples Republic of China from 1985 to 1988. Symptoms and biology 

of pathogens of 20 diseases were described. Among them, 5 of the 20 diseases 

caused by Colletotrichum camelliae, Monochaetia camel/iae, Pastolotia guepini, 

Phyl/osticta theico/a and Fusarium ventricosum were distributed more widely and 

cause more severe damages and those caused by Pestalotia a/geriensis. 

Barthakur (1994) reported that root diseases caused by Ustulina zonata, 

Fornes /amaoensis, Rosellina arcnata and Armillaria me/lea and stem diseases 

caused by Tunstallia aculeate and Poria hypobrunnea were also common in 

Darjeeling tea-gardens but they were difficult to control. He also reported that 

among the common diseases of tea in the hills of Darjeeling, blister blight caused 

by Exobasidium vexans was the most serious. 

Park (1995) observed that in May and June, 1992-94 tea plants with white 

scab symptoms, i.e. numerous small, circular, reddish or yellowish brown spots 

on young tea leaves was observed in a plantation in Boseung, Chonnum 

Province, Korea Republic. At the late growth stages the center of the spot 

became light gray. The causal agent was identified as Sphace/oma theae. Similar 

symptoms occurred on leaves 5-6 days after inoculation with S.theae. Park eta/. 

(1996) reported the occurrence of gray blight of tea in several tea plantations in 

Boseung, Chonnam Province, Korea Republic, during 1992-94 after harvesting 

and pruning of the second crop. Circular to irregularly shaped dark brown spots 

developed in concentric rings on leaves and black, dot-like acervuli formed 

randomly on them. The causal fungus of gray blight was identified as 

Pestalotiopsis longiseta. Typical symptoms by P. longiseta appeared 11 days 

after inoculation. 

During 1991-1993, Khodaparast and Hedjaroude (1996) surveyed several 

tea plantations in the north of Iran in order to determine the main fungal diseases 

of tea. The result of the survey and pathogenicity tests showed that Botrytis sp., 

Glomerella cingulata, Fusarium so/ani, Botryodiplodia theobromae, Pestalotiopsis 

longiseta, P. nattrassii, P. theae, Phyl/osticta theacearum and Corticium rolfsii 

were pathogens of tea. Among the 12 tea growing districts of Kenya, Armillaria 

root rot disease was most severe in the district east of rift valley. Investigations 

showed that infection of tea bushes were primarily by the mycelial growth from 
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residual tree roots and from infected tea roots rather than from rhizomorphs. 

Inoculum from residual tree in debris in the soil was the most important source of 

infection in plantations of seed origin (Onsando eta/., 1997). 

In 1999, Chandramouli gave a brief account on abiotic and biotic 

problems in the nurseries in India, and suggested several remedial measures 

against the diseases like stalk rot caused by Pestalotia theae, brown blight by 

Co/letotrichum came/liae, root rot caused by Pythium spp. I Cylindroc/adium spp. 

or by Fusarium spp., blister blight caused by Exobasidium vexans and leaf spot 

caused by Cercospore/la theae. Hu-shuXia (1996) found two highly resistant 

cultivars to Pestalotiopsis theae among the 18 cultivars tested in Anhui Province 

of People Republic of China. The superiority of Fushan variety of green tea over 

Yabukita (green tea) based on productivity, disease and pest resistance have 

been reported by Yamaguchi eta/. (1992). 

Lasiodiplodia theobromae has also been reported to attack a number of 

other plants like Eucalyptus, Chashew etc. The survey of diseases of Eucalyptus 

plantations (mostly E. grandis) were performed in southern Uganda during June, 

1999. Roux et a/. (2001) collected root, stem and leaf samples from the trees 

ranging in age from a few months to approximately 10 years. The most 

commonly isolated pathogen was Lasiodip/odia theobromae, which was 

frequently associated with stem cankers and die back. Bacterial wilt caused by 

Ralstonia solanacearum, was the most common cause of death of trees less than 

two years old in the warmer areas around Kampala. In the eastern part of 

Uganda, the wilt pathogens Ceratocystis fimbriata was isolated from dying 

Eucalyptus grandis and, together with Lasiodiplodia theobromae, was considered 

the greatest threat to Eucalyptus plantations in Uganda. 

From the feeding injury caused by He/ope/tis antonii Sign a fungus viz. 

Botryodip/odia theobromae was also isolated consistently from the dead tissues 

of cashew. The primary cause for entry and establishment of the pathogen 

seemed to be infestation of the insects. Controlled experiment revealed that die 

back occurred only when the fungus was inoculated in the lesion caused by 

feeding of H. antonii Sign (Verma and Balasundaran, 1990). 

In addition, Pavlic et a/. (2004) reported different synonyms of 

Lasiodiplodia theobromae and their host range including the country from where 

the report originated (Table 1 ). 
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Table 1: Host range of Lasiodiplodia theobromae. 

Synonyms of L. theobromae Host range Origin 

Lasiodiplodia theobromae Camellia sinensis India 

Botryodiplodia theobromae Pat. Mangifera indica L. India 

B. theobromae Pat. Papaya sp. Brazil, Maxico 

B. theobromae Pat. Malus sylvestris USA 

Diplodia gossypina Cooke Gossypium sp. India 

B. theobromae Pat. Theobroma cacao Ecuador 

Macrophoma vestita Prill. & Delacr. Theobroma cacao Equatorial America 

L. tubericola Ellis. & Everh. Ipomoea batatas Java 

Diplodia cacaoicola P.Henn Theobroma cacao Kamerun 

B. gossypii Ellis. & Barthol. Gossypium herbaceum U.S.A. 

L. nigra K. R. Appel & Laubert Carica papaya Samoa 

Ltheobromae(Pat.)Griffon & Mauble Theobroma cacao Equatorial America 

Diplodia rapax Massee Hevea brasiliensis Singapore, Ghana 

Diplodia natalensis Pole-Evans. Citrus sp. South Africa 

L. triflorae B.B. Higgins. Prunussp. U.S.A. 

Diplodia maniothi Sacc. Manihot uti/issima 

Diplodia musae Died. Musa sapientium 

Diplodia ananassae Sacc. Ananas sativus Philippines 

Diplodia theobromae (Pat.)W.Nowell Theobroma cacao 

Growth and physiology of the pathogen 

The understanding of the pathogen and their activities are of increasing 

importance in various economic fields like agriculture and industries. A thorough 

understanding of the physiological processes of pathogens is also of immense 
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use in understanding the host-parasite relationship and mechanism of 

pathogenicity. Physiological studies are also helpful in determining various 

control measures. 

Brambl et a/. (1978) reported that germination of dormant conidia of the 

fungus B. theobromae could be inhibited by the antilipogenic antibiotic cerulenin. 

The spore remained viable in the presence of the antibiotics, however, after 

prolonged incubation they were able to overcome the inhibition. Cerulenin 

inhibition of germination was reversed by Tween 40 and Tween 60 (derivatives of 

palmitate and stearate) respectively. They also reported that the lipid synthesis is 

essential for B. theobromae spore germination and required for membrane 

assembly. 

The effect of some environmental factors on germination of Bipo/aris 

carbonum Nelson, a pathogen of tea was described by Saha and Chakraborty 

(1990). Under identical humid condition, the optimal concentration of spores, 

temperature and pH for spore germination were recorded to be 11.2 x 105 

spores/ml"1 at 32°C for pH 6.75 respectively. Temperature pretreatment at 50°C 

for 20 minutes significantly reduced spore germination, whereas pretreatment at 

0°C for even 12 hours had no effect on spore germination and germ tube 

elongation. Light condition and age of the conidia did not affect the spore 

germination. 

Meah et a/. (1991) studied the formation of pigment and pycnidia of B. 

theobromae isolated from mango stem-end rot on five different media. They 

observed that the highest number of complex pycnidia was formed on mango leaf 

extract agar followed by PDA and found pink coloured pigment. 

In 1995, Chakraborty eta/. showed that factors associated with conidial 

germination and appressoria formation of Glomerella cingulata causing the brown 

blight disease of tea were studied in vitro. Spore germination and appressoria 

formation were optimum at a temperature of 25°C, pH 5.0, at 7 hours light /day 

regime and a 24 hours incubation period. At a concentration of conidia of 1200/10 

days old culture, G. cingulata exhibited a maximum germination and appressoria 

formation. Maximum production of lesions was also evident on detached tea 

leaves at this spore concentration and in diffuse light. Diffusates of phenolic 

nature collected from tea varieties susceptible and resistant to G. cingulata 

inhibited spore germination and appressoria formation. Diffusates from resistant 

varieties were more fungitoxic than from susceptible varieties. 
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Ho and Ko (1997) reported that B. theobromae produce conidia when 

they were grown on 10% V-agar (10% V-8 juice, 0.02% CaC03 and 2% Bacto 

agar) at 24° C for 2 weeks under light. Fatty acid and their solvent (ethanol) had 

no adverse effect upon spore germination. 

The mycelial growth of three isolates of Stenocarpe/la maydis from maize 

seed increased progressively from 15°C to a maximum of 30°C. The maximum 

numbers of conidia were produced by all three isolates after 8 days of incubation 

at temperatures ranging from 22°C to 30°C (Achar, 2000). 

Harden eta/. (2002) reported that the effect of temperature and pH on the 

growth and sporangia! sporulation of isolates from each of the four known races 

of Phytophthora clandestine Taylor, Pascoe & Greenhalgh were investigated. 

Mycelial growth occurred at temperatures from 1 0°C to 30°C and pH 3.5 to 9.0 

with highest growth rates of all isolates being at 25°C with a pH of 6.0 to 6.5. 

Sporangia! production was greatest between 20°C to 25°C and pH 5.0 to 7.0 with 

all races. However, sporulation occurred over no consistent differences between 

the four pathogenic races of P. c/andestina in their relative growth rate extent of 

sporangia! production over a range of temperatures and pH values. 

Miller et a/. (2003) studied conidial germination in vitro and foliar 

expansion by Sphaerotheca macu/aris f.sp fragariae. Detached strawberry 

(Fragaria x ananassa) leaves were inoculated, then held in controlled 

environments of constant temperature (4°C to 36°C) and relative humidity (RH, 

32 to 100%) representing the range of these variables observed under California 

commercial production conditions. Percent germination and lesion expansion rate 

were determined by destructive sub sampling over time. Conidia germinated at all 

temperatures by 6 hours and reached a maximum by 48 hours, with the optimum 

near 20°C. Lesions were marked with the aid of a microscope and measured by 

computer-assisted image-analysis to determine expansion rate. Maximum rates 

occurred at 25°C. Several growth models were fit to the expansion rate data with 

high significance. Predicted optima from these models ranged from 22°C to 27°C 

and/or 17 to 27mm Hg VP (water@ 100% RH). Neither RH, partial vapour 

pressure of water VP (water) nor vapour pressure deficit (VPD) correlated with 

lesion expansion rate, adding to studies minimizing the importance of RH and 

VPD as determinants of asexual phase powdery mildew growth other than 

specifically at spore germination. 
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Creelman eta/. (1992) first reported isolation of jasmonic acid from culture 

filtrates of the fungus Lasiodiplodia theobromae. MeJA, found in the culture 

filtrate was also reported to be a component of the essential oil of Jasminum 

grandifirum L. and Rosmanum officina/is L. 

Pathogenicity and serology 

The concept of common antigens between a plant and a pathogen is an 

important feature in determining resistance or susceptibility. It is believed that the 

degree of compatibility and susceptibility of a plant cultivar to a pathogen is 

correlated to levels of common antigens present in both host and pathogen (Alba 

et a/., 1983; Purkayastha and Banerjee, 1990; Chakraborty and Saha, 1994; 

Kratka et a/., 2002; Ghosh and Purkayastha, 2003; Musetti eta/., 2005; Eibel et 

a/., 2005; Dasgupta eta/., 2005). 

Ala-EI-Dein and EI-Kady (1985) used crossed immunoelectrophoresis to 

show that the tested isolates of Botrytis cinerea were serologically different and 

some antigens were specific for each isolate. Isolate no.1 of Botrytis cinerea had 

four specific antigens. Although these antigens were absent in other isolates. At 

least sixteen antigens were common in the isolates tested. Some isolates were 

serologically similar when tested by double gel diffusion test while they were 

distinguishable when CIE techniques were used. Numbers of precipitin peaks 

obtained with CIE techniques were more than double the number of precipitin 

lines detected with double gel diffusion test. Results revealed that CIE techniques 

could be used as valuable analytical tools in resolving the spectrum of antigens 

present, in Botrytis cinerea isolates. By using CIE techniques antigenic structures 

of B. cinerea, B. tulipae, B. paeoniae and B. a/Iii isolates were also compared. 

Antisera against antigens of these isolates gave 24, 15, 20 and 14 precipitin 

peaks respectively, when analyzed in homologous reactions. CIE with an 

intermediate gel and CIE with antibody absorption in situ revealed that each 

isolate was serologically different from the other and has species-specific 

antigens. B. cinerea has eight distinct antigens which distinguished them from the 

other species of Botrytis. 

Evaluation of antisera raised against pooled mycelial suspensions from 

five isolates (Pf-1, Pf-2, Pf-3, Pf-10 and Pf-11) representing five physiologic races 

of Phytophthora fragariae for detecting the red core disease of strawberries by 

enzyme-linked immunosorbent assay (ELISA) were performed. Cross-reactivity 
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of antiserum raised against P. fragariae with other Phytophthora as a genus 

detecting antiserum has been reported. Antiserum of P. fragariae isolates (Anti

PfM) reacted strongly with antigens from several Phytophthora species. Some 

cross-reaction with antigens from Phythium species was decreased by 

fractionating on an affinity column of sepharose 4 B bound to extracts of Fragaria 

vesca roots infected with P. fragariae. The affinity purified anti PfM retained its 

high cross-reactivity with the various Phytophthora species. Anti-PfM could not be 

made specific for P. fragariae because it was raised against components shown 

to be antigenically similar in all Phytophthora species tested. However, 

immunoblotting with the affinity purified anti-PfM produced distinct patterns for P. 

fragariae, P. erythroseptica and P. cactorum (Mohan, 1988). 

Competitive types of two novel enzyme-linked immunosorbent assays 

(ELISA) for specific detection of Fusarium oxysporum f. sp. cucumerinum as well 

as for general detection of ten strains of common Fusarium species has 

developed, that show specific pathogenicities to different plants. Antiserum 

against a strain of Fusarium oxysporum f. sp. cucumerinum (F 504) was elicited 

in rabbits and a highly specific, sensitive and accurate ELISA for the homologous 

strain was developed by using the antiserum with ~-0-galactosidase-labelled 

anti-rabbit lgG as a secondary antibody and cell fragments of the strain attached 

to amino-Dylark balls as the solid-phase antigens. This assay was specific for 

strain F 504 and showed little cross-reactivity with nine other strains of Fusarium 

species including strain F 501 of F. oxysporum f. sp. cucumerinum (FO). F 501 

possesses pathogenicity against cucumber similar to that of strain F 504, 

although slight differences have been observed between these two strains 

regarding their spore formation and pigment production. Cell fragments of strain 

F 501 absorbed on amino-Dylark balls possessed sufficient immune activity 

against anti-FO antibody to use in a heterologous ELISA for general detection of 

ten Fusarium species with high sensitivity (Kitagawa eta/., 1989). 

Common antigenic relationships between soybean and Colfetotrichum 

dematium var. truncata using immunodiffusion, immunoelectrophoresis and 

indirect ELISA technique was studied by Purkayastha and Banerjee (1990). 

Cross-reactive antigens were detected between susceptible soybean cultivars 

and the virulent strain of C. dematium but no cross-reactive antigen was detected 

between soybean cultivars and avirulent pathogen (C. dematium) or non

pathogen C. corchori. Results of immunodiffusion and immunoelectrophoresis 
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showed absence of common antigen between resistant cult ivars (UPSM-19) and 

the pathogen, wh ile the results of indirect ELISA indicated the presence of 

common antigen between the two at a very low level. They compared antigenic 

patterns of untreated and cloxacillin treated soybean leaves which induced 

resistance of soybean against anthracnose disease. The disappearance of one 

antigen from cloxacill in treated leaves of susceptible soybean cv. "Soymax" was 

correlated with alteration of disease reaction . 

Polyclonal antiserum ra ised against mycelial extracts of the rot fungus 

Phialophora mutabilis, reacted strongly with its homologous antigen and cross

reacted strongly to moderately with six other Philosophora soft rot spp. in ELISA 

(Daniel and Nilsson, 1991 ). 

With the help of an indirect ELISA technique , Ricker et at. (1991) showed 

that increase in cross-reactivity in late bled antiserum (anti-Be lgG) , raised 

against water soluble antigens from Botrytis cinerea corresponded with an 

increase in the overall serum titers for anti-Be lgG to antigens of B. cinerea. 

Polyclonal antiserum of mycelial proteins of Verticillium dahliae reacted positively 

with 11 of 12 isolates of V. dahliae from potato, cotton and soil but negatively with 

one isolate from tomato in indirect ELISA (Sundaram et at., 1991 ). He also found 

positive results in detecting , V. dahliae and V. albo-atrum from infected roots and 

stems of potato in a double antibody sandwich enzyme linked immunosorbent 

assay (DAS-ELISA). 

Lyons and White (1992) compared results of conventional isolation 

techniques for Pythium violae using polyclonal antibodies rai sed to P. violae or P. 

sulcatum in competition ELISA. Priestley and Deway (1993) developed a double 

antibody sandwich ELISA test for the detection of Pseudocercosporel/a 

herpotrichoides using a highly specific monoclonal antibody pH 10 as the capture 

antibody and genus specific polyclonal rabbit antisera as test antibody. The 

assay recognized extracts from plants both artificially and natural ly infected with 

P. herpotrichoides, at least three-fold higher absorbance values with extracts of 

P. herpotrichoides infected tissue than with extracts from healthy tissues . The 

high molecular weight fraction of immunogen (mycel ial extracts) was shown to 

contain cross-reactive antigens; it induced antiserum in mice that cross-reacted 

with the other stem base fungi even at high dilution. 

Chakraborty and Saha (1994) compared antigens obtained 

varieties, isolates of Bipolaris carbonum and non-pathogens of tea (Bipolari 
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tetramera and Bipolaris setariae) by immunodiffusion, immunoelectrophoresis 

and enzyme linked immunosorbent assay to detect cross reactive antigens (CRA) 

shared by the host and the parasite. CRA were found among the susceptible 

varieties (TV 9, 17 and 18) and isolates of B. carbonum (BC-1, 2, 3 and 4). Such 

antigens were not found between isolates of B. carbonum and resistant varieties 

(TV 16, 25 and 26), non-pathogens and tea varieties, as well as non-pathogen 

and B. carbonum. CRA were also found concentrated mainly around the 

epidermal cells of leaves of TV-18 in cross section following indirect staining of 

antibodies using fluorescein isothiocyanate (FITC). They indicated the presence 

of CRA in the young growing hyphal tips and conidia following treatment with 

antisera of leaves (TV-28) and indirect staining with FITC. 

Polyclonal antibodies (PAbs) were produced against culture filtrates and 

mycelial extracts immunogen from the soybean (Glycine max) and fungal 

pathogen Phomopsis longicolla. Polyclonal antibodies were purified to the 

immunoglobulin fraction and tested in indirect ELISA and in direct DAS-ELISA, 

the PAbs raised to culture filtrate were more specific but less active in binding to 

members of Diaparthe-Phomopsis complex than were those to mycelial extract 

immunogen preparation. DAS-ELISA was more specific and 1 00-fold more 

sensitive in detecting members of the complex than was indirect ELISA. 

Variability in specificity between different PAbs was lower in DAS-ELISA 

compared to indirect ELISA (Brill eta!., 1994). 

Extensive cross reactions were found when two monoclonal and three 

polyclonal antisera, raised against the cell wall/membrane fractions of Pythium 

violae and P. su/catum screened with a collection of 40 isolates of the genus 

Pythium including 20 species and the H-S group. However, when the binding of 

the antibodies was assessed in an enzyme-linked immunosorbent assay (ELISA) 

using cytoplasmic fraction antigens, the combined recognition patterns produced 

profiles unique to each species (White eta/., 1994). 

Polyclonal antisera against whole (coded: 16/2) and sonicated (coded: 

15/2) resting spores of P/asmodiophora brassicae were raised as well as soluble 

components prepared by filtration and ultracentrifugation (coded: SF/2), cross

reactivity of all three antisera with a range of soil fungi, including Spongospora 

subterranean was low (Wakeham and White, 1996). Test formats including 

western blotting, dipstick, dot blot, indirect ELISA and indirect 

immunofluorescence were assessed for their potential to detect resting spores of 
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P. brassicae in soil. Dot blot was least sensitive, with a limit of detection level of 

1 x1 0 7 resting spores/g in soil. With western blotting, the lower limit of detection 

with antiserum 15/2 was 1 x1 o5. This antiserum showed the greatest sensitivity in 

a dipstick assay, indirect ELISA and indirect immunofluorescence, for all of which 

there was a limit of detection of 1 x1 o2. Of the assays tested, indirect 

immunoflourescence appears to be the most rapid and amenable assay for the 

detection in soil low levels of resting spores of P. brassicae. 

Polyclonal antibodies against prehelminthosporol, a phytotoxin produced 

by the plant pathogenic fungus Bipo/aris sorokiniana were raised in rabbits 

immunized with a prehelminthosporol-hexon conjugate. The lgG was isolated 

from the serum and the specificity of the purified antibodies was investigated with 

indirect ELISA. The antibodies bound both to free prehelminthosporol and to a 

prehelminthosporol-bovine serum albumin conjugate bound to micro titer wells. 

The antibodies showed less affinity to structurally related compounds from the 

fungus. No cross-reactivity was shown for proteins extracted from mycelium of B. 

sorokiniana. Low-temperature preparation techniques for electron microscopy 

were used in combination with immunogold labeling for localization of 

prehelminthosporol in hyphae and germinated conidia of B. sorokiniana. A low 

level of labeling was obtained throughout the cytoplasm, and the main labeling 

was seen in membrane-bound organelles identified as Woronin bodies (Akesson 

eta/., 1996). 

Kratka et a/. (2002) prepared four polyclonal and two monoclonal 

antibodies were prepared and tested to detect Col/etotrichum acutatum, a 

quarantine pathogen of strawberry. They observed that only one polyclonal 

antibody was sensitive enough to recognize the pathogen. The antibody was 

genus specific that did not cross react with several other fungal pathogens of 

strawberry. They also detected C. acutatum by Plate trap antigen enzyme linked 

immunosorbent assay (PTA-ELISA). dot blot and immunoprint in roots, crowns, 

petioles and fruits in the latent age of the disease after artificial infection of 

strawberry (cvs. Elsanta, Vanda and Kama). 

Ghosh and Purkayastha (2003) used polyclonal antibodies and antigens 

of ginger and Pythium aphanidermatum, a causal organism of rhizome rot 

disease for early diagnosis of rhizome rot disease of ginger. They detected P. 

aphanidermatum in ginger rhizome after eight weeks of inoculation by agar gel 
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double diffusion and immuoelectrophoretic tests, but only one week after 

inoculation by indirect ELISA. 

Polyclonal antibodies were raised against mycelium from the logarithmic 

growth phase of a shake culture of Ustilago nuda, and developed a double 

antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) with 

biotinylated detection antibodies. Other species of Usti/ago reacted with the 

antibodies. Cross-reactivity was highest with U. tritici. No signal was obtained 

with the tested isolates of Tilletia, Rhizoctonia, Pythium and Fusarium. With 

naturally infected barley seeds, the results of the ELISAs were always in good 

agreement with those obtained with the routinely used seed embryo test. They 

suggested that potential fields of application of the ELISA include the early 

prediction of the efficacy of protection agents, e.g. in screenings for seed 

treatments, the elucidation of the biology of the fungus and characterization of 

resistance mechanisms (Eibel el a/., 2005). 

Besides fungus Indirect ELISA was used to monitor the distribution of 

Mycoplasma like organism (MLO) in the experimental host Vicia faba. Post

embedding colloidal gold indirect immunolabelling was developed to identify, 

without ambiguity, the various forms of MLO cells in the different infected parts of 

the plant by transmission electron microscopy. Silver enhancement of the gold 

probe gave accurate histological and cellular localization of MLOs in tissue 

sections, by light microscopy. Both ELISA and immunolocalization first detected 

MLO in roots 17 days after inoculation with infectious leafhoppers (Lherminier el 

a/., 1994). 

Hem a et a/. (2001) evaluated double antibody sandwich enzyme-linked 

immunosorbent assay (DAS-ELISA) and direct antigen coating (DAC)-ELISA for 

detection of sugarcane streak mosaic virus (SCSMV-AP). The virus was detected 

up to 1/3125 and 1/625 dilutions in infected sugarcane leaf, 5~1 and 10 ~1/well in 

sugarcane juice, 1/3125 and 1/625 dilutions in infected sorghum leaf and 10 ng 

and 50 ng/ml of purified virus in DAS-ELISA and DAC-ELISA tests, respectively. 

Abou-Jawdah et a/. (2001) in a survey detected potato virus Y (PVY), potato virus 

A (PVA), potato virus X (PVX), potato virus M (PVM), potato virus S (PVS) and 

potato leaf roll virus (PVX), potato virus M (PVM) potato virus S (PVS) and potato 

leaf roll virus (PLRV) by ELISA from potato fields in the two main production 

areas of Lebanon, the Bekaa and Akkar plains. 
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Wang et a/. (2006) observed that an indirect enzyme-linked 

immunosorbent assay (ID-ELISA) protocol is capable of detecting Rice black

streaked dwarf virus (RBSDV) in very dilute wheat leaf extracts. Based on the 

results, they concluded that efficient and economic detection of RBSDV can be 

performed routinely using polyclonal antiserum against outer capsid protein (P1 0) 

expressed in prokaryotic cells. 

Several other workers also used ELISA for detecting virus (Petrunak et 

a/., 1991; Abou-Jawdah et a/., 2001; Hema et a/., 2001; Devaraja et a/., 2005; 

Chen eta/., 2005) and bacterial (Mazarei and Kerr, 1990) pathogens of plants. 

Cellular location of different proteins or antigens can be done by 

immunolocalization. Location of cross reactive antigens (CRA) was successfully 

done by several workers. In a study, DeVay el a/. (1981a) inoculated young 

cotton (Acala 2) roots with antiserum to Fusarium oxysporum f. sp. vasinfectum 

and stained with FITC conjugated, antirabbit globulin-specific goat antiserum. 

Strong fluorescence was observed at the epidermal and cortical cells, and the 

endodermis and xylem tissues that indicated a general distribution of the CRA 

determinants in roots. In a similar fashion, Chakraborty and Saha (1994) labelled 

polyclonal antiserum with FITC and found that CRA between tea leaves and the 

pathogen Bipo/aris carbonum was present mainly around the epidermal cells and 

mesophyll tissues of leaves of the host and in hyphal tips and in patch like areas 

on conidia and mycelium of the pathogen. Location of CRA was also studied in 

tea leaves that were treated with antiserum raised against two pathogens of tea. 

Indirect labelling of the antibodies with FITC showed that CRA was concentrated 

mainly in the epidermal cells and also spread throughout the cortical cells 

(Dasgupta eta/., 2005). 

lmmunolocalization studies were also performed using immunogold 

labelling which is successfully used for electron microscopy (Lee et a/., 2000; 

Trillus eta/., 2000; Nahalkova eta/., 2001; Kang and Buchenauer, 2002; Wang et 

a/., 2003). For light microscopy, silver enhancement is done after gold labelling 

(Santen el a/., 2005; Saha eta/., 2006). However immunogold labeling has not 

yet been utilized for location of CRA in compatible host and pathogens. Kuo 

(1999) used a gold sol which was found to be able to localize the ECM (Extra 

cellular matrix) of C. gloeosporioides very well. In case of C. g/oeosporioides, the 

ECM secreted out from conidium just before germination took place. The area 

that ECM covered was wide-spread and could reach up to several times the 



22 

spore width. With gold sol, the composition and nature of the ECM could be 

easily identified using cytochemical and biochemical approaches. 

lmmunogold labelling showed specific labelling of chitinase in the 

interaction of pepper stems with Phytophthora capsici. Chitinase was found on 

the cell wall of the oomycete in both compatible and incompatible interactions at 

24 h after inoculation. In particular, numerous gold particles were deposited on 

the cell wall of P. capsici with a predominant accumulation over areas showing 

signs of degradation in the incompatible interaction. Chitinase labelling was also 

detected in the intercellular space and the host cytoplasm. However, healthy 

pepper stem tissue was merely free of labelling (Lee eta/., 2000). 

lmmunolocalization experiments for locating Pinus nigra ARN lectin (PNL) 

were also performed by Nahalkova et a/. (2001) who observed that the protein 

was mainly located on the cytoplasmic membranes and on the primary cell walls. 

In infected seedlings (infected by Heterobasidium annosum and Fusarium 

avenaceum), a strong labelling of hypha! materials with PNL antisera was 

recorded only at the early stages of infection but not at the later stages of hypha! 

invasion. 

Two antisera raised against acidic ~-1 ,3-glucanase and acidic chitinase 

from tobacco and used to investigate the subcellular localization of the two 

enzymes in Fusarium culmorum-infected wheat spike by means of the 

immunogold labelling technique. These studies demonstrated that the 

accumulation of the enzymes in the infected wheat spikes differed distinctly 

between resistant and susceptible wheat cultivars (Kang and Buchenauer, 2002). 

Wang et a/. (2003) used immunogold labelling technique for localization of PB90 

which is a novel protein elicitor secreted by Phytophthora boehmeriae. The anti-

90 kDa protein antiserum was used for immunocytolocalization studies of PB90 

elicitor, on the mycelium and encysting zoospores of P. boehmeriae grown in 

vitro in liquid culture and also in solid medium. In liquid culture, immunogold 

labelling was located mainly in the cell wall. In solid medium, gold particles were 

observed not only in the cell wall, but also in the solid medium near the hypha. 
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Plants have the ability to develop mechanisms in the presence of 

pathogenic organisms that inhibit the invasion of pathogens. The interactions 

between plants and pathogens are based on recognition of specific elicitor 

molecules from avirulent pathogen races (avr gene products), which is described 

in the gene-for-gene resistance theory. Another type of resistance, multigenic 

(horizontal) resistance, is a less well-studied phenomenon that depends upon 

multiple genes in the plant host. All plants possess resistance mechanisms, 

which can be induced upon pre-treatment of plants with a variety of organisms or 

compounds. This general phenomenon is known as induced systemic resistance 

(ISR). At least in some plant species, ISR depends on the timely accumulation of 

multiple gene products, such as hydrolytic enzymes, peroxides or other gene 

products related to plant defenses. The pre-treatment of plants with an inducing 

organism or compound appears to incite the plant to mount an effective defense 

response upon subsequent encounters with pathogens, converting what would 

have been a compatible interaction to an incompatible one Tuzun (2001 ). 

According to Agrios (1988) resistance is the ability of an organism to 

exclude or overcome, completely or in some degree, the effect of a pathogen or 

other damaging factor. Disease resistance in plants is manifested by limited 

symptoms, reflecting the inability of the pathogen to grow or multiply and spread, 

and often takes the form of a hypersensitive reaction (HR), in which the pathogen 

remains confined to necrotic lesions near the site of infection. Induced resistance 

is the phenomenon that a plant, once appropriately stimulated, exhibits an 

enhanced resistance upon 'challenge' inoculation with a pathogen. 

Although, induced resistance has attracted recently (Ryals et a/., 1994; 

Hammerschmidt and Kuc, 1995), but the first systematic enquiry was done by 

Ross (1961a,b). He observed that the inducible resistance response to tobacco 

mosaic virus (TMV) in N gene containing, hypersensitively reacting tobacco was 

not confined to the immediate vicinity of the resulting local necrotic lesions, but 

extended to other plant parts. A ring of tissue around the developing lesions 

became fully refractory to subsequent infection (localized acquired resistance; 

Ross, 1961 a), whereas challenge inoculation of distant tissues resulted in much 
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smaller, and occasionally fewer lesions (systemic acquired resistance (SAR); 

Ross, 1961 b) than in non-induced plants. Even leaves that were mere initials at 

the time of the primary inoculation became induced, suggesting that as a result of 

the initial infection, a signal was generated, transported and propagated, that 

primed the plant to respond more effectively to subsequent infection (Bozarth and 

Ross, 1964). 

Lee et a/. (2000) reported that plants are exposed to a wide variety of 

pathogens including viruses, bacteria and fungi. However, plants protect 

themselves from invasion by pathogens using various defense mechanisms. 

Systemic acquired resistance (SAR) is a broad-spectrum resistance that 

can be induced in plants following a localized infection with a necrotizing 

pathogen or treatment with elicitors (Sticher et a/., 1997; Mauch-Mani and 

Metraux, 1998). SAR development is mediated by a mobile signal that originates 

at the primary infection or treatment site and thought to be translocated 

systemically in the phloem (Rasmussen eta/., 1991; Smith-Becker eta/., 1998; 

Kaur and Kolle, 2001; Sharma et a/., 2001; Paul and Sharma, 2002). 

Systemic acquired resistance (SAR) can be induced in plants following a 

localised infection with a necrotizing pathogen or treatment with chemical elicitors 

(Mauch-Mani and Metraux, 1998; Sticher et a/., 1997). SAR development is 

mediated by a mobile signal that originates at the primary infection or treatment 

site and is thought to be translocated systemically in the phloem (Rasmussen et 

a/., 1991; Smith-Becker eta/., 1998). SAR was induced in mature plant part after 

localized treatment with 0.2 mM salicylic acid (SA) or previous inoculation with 

the same pathogen. SAR was expressed in adjacent untreated leaves as a 

reduction in lesion diameter (Reglinski eta/., 2001). 

Ton eta/. (2002) observed that three signals salicylic acid, jasmonic acid 

and ethylene play an important role in inducing defense resistance in plants. 

Salicylic acid is a key regulator of pathogen-induced systemic acquired 

resistance (SAR), whereas jasmonic acid and ethylene are required for 

rhizobacteria-mediated induced systemic resistance (ISR). Both types of induced 

resistance are effective against a broad spectrum of pathogens (oomycete, 

fungal, bacterial, and viral pathogen). In non-induced Arabidopsis plants, these 

pathogens are primarily resisted through SA-dependent basal resistance 

(Peronospora parasitica and Turnip crinkle virus [TCV]), JA/ET-dependent basal 

resistance responses (Alternaria brassicicola), or a combination of SA-, JA-, and 
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ET-dependent defenses (Xanthomonas campestris pv. armoraciae). They 

suggested that SAR and ISR constitute a reinforcement of extant SA- or JNET

dependent basal defense responses, respectively. 

In compatible or incompatible interactions between plant and pathogens, 

pathogenesis-related proteins (PRs) are often induced in response to infection 

(Van Loon, 1997) those play an important role in plant defense response. Plant 

growth promoting rhizobacteria (PGPR) are known to induce systemic resistance 

to fungal, bacterial and viral diseases (Wei eta/., 1991; Maurhofer eta/., 1994; 

Liu eta/., 1995a,b; Chen eta/., 1998). This phenomenon termed as induced 

systemic resistance (ISR) (Kloepper eta/., 1992) markedly differ from SAR. Many 

classic SAR proteins are not induced in ISR (Van Loon, 1997). Chen eta/. (2000) 

tested PGPR strains (Pseudomonas strains 13 and 63-28) significantly induced 

plant defense enzyme both locally and systemically. 

Meera et a/. ( 1994) reported that plant growth promoting rhizobacteria 

(PGPR) were shown to induce systemic resistance (Wei eta/., 1991; Van Loon et 

a/., 1998). Some fungal isolates collected from the rhizospheres of zoysiagrass 

enhanced the growth of a variety of crop plants and thus these isolates were 

designated as plant growth-promoting fungi (PGPF). The PGPF belonged to the 

genera Fusarium, Penicillium, Phoma, Trichoderma and sterile fungi. It was found 

that systemic resistance was induced in cucumber using the Phoma sp. and the 

sterile fungus against anthracnose caused by C. orbiculare. Cucumber roots 

treated with culture filtrates (CFs) of PGPF isolates also induced resistance 

against anthracnose. CF-treated plants expressed resistance to pathogen 

infection by an alteration of various metabolisms, such as high increases in 

activities of chitinase, ~-1 ,3-glucanase, peroxidase, polyphenol oxidase and 

phenylalanine ammonia lyase, indicating that an elicitor substance(s) existed in 

the CFs. 

Plant growth promoting rhizobacteria (PGPR) can suppress the disease 

caused by foliar pathogen by triggering plant-mediated resistance mechanism 

called induced systemic resistance, so called ISR (Dube, 2001). Systemic 

resistance induced by rhizobacteria differs mechanically from SAR, it is 

designated by a separate term ISR proposed by Kloepper et a/. (1992) and latter 

supported by Pieterse et a/. (1996). SAR and ISR differ in their signaling 

pathways. SAR is dependent on the synthesis of SA by the plant that acts as an 

inducer signal and is associated with the accumulation of novel pathogenesis-
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related (PR) proteins, POX (peroxidase), PR-1, PR-2 (~ -1,3 glucanase), PR-3 

(chitinase), PR-4 and PR-5 etc. (Van Loon, 1999). Rhizobacteria-mediated ISR 

signalling pathway does not involve SA or PR protein, rather it requires Jasmonic 

acid (JA) and ethylene response and like the SAR, depends on the regulatory 

protein NPR-1(non-pathogenic rhizobacteria-1) (Dube, 2001). 

Van Loon el a/. ( 1998) reported that the rhizosphere bacteria are present 

in large numbers on root surface; few of them stimulate plant growth and are 

therefore called plant growth promoting-rhizobacteria (PGPR). The strains that 

were isolated from naturally disease-suppressive soil, mainly fluorescent 

Pseudomonas sp, have been demonstrated to reduce plant disease by 

suppressing soil-borne pathogens. Some of those biological strains have the 

ability to reduce disease caused by foliar pathogens by triggering a plant

mediated resistance mechanism called induced systemic resistance. 

Ongena et a/. (2002) demonstrated the ability of Pseudomonas putida 

BTP1 to induce resistance in bean to Botrytis cinerea. In vivo assays with 

samples from successive fractionation steps of the BTP1 supernatant suggested 

that salicylic acid, pyochelin and pyoverdin, previously identified as 

Pseudomonas determinants for induced systemic resistance (ISR), were not 

involved in systemic resistance triggered by BTP1 but one main metabolite (not 

characterized) retained most of the resistance-inducing activity in bean. 

Conrath et a/. (2001) reported that pre-treatment of cultured parsley cells 

with inducers of systemic resistance, salicylic acid or a benzothiadiazole, leads to 

the direct activation of a set of defence-related genes and also primes the cells 

for stronger elicitation of another set of defence genes including those encoding 

phenylalanine ammonia-lyase. In Arabidopsis, pre-treated plants with 

benzothiadiazole was found to augment the subsequent activation of 

phenylalanine ammonia-lyase genes by Pseudomonas infection, wounding and 

osmotic stress and also to enhance wound/osmotic stress-induced callose 

production. From these results, it was concluded that the resistance inducers 

have at least a dual role in plant defence-gene activation. 

Willits and Ryals (1998) reported that Probenazole, which was the first 

commercialized disease resistance inducer, is an example of such a compound 

and is widely used for the control of rice blast in Japan. Besides probenazole, 

other chemical inducers of disease resistance in plants have been described 

including salicylic acid (SA), 2,6-dichloro isonicotinic acid (INA) and 3-
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aminobutyric acid (BABA) (Kessmann eta/., 1994a; Cohen, 1994; Sticher et a/., 

1997). Furthermore, one of the benzothiadiazole compounds (BTHs), 

acibenzolar-S-methyl (CGA245704: benzo[1 ,2,3]thiadiazole-7-carbothioic acidS

methyl ester) was developed by Novartis Crop Protection AG and was introduced 

in 1996 as a 'plant activator' for the control of wheat powdery mildew in Germany 

and Switzerland (Ruess eta/., 1996). 

There are many biotic and abiotic inducers used for the establishment of 

SAR in different plants by several workers. Among the abiotic inducers, Meena et 

a/. (2001) used salicylic acid in groundnut, Higa eta/. (2001) used active oxygen 

radicals in rice, O'Donnell eta/. (1996) used ethylene in tomato, Smith-Becker et 

a/. (1998) used SA and 4-hydroxybenzoic acid in cucumber, Cohen eta/. (1993) 

used jasmonic acid and methyl jasmonate in potato and tomato, Siegrist et a/. 

(2000) used 13 - aminobutyric acid in tobacco, Kaur and Kolte (2001) and Stadnik 

and Buchenauer (2000) used benzothiadiazole in mustard and wheat plant 

respectively, Brederode eta/. (1991) used UV-Iight in tobacco, Ernst eta/. (1992) 

used ozone in tobacco, Klessig et a/. (2000) used nitric oxide and Kaku et a/. 

(1997) applied N-acetylchitooligosaccharide in barley. 

Jasmonic acid (JA) plays an important role in plant defense response. Its 

level is increased under wounding and treatment with pathogen-elicitors that 

induce genes encoding enzyme involved in flavonoid biosynthesis, chalcone 

synthase (Creelman eta/., 1992) and Phenylalanine ammonia-lyase (Gundlach et 

a/., 1992). 

It has been described that SA coordinately induces the full spectrum of 

SAR genes, encompassing all well-characterized PRs (Ward et a/., 1991). 

Salicylic acid (SA) is an endogenous signal for the development of SAR and it is 

transported by phloem from the sites of its origin. Leaves inoculated with 

pathogen exhibits high level of endogenous SA (Malamy et a/., 1990). Foliar 

application of SA at the concentration of 1 mM significantly increased the activity 

of Phenylalanine ammonia-lyase {PAL), Chitinase, 13-1 ,3-glucanase, Peroxidase, 

Polyphenol Oxidase and Phenolic content in groundnut (Meena et a/., 2001). 

Salicylic acid is a natural phenolic compound present in many plants that play an 

important role in the signal transduction pathway and involved in local and 

systemic resistance to pathogens (Delaney eta/., 1995). 

In tomato, root application or foliage spray with BABA induced the 

accumulation of the pathogenesis-related (PR) proteins PR-1, chitinase and 13-1, 
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3-glucanase (Cohen and Gisi, 1994; Cohen et at., 1994). In tobacco, foliar spray 

similarly induced PR-proteins accumulation but, surprisingly, no PR-proteins were 

detected in plants either stem injected with BABA (Cohen, 1994), although plants 

were highly protected. Busam et a/., 1997 showed that in grape leaves, SA 

induced basic chitinase Ill and I whereas INA or BTH induces chitinase Ill only. 

The induction by BABA of lignin accumulation in HR-responding mesophyll cells 

hints at the possible involvement of enzymes like phenylalanine ammonia lyase 

(PAL) and peroxidase. In fact, BABA was reported (New1on et at., 1997) to 

increase PAL activity and induce resistance against late blight in potato leaf 

discs. 

Schweizer et a/. (1999) showed the induction of resistance in rice 

seedlings by Pseudomonas syringae, a biological inducer of resistance, and the 

chemical inducers benzothiadiazole (BTH) and 2, 6-dichloroisonicotinic acid 

(INA). Both INA and BTH induced similar patterns of genes, suggesting that 

these compounds were functional analogues. In contrast, the patterns induced by 

the chemical inducers and by P. syringae were clearly dissimilar. 

G·orlach et at. (1996) observed that the benzo (1 ,2,3) thiodiazole-7-

carboxylic acid derivatives have been developed as a novel class of crop 

protection agent that have no direct anti-microbial properties, but instead 

increase crop resistance to disease by activating the SAR signal transduction 

pathway (Law1on et at., 1996). Such plant defense activators are usually applied 

·as a foliar spray treatment, but can also be applied to seed (Jensen et at., 1998; 

Siegrist eta/., 1997). 

Dann et at. (1998) assessed for severity of white mould disease caused 

by Sclerotinia sc/erotiorum following induction of resistance by 2,6 

dichloroisonicotinic acid or benzothiadiazole in field or greenhouse grown 

soybeans. They hypothesized that the decrease in disease severity following 

treatment with INA or BTH is a result of resistance induction. 

Acibenzolar-S-methyl (BTH is the first commercial chemical triggering 

induced resistance in plants) was recently introduced on the market by Novartis 

under the tradenames Actigard (USA) and BION (Europe) Buonaurio et at. 

(2002). 

Ishii et a/. (1999) suggested that acibenzolar-S-methyl (CGA 245704) 

induced resistance to some but not all diseases on cucumber and Japanese 
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pear. Induction of disease resistance in cucumber was rapidly triggered after 

treatment with acibenzolar-S-methyl (CGA245704: benzo [1 ,2,3] thiadiazole-7-

carbothioic acid S-methyl ester) which showed no antifungal activity in vitro. 

Cohen, (1996) reported a new class of resistance-inducing compound 

belongs to aminobutyric acids. Sticher eta/. (1997) reported local treatments with 

DL-3-aminobutyric acid (BABA) can protect tomato, potato, and tobacco, 

systemically, against Phytophthora infestans and Peronospora tabacina, 

respectively. 

Acibenzolar-S-methyl (Novartis) induces defense-related compounds in 

apple seedlings. The protection was associated with the activation of two families 

of defense-related enzymes, peroxidases and 13-1 ,3-glucanases. Accumulation of 

both enzymes were induced locally in treated leaves and systemically for 13-1,3-

glucanases in upper untreated leaves and was sustained for at least 17 days. A 

pre-flowering foliar spray of the plant activator acibenzolar-S-methyl combined 

with a fruit dip in guazatine at harvest substantially decreased disease in stored 

melons caused by Fusarium spp., Alternaria spp., Rhizopus spp. and 

Trichothecium sp. (Huang eta/., 2000). 

An obligate fungus, Albugo candida infects all aerial parts of the mustard 

(Brassica juncea) plants. Plant treated with benzothiadiazole (BTH) exhibited 

high level of the enzyme PAL, peroxidase and cell wall-bound phenolic 

compounds (Coumaric and ferulic acid) than in untreated control. It has been 

shown that transcripts of six typical defense response genes, POX (peroxidase), 

PR-1. PR-2 (13-1 ,3-glucanase), PR-3 (chitinase), PR-4 and PR-5 (thaumatin-like 

protrein) were induced in spray - inoculated heads of the susceptible cv. wheat 

on and the activation of SAR by 2-6-dichloro isonicotinic acid (INA) or benzo 

(1 ,2,3) thiodiazol- 7- carbothioic acid S- methyl ester (BTH) (G·orlach et a/., 

1996). Similar activation was reported in barley (Kogel eta/., 1994) and maize 

(Morris eta/., 1998). The chemical BTH had no antifungal activity in vitro against 

the pathogen A. candida. Under the field conditions, plants treated with BTH at 

concentrations of 100mgL-1, 250mg L-1and 500mgL-1 showed protection from 

staghead development by 59.2%, 61.4% and 82.6% respectively against the 

challenge inoculation with A. candida (Kaur and Kolle, 2001). 

Buonaurio et a/. (2002) used acibenzolar-S-methyl to induce resistance in 

pepper plants against Xanthomonas campestris pv. vesicatoria in both growth 

chamber and open field conditions. In growth chamber experiments of 
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acibenzolar-S-methyl in pepper plants showed resistance expression 

systemically and locally that lead to the reduction in the number and diameter of 

bacterial spots and bacterial growth. Systemic protection was also noticed by the 

acibenzolar-S-methyl acid derivative, CGA 210007. Under open field conditions 

both leaves and fruit were protected from the disease perhaps due to SAR 

activation. 

Emmanuel eta/. (2001) applied Phytogard and SABA to induce systemic 

resistance in lettuce against downy mildew. Phytogard and SABA completely 

protected the disease. Pathogenesis related (PR) protein analysis showed that 

SABA induced weak accumulation of PR-2, but not PR-1, PR-5 and PR-9. 

Phytogard induced none of these proteins. 

Cohen et a/. (1999) reported the non-protein amino acid SABA (DL-3-

aminobutyric acid) to induce local and five other isomers of aminobutyric acid, 

namely L-2 aminobutyric acid, 2-amino isobutyric acid, DL-2-aminobutyric acid 

(MBA), DL-3-amino isobutyric acid, and 4-aminobutyric acid (GABA) gave no 

protection against the downy mildew fungus. 

Park et a/. (2002) observed that the wall glucan elicitor (WGE), 

mycolaminaran, jasmonic acid (JA), methyl jasmonate and ethelene precursor, 1-

amino-cyclopropane carboxylic caid (ACC) are effective in protecting the cells 

distal to the point of treatment from the site of infection of Phytpophthora sojae in 

soybean. 

Penninckx et a/. ( 1996) purified a 5-kD plant defensin from Arabidopsis 

leaves after challenged inoculation with the fungus Alternaria brassicico/a and 

shown to possess antifungal properties. The corresponding plant defensin gene 

was induced after treatment of leaves with methyl jasmonate or ethylene but not 

with salicylic acid or 2,6-dichloroisonicotinic acid. When challenged with A. 

brassicicola, the levels of the plant defensin protein and mRNA rose both in 

inoculated leaves and in nontreated leaves of inoculated plants (systemic 

leaves). The results indicate that systemic pathogen-induced expression of the 

plant defensin gene in Arabidopsis was independent of salicylic acid but requires 

ethylene and jasmonic acid to response. 

Salicylic acid (SA) is a widely distributed secondary plant product (Raskin 

eta/., 1990). Several plants, especially Gultheria species have been reported to 

be particularly rich in this compound together with 2,3-dihydroxybenzoic acid (2, 
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3-DHBA) as a minor constituent (Towers eta/., 1966). A glucoside of 2,3-DHBA 

is constitutively present in intact plants of Catharanthus roseus (L.) G. Don 

(Ibrahim and Towers, 1959). Cell suspension cultures of this plant produced 2,3-

DHBA after elicitation with fungal cell wall preparations (Frankmann and Kauss, 

1994; Moreno eta/., 1994a,b). 

Foliar application of SA at the concentration of 1 mM significantly reduced 

late leaf spot and increased the pod yield under greenhouse conditions in 

groundnut against late leaf spot caused by Cercosporidium personatum SA 

increased the activities of PAL, chitinase, 13-1 ,3-glucanase, peroxidase and 

polyphenol oxidase in groundnut following challenged inoculation with 

Cercosporidium personatum (Meena eta/., 2001 ). 

Treatment of tobacco with a mixture containing reactive oxygen species 

(ROS) and salicylic acid (SA) provided greater protection of tobacco against 

infection by Pseudomonas syringae pv. tabaci than either treatment alone. 

Synergism in expression from the promoter of the defense gene PR-1a was also 

observed. Although the ROS hydrogen peroxide and peracetic acid were poor 

inducers alone, they enhanced the level of ,8-glucuronidase (GUS) activity 

expressed from the PR-1a promoter when applied with SA to a transgenic plant 

bearing a PR-1a::GUS fusion. PR-1a expression was not correlated with 

increased cell death as determined by Evans blue staining. There was no effect 

on the timing at which expression was increased by the mixture compared with 

the separate treatments Blee (2004). 

It has been reported that the oligomers of chitin released by the hydrolytic 

enzyme were found to be effective elicitors of resistance reactions such as 

biosynthesis of lignin and phytoalexins in plants (Boller, 1987; Boller, 1991 

Mauch-Mani and Metraux, 1998). 

Like the abiotic inducers, some biotic inducers have also been used to 

enhance in plant defense reaction. Some of them are leaf extract of Azadirachta 

indica in barley (Paul and Sharma, 2002), Acalypha indica in ginger (Ghosh and 

Purkayastha, 2003), Reynoutria sacha/iensis in cucumber (Daayf et a/., 1995), 

plant growth promoting rhizobacteria (PGPR) in cucumber (Wei eta/., 1991; Liu 

et a/., 1995a; Chen et a/., 2000}, Pseudomonas fluorescens strain CHAO in 

tobacco (Maurhofer et a/., 1994}, Pseudomonas syringae in cucumber 

(Rasmussen et a/., 1991), Pyricu/aria oryzae and Bipolaria sorokiniane in rice 

(Manandhar eta/., 1999). 
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Ton et a/. (2002) observed that in Arabidopsis thaliana, non-pathogenic, 

root-colonizing Pseudomonas fluorescens WCS417r bacteria trigger an induced 

systemic resistance (ISR) that is phenotypically similar to pathogen-induced 

systemic acquired resistance (SAR). In contrast to SAR, WCS417r-mediated ISR 

is controlled by salicylic acid (SA)-independent signalling pathway that requires 

an intact response to the plant hormones jasmonic acid (JA) and ethylene (ET). 

Arabidopsis accessions RLD1 and Ws-0 fail to express ISR against 

Pseudomonas syringae pv. tomato and show enhanced disease susceptibility to 

this pathogen. 

The role of PR-proteins in plant defense against pathogens is multi

faceted and induced by biocontrol fungi, Trichoderma harzianum (Jangid, eta/., 

2004). As potential biological agents Trichoderma harzianum isolate T39 and T. 

virens isolate DAR 74290 controlled the rot disease in potato and tomato caused 

by Phytophthora erythroseptica. The yield of potatoes from plants treated with T. 

virens DAR 74290 following inoculation of P. erythroseptica was significantly 

greater than in control (inoculated plants) (Etebarian eta/., 2000). 

De Meyer et a/. (1998) reported that biocontrol of Botrytis cinerea in 

tomato, lettuce, pepper, bean and tobacco with the treatment of T. harzianum 

T39 reduces the grey mould symptoms inducing systemic resistance that was 

similar to that of the rhizobacterium Pseudomonas aeruginosa KMPCH. 

Koike et a/. (2001) tested five fungal isolates (Trichoderma, Fusarium, 

Penicillium, Phoma and a sterile fungus) for their ability to induce systemic 

resistance in cucumber plants against Co/Jetotrichum orbicu/are. Those isolates 

were collected from zoysiagrass rhizosphere that promotes plant growth. 

Pieterse et a/. (2001) demonstrated that selected strains of rhizosphere 

bacteria Pseudomonas fluorescens WCS417r activating a resistance mechanism 

in the plant called rhizobacteria-mediated induced systemic resistance (ISR). 

Ahmed et a/. (2000) showed seed and root treatments with Trichoderma 

harzianum in pepper, significantly reduced stem necrosis caused by 

Phytophthora capsici. Accumulation of increased capsidiol in treated inoculated 

plants was correlated with reduced necrosis. He also showed that Trichoderma 

harzianum induced the accumulation of capsidiol. Reuveni and Reuveni (2000) 

showed the induction of systemic resistance against powdery mildew by a non

pathogenic isolate of Alternaria cucumarina. 
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De Meyer et a/. (1999) showed root colonization by rhizobacteria can 

induce a systemic resistance in plants that is phenotypically similar to systemic 

acquired resistance induced by a localized pathogen infection but unlike systemic 

acquired resistance, not associated with PR1 a expression at the time of 

challenge with tobacco mosaic virus. 

Landgraf et a/. (2002) observed that induced systemic resistance by 

infiltration with Pseudomonas syringae pv. macu/ico/a, 12-oxo-phytodienoic acid 

(OPDA) accumulated in infiltrated leaves as well as in non-treated leaves of 

infected plants. In contrast, jasmonic acid (JA) levels increased only in infiltrated 

leaves, suggesting that the biosynthetic precursor of JA, OPDA, might play a role 

in systemic acquired resistance. 

Paul and Sharma (2002) observed that the leaves of barley treated with 

aqueous leaf extract of neem (Azadirachta indica Juss.) exhibited significantly 

high activity of enzymes PAL and tyrosine ammonialyase (TAL) along with rapid 

and distinct accumulation of fungitoxic phenolic compounds. The population of 

most of the phylloplane mycoflora species remained unaltered. 

Daayf et a/. (1995) found that the leaf extract of Reynoutria sachalinensis 

induced resistance in long English cucumber against Sphaerotheca fu/iginea 

through biochemical changes in the host plant. 

Duijff et a/. (1998) indicated that the suppression of fusarium wilt by P. 

f/uorescens WCS417r was ascribed to systemic induced resistance without any 

detection of the PR-proteins tested (PR-1 and chitinases). In contrast, the 

suppression achieved by nonpathogenic F. oxysporum Fo47 appeared to be 

mainly ascribed to microbial antagonism but also to a lesser extent to systemic 

induced resistance. This induced resistance could be related to the accumulation 

of PR-1 and chitinases. 

Many plant enzymes are involved in defense reactions against plant 

pathogens. These includes oxidative enzymes such as peroxidase (PO) and 

polyphenol oxidase (PPO}, which catalyse the formation of lignin and other 

oxidative phenols that contribute to the formation of defense barriers for the 

pathogen to the plant cell structure (Avdiushko eta/., 1993). Other enzyme such 

as tyrosine ammonia lyase (TAL} and phenylalanin ammonia lyase (Bashan et 

a/., 1985; Beaudoin-Eagan eta/., 1985} are involved in phytoalexein or phenolic 

compound biosynthesis. 
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It is reported that the increased activity of Phenylalanine ammonia lyase 

(PAL) in the phenylpropanoid pathway lead to the synthesis of defense-related 

compounds such as lignin, flavonoid, phytoalexin and signaling molecule, 

salicylic acid (Health, 2002). The defense related enzyme, Phenylalanine 

ammonia lyase (PAL) frequently increases in plants in respond to pathogen 

invasion. Maher et at. (1994) reported the increased disease susceptibility of 

tobacco plants to Cercospora nicotiana in which PAL activity was suppressed, 

but over expressed PAL, exhibited reduction of lesion areas caused by two 

compatible, necrotrophic pathogens in transgenic tobacco plants. 

Elicitor treatment and wounding in parsley and sweet potato increased the 

activity of PAL. About a 3-fold increase in phenolic content was observed 4 days 

after challenge inoculation with C. personatum following pretreatment with SA in 

groundnut (Meena et at., 2001). 

Polyphenol oxidase (PPO) catalyses in the formation of oxidative phenols 

that contribute to the inhibition of pathogen to the plant cell {Avdiushko et a/., 

1993). 

PRs form a set of pathogen-induced proteins that may be considered as 

stress proteins. In the past decades it has become evident that plants, when 

exposed to various environmental stresses, respond by synthesizing sets of 

specific proteins. Well-known are the heat-shock proteins, that appear to be 

common to all living organisms, and are transiently induced when ambient 

temperature exceeds some critical limit (Vierling, 1991). Different sets of proteins 

are induced by e.g. drought stress or freezing temperatures. For instance, during 

cold acclimation hardy cultivars of alfalfa synthesize a number of proteins that 

supposedly function in reducing the deleterious effects of low temperature on 

plant membranes. The plant hormone abscisic acid (ABA) induces a partly similar 

set of proteins and increases resistance to freezing stress, indicating that 

acclimation is hormone-controlled (Mohapatra eta/., 1988; Heino eta/., 1990). 

Similar proteins are induced by ABA during the acquisition of desiccation 

tolerance in developing seeds and upon drought stress of leaves (Skriver and 

Mundy, 1990). PRs may be considered as stress proteins produced in response 

to, particularly necrotizing, infections by viruses, viroids, fungi and bacteria, and 

thought to function in the acquired resistance against further infection (Van Loon, 

1989). However, in contrast to most other types of stress proteins, they 

accumulate in plant tissues to levels that are easily detectable on gels by general 
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protein stains. Why these inducible PRs may individually reach up to 1% of the 

total soluble protein in leaves, is unclear. 

Gaudet et a/. (2000) observed that under field conditions of five winter 

wheat cultivars, all PR-protein (PR-1, chitinase, 13-1 ,3-glucanase, peroxidase) and 

PAL transcripts exhibited the same basic pattern of expression during the 

autumn, winter and spring. Transcripts were expressed during the late autumn, 

reached high levels by mid-winter, than decreased before reaching maximum 

level during the spring. Conversely PAL expression was low or absent in autumn, 

reached the highest levels by mid-winter and then gradually decreased during the 

spring. 

Van Loon (1985) reported that the mostly studied plant defense 

responses are the synthesis of a group of host-encoded proteins, so called 

pathogenesis-related proteins. One of them known as chitinase has been of 

particular interest in studies of plant resistance against fungal pathogens. The 

substrate for chitinase is chitin, the major structural component of the cell wall of 

many phytopathogenic fungi. 

Pelt-Heerschap and Smit-Bakker (1999) reported that chitinase activity 

was constitutively expressed in the intercellular fluids (IFs) of untreated leaves, 

stems and roots of carnation cultivar of Pallas. The total chitinase activity in the 

IFs of stem tissue increased with time after inoculation with 2 near-isogenic 

races, the avirulent race 1 and the virulent race 8 of Fusarium oxysporum f.sp. 

dianthi and four chitinase isoenzymes, three acidic and one basic isoform, were 

detected. Furthermore, the increases in 13-1 ,3-glucanase activity in IFs of stem 

tissue were markedly higher in the compatible and incompatible interactions than 

in the water control. Using an antiserum against 13-1 ,3-glucanase P3 of tomato, 2 

bands were detected on immunoblots in the IFs of stem tissue inoculated with 

races 1 and 8. Total peroxidase activity increased with time in all combinations. 

One basic and one acidic peroxidase isoform were present in these IFs. 

Peroxidase activity in a cell wall fraction prepared from stem tissue was clearly 

higher, and it increased faster, than the activity in the soluble stem fraction. 

It is reported that chitinases catalyze the hydrolysis of chitin, a linear 

polymer of 13-1 ,4-linked N-acetylglucosamine residues that is the predominant 

constituent of fungal cell walls, nematode eggs, and mid gut layers of insects. 

Some plant chitinases also exhibit lysozymal activity (Dodson et a/., 1993). Three 

classes of plant chitinases have been proposed based upon protein primary 
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structure (Shinshi et at., 1990). The highly variable nature of chitinase and the 

multiplicity of chitinase isozymes in plants suggest that plant chitinase isozymes 

may carry out specific and differing roles. Some chitinase isozymes, for example, 

have antifungal activity while others do not, and the activity of antifungal chitinase 

isozymes isolated from tobacco (Sela-Buurlage et at., 1993) and tomato 

(Lawrence et at., 1 996) have been found to be specific for certain pathogens. 

Sela-Buurlage et at. (1 993) observed that chitinase show marked 

antifungal properties against several phytopathogenic fungi, inhibiting both spore 

germination and hypha I growth either alone or acting synergistically with other PR 

proteins such as 13-1 ,3-glucanase, and ribosome inactivating proteins (Leah et 

at., 1991). The activity of 13-1 ,3-glucanase is higher in resistant cultivars and lower 

in the susceptible pearl millet cultivars to downy mildew disease. lsoelectric 

focusing revealed four basic isoforms with pi 9.6, 9.0, 8.9 and 8.2 and two acidic 

isoforms with pl4.9 and 6.2 of 13-1, 3-glucanase in pearl millet (Kini et at., 2000). 

Bodhini et at. (2003) found that the tissues of Zingiber officinate rhizome 

contain chitinase of molecular masses of 29 and 34 KDa in case of skin and 

tissue respectively. Bishop et at. (2000) reported that the plant chitinases attack 

fungal pathogens directly thereby conferring disease resistance by degrading 

chitin, a major component of the fungal cell wall. Studies at the cellular level have 

established that chitinases affect the extreme tip of hyphal growth of Trichoderma 

tongibrachiatum resulting in thinning of the wall leading to an imbalance of 

turgour pressure and wall tension which caused the tip to swell and burst (Arlorio 

et at., 1992). 

Kang and Buchenauer (2002) reported similar distribution of 13-1,3-

glucanase and chitinase in the uninoculated healthy and infected wheat spike. 

The enzymes were mainly present in the cell walls of different tissues including 

the lemma, ovary and rachis of the wheat spike, while the cytoplasm and 

organells of the cells in these tissues have no enzyme. Accumulation of these 

enzymes differed in resistant and susceptible wheat cultivars. Furthermore, the 

labelling of 13-1 ,3-glucanase and chitinase also occured over the cell walls of the 

hyphae in the infected wheat spike, but not over the hyphal cytoplasm. 

Exogenous application of SA resulted in increased activity of peroxidase 

and 13-1 ,3-glucanase enzymes and antifungal PR-proteins in the callus cultures of 

Zingiber officinate against culture filtrate (CF) of Fusarium oxysporum f.sp. 
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zingiberi. Two new protein bands of 97 and 38 kDa molecular weights were 

obtained (Prachi eta/., 2002). 

Chakraborty and Sengupta (2001) observed that the activities of PAL and 

peroxidase in tea plants were decreased with increasing temperatures, but in 

case of PPO it is increased initially at 40°C and then declined. In rice suspension 

culture peroxidase isozyme is secreted under various environmental stress such 

as heavy metals, salts and temperature (Kiwan and Lee, 2003). 

Ghosh and Purkayastha (2003) noticed that systemic protection against 

Pythium aphanidermatum was induced in ginger (Cv. Suprabha) by soaking 

rhizome seeds separately in selected synthetic chemicals or specific herbal 

extracts for 1 h prior to sowing. Among 12 plant defense activators tested, 

jasmonic acid (JA, 5 mM) and 10% leaf extract of Acalypha indica (ALE) reduced 

disease significantly, with concomitant increase of defense-related proteins 

(DRPs). Growth response of pathogen to both JA and ALE was evaluated in vitro. 

ALE stimulated growth, while JA inhibited growth at high concentration (0.5 mM) 

and slightly stimulated growth at low dose (0.005 mM). Results suggest their 

host-mediated role in induced systemic protection against disease (rhizome rot). 

It was reported that an incompatible interaction results in an increase in 

endogenous levels of reactive oxygen intermediates, nitric oxide, salicylic acid 

(SA), jasmonic acid (JA) and ethylene that trigger the defense responses through 

different signalling pathways. Signalling pathways activate a series of defense 

responses that curb or eliminate the pathogen. These responses include the 

hypersensitive response (HR), up-regulation of phenylalanine ammonia lyase 

(PAL), a key enzyme in plant defense, deposition of cell wall reinforcing 

materials, and synthesis of a wide range of antimicrobial compounds including 

pathogenesis related (PR)-proteins and phytoalexins (Veronese eta/., 2003). 

Baysal et a/. (2005) noticed that Phytophthora capsici was significantly 

inhibited by ASM (acibenzolar-S-methylbenzo [1 ,2,3] thiadiazole-7-carbothioic 

acid-S-methyl ester) treatment by up to 45% in p/anta. The pepper plants 

responded to ASM treatments by rapid and transient induction of L-phenylalanine 

ammonia-lyase (PAL), increase in total phenol content and activities of chitinase 

and 13-1 ,3-glucanase. No significant increase in enzyme activities were observed 

in water-treated control plants compared with the ASM-treated plants. Therefore, 

it may be suggested that ASM induces defense-related enzymes, PAL activity, 
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PR proteins and phenol accumulation in ASM-treated plants and contribute to 

enhanced resistance against P. capsici. 

Changes in phenolic metabolism after elicitation with Colletotrichum 

gloeosporioides (CG) in Hypericum perforatum L. (HP) cell suspension cultures 

was observed by Conceicao et a/. (2006). HP cultures elicited with the CG elicitor 

showed a significant increase in xanthone accumulation. Xanthone accumulation 

increased twelve fold when the cells were primed with methyl-jasmonate (MeJ) or 

salicylic acid (SA), before elicitation. HP cultures exposed only to MeJ produced 

a set of flavonoids, the flavones which represent a substantial part (approx. 40%) 

of the total flavonoids accumulated in these cells. The results indicated that 

xanthones are important component of defense mechanism of HP against biotic 

stress. 

Guleria and Kumar (2006) observed that aqueous leaf extract of neem 

(Azadirachta indica Juss.) provided the control of Alternaria leaf spot pathogen 

(Alternaria sesaml) of sesame (Sesamum indicum L). Treatment with this extract 

led to the changes in plant metabolism as leaves of the treated plants exhibited 

significantly high level of enzymes phenylalanine ammonia-lyase (PAL), 

peroxidase (PO) and content of phenolic compounds. Furthermore, germination 

of A. sesarni spores was not significantly inhibited by neem extract. It is therefore, 

suggested that, protection of sesame plants against A. sesami by neem extract 

might be due to stimulation of plants natural defense response. 



Materials and Methods 
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3.1. Plant materials 

3.1.1. Host plants 

Several tea seed varieties (TS-464, TS-491, TS-506, TS-520, TS-489, TS-

449 and TS-463) approved by Tocklai Experimental Station, Jorhat, Assam) were 

used during the present study. All the varieties mentioned above were selected for 

plantation in the experimental garden, Department of Botany, University of North 

Bengal, based on their growing suitability as observed under field conditions and 

environmental aspects, over the years at Tocklai Experimental Station, Jorhat, 

Assam, India and was recommended by Bezbaruah and Singh, 1988. All the tea 

seed varieties, used during the work are enlisted in Table 2, with their general 

characteristics. All the seed varieties were raised in the nursery of Taipoo Tea Estate 

(Siliguri) and in the experimental garden of Department of Botany, University of 

North Bengal (Plate II & Ill). 

3.1.2. Plants for extraction of botanicals used for induction studies 

Plant materials were collected from tea garden area of Eastern Himalayas as 

well as from sub-Himalayan West Bengal. The plants were selected on the basis of 

easy availability in the tea-growing areas of sub-Himalayan West Bengal. The plants 

were collected, identified and voucher specimens have been deposited in the 

Herbarium of the Department of Botany, University of North Bengal. 

3.2. Fungal culture 

3.2.1. Source 

Fungal culture, Lasiodiplodia theobromae (Pat.) Griffon & Mauble was 

obtained from Dr. A. Saha, Mycology and Plant Pathology Laboratory, Department of 

Botany, University of North Bengal. It was originally isolated from the infected tea 

plants in a tea nursery situated at Bagdogra, Darjeeling and identified (Identification 

no. 4151. 2K) from Indian Type Culture Collection, Indian Agricultural Research 

Institute, New Delhi. Two other cultures, Trichoderma harzianum and Trichoderma 
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virens were collected from Indian Type Culture Collection, IARI, Pusa, New Delhi. 

The culture codes of the two fungi were ITCC-4572 and JTCC-4177 respectively. 

Table 2: Tocklai released biclonal seed stocks (varieties) used in the study and their 
general characteristics. 

Biclonal 
seed stock 

No 
TS-449 

TS-463 

TS-464 

TS-491 

TS-506 

TS-520 

TS-489 

Year of 
release* 

1970 

1984 

1984 

1989 

1994 

1992 

1996 

Crossed between 

Assam (TV2) x a 
vigorous Cambod 
clone 

Assam (TV1) x 
Cambod clone (TV 
19) 

Cross between two 
high yielding and 
quality clones of 
Assam 

Cross between TV1 
x S3A/1, a light leaf 
Assam clone. 

Crosses between 
Assam (TV1) x 
Cambod clone. 

Crosses between 
two high yielding 
Assam clones TV19 
xTV20. 

Cross between the 
Cambod clone TV20 
x the standard 
garden clone (HK 
22/14 

Characters 

High yield potential and above 
average cup-characters with 
suitability for both CTC and 
orthodox manufacture. 

High yielding potential, fairly 
uniform in growth habit. The stock 
is suitable for both CTC and 
orthodox manufacture. 

High yielding potential, suitable for 
drought prone areas of Assam 
Valley, Tripura, Dooars and Terai. 
The stock is suitable for both CTC 
and orthodox manufacture. 

The stock possesses fairly uniform 
growth habit. It is a quality stock 
and suitable for both CTC and 
orthodox manufacture 

The stock is fairly uniform in growth 
habit, high yielding potential and 
suitable for both CTC and orthodox 
manufacture 

The stock possesses fairly uniform 
growth habit and high yielding 
potential. The stock is suitable for 
both CTC and orthodox 
manufacture 

The stock fairly uniform in growth 
and gives higher yield with good 
quality. It is suitable for both CTC 
and orthodox manufacture. 

• Released by Tocklai Experimental Station, Jorhat, Assam, north-east India. 
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Different stages of seedling-development in Taipoo Tea Estate. 

fig. a : Different tea seed varieties sown in the nursery. 

fig. b : Tea seedlings being raised in the nursery. 

fig. c : Nursery tea seedlings ready for planting in the field . 
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Different stages of seedling development in the experimental 
garden. 

fig. a: Tea seeds sown in seed-bed to raise seedling. 

fig. b: Tea seeds germinating on moistened cotton to raise seedling. 

fig. c: Tea seedling on seed-bed . 

fig . d: Tea seedlings in pots in the experimental garden. 

fig. e :Tea seedlings in the seed-bed in the nursery. 
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3.2.2. Verification of Koch's postulates 

In order to fulfill the Koch's postulations fresh young tea leaves of nursery tea 

plants collected from experimental garden, Dept. of Botany, University of North 

Bengal, Siliguri, West Bengal and Taipoo tea estate, Siliguri, West Bengal were 

used. At first, the leaves were inoculated with conidial suspensions of Lasiodip/odia 

theobromae following detached leaf inoculation technique (Dickens and Cook, 1989) 

and after 72 hours of inoculation, the pathogen in each case was re-isolated from 

infected tea leaves. Before isolation, the infected portions were cut into small pieces, 

washed thoroughly with sterile distilled water, surface sterilized with 0.1% mercuric 

chloride (HgCI2) for 1-3 minutes, washed several times again with sterile distilled 

water and finally transferred aseptically into sterile PDA slants. These isolates were 

examined after two weeks of inoculation and the identity of the organisms were 

confirmed after comparing them with the respective stock cultures. 

3.3. Major chemicals used 

In addition to the common laboratory reagents, several chemicals were used 

during the work. Some of the major chemicals have been enlisted (Table 3). 

3.4. Composition of media and solutions used 

Some of the media/solutions used during the work are listed below along with 

their standard compositions and/or modifications, if any. 

POTATO DEXTROSE BROTH (PDBl 

Peeled potato 

Dextrose 

Distilled water 

40 g 

2g 

100 ml 

Required amount of peeled potato was boiled in distilled water. The potato broth was 

taken by straining through cheesecloth and required amount of dextrose was added. 

Finally, the medium was sterilized at 15 lb p.s.i. for 15 minutes. 

POTATO DEXTROSE AGAR (PDAl 

Potato dextrose agar was prepared by adding 2% agar powder to the final 

potato dextrose broth solution. The agar was melted by heating the media before 

sterilization. 



Table 3: Major chemicals used. 

Chemical 

3,5- Dinitrosalicylic acid 

4- Dimethyl aminobenzaldehyde 

4- Hydroxybenzoic acid 

Acetic acid glacial 

Acrylamide 

Adjuvant incomplete 

Agarose 

Antirabbit lgG 

Bromophenol blue 

Congo red 

Coomassie brilliant blue 

di-Sodium tetraborate (Borax) 

DL-DOPA 

Folin and Ciocalteu's phenol reagent 

Freund's Incomplete Adjuvant 

Goat anti-rabbit lgG horseradish 

peroxidase conjugate 

Goat anti-rabbit lgG FITC conjugate 

Glutaraldehyde 

Glycerol 

Glycine GR 

Guaiacol 

Hydrogen peroxide 

L-Aianine 

Laminarin 

L-Phenylalanine 

Methanol 

Bis-Acrylamide 

Company 

Hi Media, India 

E. Merck, India 

SRL, India 

E. Merck, India 

SRL, India 
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Bangalore Genie, India 

SRL, India 

Bangalore Genei, India 

Hi Media, India 

Hi Media, India 

Hi Media, India 

Merck, India 

Hi Media, India 

SRL, India 

Difco Lab., USA 

Bangalore Genei, India 

Sigma, USA 

Sigma, USA 

Merck, India 

Merck, India 

SRL, India 

Merck, India 

Hi Media, India 

Sigma, USA 

SRL, India 

SRL, India 

Hi Media, India 

Contd ... Table 3. 



Table 3: (Contd ... ) Major chemicals used. 

Chemical 

TEMED 

N-Acetyi-D-glucosamine 

Nickel chloride 

0-Dianisidine dihydrochloride 

Phenol reagent 

Polyethelene glycol (PEG) 

Polyvinyl pyrrolidone (PVP) 

Potassium tetraborate 

Riboflavin 

Salicylic acid 

Sodium dodecyl sulphate 

Sodium molybdate 

Sodium tetraborate 

Sorbitol powder 

TMB/H202 

Triton-X-100 

Tween 20 

lmmunogold reagent 
[Affinity isolated aqueous glycerol suspension of 

antirabbit lgG (Whole molecule)-gold (5nm) from 
goat] 

Fluorescent brightener 

Glycol chitosan 

Bovine serum albumin 

Jasmonic acid 

Company 

SRL, India 

Hi Media, India 

Nice, India 

Hi Media, India 

Qualigens, India 

SRL, India 
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Hi Media, India 

Hi Media, India 

Hi Media, India 

Qualigens, India 

Merck, India 

Merck, India 

SRL, India 

Hi Media, India 

Bangalore Genei, India 

Hi Media, India 

Hi Media, India 

Sigma, USA 

Sigma, USA 

Sigma, USA 

Sigma, USA 

Sigma, USA 

TEA ROOT EXTRACT SUPPLEMENTED POTATO DEXTRASE BROTH (TRES

PDBl 

Tea root extract supplemented-PDB was prepared by adding 5 ml root 
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extract to 50 ml potato dextrose broth. Root extract was prepared by crushing 2.0 g 

root of young seedling in 10 ml distilled water. 

OAT MEAL BROTH (OMBl 

Oat meal 

Distilled water 

40 g 

1000 ml 

Powdered oat was boiled in distilled water in a water bath, occasionally 

stirred and strained through cheese cloth. The medium was sterilized at 15 lb p.s.i. 

for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-OAT MEAL BROTH (TRES-OMBl 

Tea root extract supplemented-OMS was prepared by adding 5 ml root 

extract to 50 ml oat meal broth. 

POTATO CARROT BROTH (PCB) 

Grated Potato 

Grated Carrot 

Distilled water 

20 g 

20 g 

1000 ml 

Grated potato and grated carrot were mixed and boiled with distilled water. After 

cooling, the broth was strained through cheese cloth and the medium was sterilized 

at 151b p.s.i. for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-POTATO CARROT BROTH (TRES-PCB) 

Tea root extract supplemented-PCB was prepared by adding 5 ml root 

extract to 50 ml potato carrot broth. 

YEAST EXTRACT GLUCOSE BROTH (YEGBl 

Yeast extract 

Glucose 

Distilled water 

5g 

15g 

1000ml 

Required amount of all the constituents were taken and mixed with required amount 

distilled water. All the constituents were dissolved by stirring and sterilized at 15 lb 

p.s.i. for 15 minutes. 
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TEA ROOT EXTRACT SUPPLEMENTED-YEAST EXTRACT GLUCOSE BROTH 

(TRES-YEGB) 

Tea root extract supplemented-YEGB was prepared by adding 5 ml root 

extract to 50 ml yeast extract glucose broth. 

MALT EXTRACT AGAR (MEBl 

Malt extract 

Distilled water 

20 g 

1000 ml 

Required amount of malt extract was dissolved by boiling in distilled water and 

sterilized at 151b p.s.i. for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-MALT EXTRACT BTOTH (TRES-MEBl 

Tea root extract supplemented-MEB was prepared by adding 5 ml root 

extract to 50 ml malt extract broth. 

CZAPEK DOX AGAR (CDA) 

NaN03 

K2HP04 

KCI 
MgS04, ?H20 

FeS04 

3.00 g 

1.00 g 

0.50 g 
0.50 g 

0.01 g 

Sucrose 30.00 g 
Agar agar 15.00 g 
Distilled water 1 000 mi. 

Initially, all the ingredients except agar and K2HP04 were dissolved. Next, agar was 

added and dissolved by steaming. Finally K2HP04 was added to the molten 

solution, mixed thoroughly and sterilized at 15 lb p.s.i. for 15 minutes. 

RICHARD'S SOLUTION I MEDIUM (RM\ 

KN03 

KH2P04 

MgS04, ?H20 

FeCI3 
Sucrose 
Distilled water 

10.00g 

5.00 g 

2.50 g 

0.02 g 

50.00 g 
1000 ml 
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Required amount of all the constituents were taken and mixed with required distilled 

water. All the constituents were dissolved by stirring and sterilized at 15 lb p.s.i. for 

15 minutes. 

HOAGLAND AND KNOP'S SOLUTION 

KN03 

Ca (N03)2, 4H20 

MgS04, 7H20 

NH4(H2P04) 

MnS04, 4H20 

ZnS04, 7H20 

H3P03 

CuS04, 5H20 

Na2Mo04, 2H20 

H2S04 

FeC60 5H7 5H20 
' 

Distilled water 

0.61 g 

0.95 g 

0.49 g 

0.12 g 

3.00 g 

0.500 mg 

0.5 ml 

0.025 mg 

0.025 mg 

0.5 ~I 

0.2 g 

1000 ml 
Required amount of all the constituents were taken and they were mixed thoroughly 

in distilled water. 

0.2M SODIUM PHOSPHATE BUFFER. PH 6.5 

A. Na2HP04.7H20, 0.2 M = 35.61 gin 1000 ml distilled water. 

B. NaH2P04.2H20 = 31.21 gin 1000 ml distilled water. 

(32 ml of solution A and 68 ml of solution B were mixed and pH was adjusted to 6.5.) 

0.05 M SODIUM ACETATE BUFFER, pH 5.0 

A. 5.77 ml of0.1 M Glacial acetic acid in 1000 ml distilled water. 

B. 13.61 g of Sodium acetate (C2H30 2Na.3H20) in 1000 ml distilled 

water 

(6.4 ml of solution A and 3.6 ml of solution B were mixed and pH was adjusted to 

5.0) 

0.05 M BARBITAL BUFFER, PH 8.6 

Barbutaric acid (1.28g in 200 ml distilled water) adjusted pH with 0.01 M Tris

buffer (1.21 g in 200 ml distilled water) to 8.6. 
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PBS (PHOSPHATE BUFFER SALINE) 0.15 M. PH 7.2 

A. NaH2P04, 23.4g in 1000 ml distilled water 

B. Na2HP04 , 21.29g in 1000 ml distilled water 

(280 ml of solution A and 720 ml of solution B were mixed and pH was adjusted to 

7.2. NaCI (0.8%) and KCI (0.2%) was added to the buffer.) 

0.2 M BORATE BUFFER. pH 8.7 

A. Boric acid, 1.24 gin 100 ml distilled water 

B. Borax, 1.90g in 100 ml distilled water 

(50 ml of solution A and 22.5 ml of solution B were mixed and pH was adjusted 

to 8. 7) 

DINITRO SALICYLIC ACID CONS\ REAGENT 

Dinitro salicylic acid 1.0 g 

Crystal phenol 200mg 

Sodium sulfate 50 mg 

Sodium hydroxide 1.5 g 

Distilled water 100 ml 

By stirring dissolved all the constituents and store the reagent in a stopper bottle at 

4°C. The reagent deteriorates during storage due to atmospheric oxidation of the 

sulphite present. If required to be stored, prepare the reagent without dilution and 

add it just before use (Mahadevan and Sridhar, 1996). 

SILVER ENHANCER SOLUTION KIT (Sigma} 

Solution A (Silver salt) 

Solution B (an initiator) 

2.5% (w/v) Sodium thiosulphate in distilled water. 

PREPARATION OF CHITIN FROM CRAB SHELL 

Crab shell (25g) was washed with distilled water and grinding in 1 N HCI to 

form a paste. Then it was treated with 0.8 N NaOH containing KMn04 for 30 minutes 

and washed with distilled water to obtain clean paste. It was dried at room 

temperature and stored for further use (Berger & Reynolds, 1958). 
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3.5. Growth and physiology of the pathogen Lasiodiplodia theobromae 

3.5.1. Influence of different culture media 

Growth and sporulation of the pathogen was first studied in potato dextrose 

broth (PDB), oat meal broth (OMB), potato carrot broth (PCB), yeast extract glucose 

broth (YEGB) and malt extract broth (MEB). Media (40ml) were prepared in 250 ml 

conical flasks and 15 flasks of each media were inoculated with 4 mm mycelial discs 

taken from advancing zones of mycelia of L. theobromae cultured in PDA plates. The 

flasks were incubated at 28±1 °C. Sporulation and mycelial dry weights were 

recorded at 5 days intervals until 25 days. Subsequently all media were 

supplemented with tea root extract and similar studies were conducted. For 

preparation of root extract, tea roots were washed thoroughly, first with tap water and 

then with distilled water, patted dry with blotting paper and weighed. Clean fresh 

roots were homogenized in distilled water, centrifuged at 3000rpm for 10 min and the 

supernatant was added to the media to get a final concentration of 5 g fresh weight 

of tea root in 1 OOml media. 

3.5.2. Assessment of growth and sporulation 

For assessing the growth of the fungus, mycelial mat was harvested after the 

required incubation period, strained through cheesecloth, blotted and taken in pre

weighed aluminium foil. The foils were dried at 60°C for 24 h and dry weight was 

recorded. For estimation of sporulation, a small portion of rnycelia was mounted in 

facto-phenol and observed under compound microscope. 

3.5.3. Influence of light conditions 

The fungus was allowed to grow in 40 ml tea root extract supplemented-PDB 

medium taken in 250 ml Ehrlenmeyer flasks under three different light conditions: 

alternate 12h light and dark, 24h light and 24h dark periods. The flasks were 

inoculated in triplicate with 4 mm mycelial discs and the extent of sporulation and 

mycelial dry weight were recorded after 15 days of incubation at 28 ± 1°C. 
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3.5.4. Influence of different pH 

Tea root extract supplemented-PDB medium (40 ml taken in 250 ml 

Ehrlenmeyer flasks) was adjusted to different pH, ranging from 2.5 to 8.5, by adding 

1 N HCI or 1 N NaOH. Following inoculation with 4 mm mycelial discs, the flasks were 

incubated at 28 ± 1°C. Each treatment was replicated thrice. Mycelial dry weight and 

sporulation was recorded after 15 days. 

3.5.5. Influence of temperature 

Tea root extract supplemented-PDB (40 ml) in 250 ml conical flasks were 

inoculated with 4 mm mycelial discs and incubated at different temperatures (4°C-

400C at intervals of 4°C) taking 3 flasks for each temperature condition. Mycelial dry 

weight was recorded after 15 days of incubation. 

3.6. Inoculation with pathogen and disease assessment 

3.6.1. Leaf inoculation technique 

Following the whole plant inoculation method of Dickens and Cook (1989), 

nursery tea seedlings (raised through seed germination) were treated with the test 

pathogen. Inoculation was done by spraying conidial suspensions (1 x1 o6 conidia/ml) 

prepared from 15 days old cultures of test pathogen grown on sterile tea root extract 

supplemented potato dextrose agar slants. In control set plant were sprayed with 

sterile distilled water. The plants were kept for 48 hours in glass chamber to maintain 

high humidity. 

3.6.2. Root inoculation technique 

Disease assessment of root was done on the basis of visual observation of 

lesion on roots after 4, 8, 12, 16 days of inoculation as described by Kobriger et at. 

(1998) with some modifications. Seven tea seed varieties (TS-449, TS-520, TS-491, 

TS-463, TS-489, TS-464 and TS-506) were taken for pathogenicity test of L. 

theobromae on roots to determine root disease index. In the beginning of the 

experiment sterile seedbeds were prepared. To prepare sterile seed bed a plastic 

pot (1 0 em in diameter) was filled up with 500g soil with adequate water for 
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moisturizing the bed, covered with polythene sheet and autoclaved at 1.5 lb pressure 

for 30 minutes. After cooling, polythene cover of the pots were removed. Tea seeds, 

5 to 7 in nos. per pot were sown in 2-3 em depth in the sterile seed bed. The pots 

were watered regularly and allowed to raise seedlings. Seedlings of the pots were 

inoculated with conidial suspension (1 x1 o6 conidia/ml) prepared from 15-days old 

culture of Lasiodip/odia theobromae, grown in sterile tea root extract supplemented 

potato dextrose agar (TRES-PDA) slants. 

3.6.3. Leaf disease assessment 

Twenty plants of each variety were inoculated in the treatment. Seven tea 

seed varieties (TS-449, TS-520, TS-491, TS-463, TS-489, TS-464 and TS-506) of 6 

month old were taken for the test. 

The number of lesions developed on the leaves after 4, 8, 12 and 16 days of 

inoculation were counted and diameters of each lesion were measured. The results 

were computed following the method of Sinha and Das (1972). The diameters were 

categorized into four groups and a value was assigned to each group as follows: 

•!• Very small-restricted lesions of 1-2 mm diameter: 0.1 

•!• Lesions with sharply defined margins of 2-4 mm diameter: 0.25 

•:• Slow spreading lesions of 4-6 mm diameter: 0.5 

•!• Spreading lesions of variable size (beyond 6 mm in diameter) with diffused 

margin: 1.0 

The number of lesions in each group was multiplied by the value assigned to it and 

the sum total of such values was noted and disease index was computed as the 

mean of observations on fifteen plants per treatment. 

3.6.4. Root disease assessment 

Root diseases were assessed following the method of Kobriger et a/. (1998). 

Fifteen viable tea seeds were taken for each varietals test. Following inoculation, tea 

seedlings were sampled after 4, 8, 12 and 16 days. The whole experiment was 

performed in a glass chamber to maintain high humidity. Severity of the symptoms 

was graded into five disease classes (0- 4) (Table 4). The seedlings were uprooted 
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carefully and graded as mentioned bellow. Mean values of the 15 plants were 

considered as mean root disease index (Table 5). 

Table 4: Disease classes of tea roots after infection with Lasiodiplodia theobromae. 

Disease 

classes 
Feature of lesion 

0 indicates no disease lesion on root 

1 indicates slightly affected brown lesion on roots 

2 indicates deep brown lesion on roots 

3 indicates severe browning of roots turn to blackish 

4 indicates completely damaged roots with black lesions 

Table 5: Procedure of calculating root disease index after infection with 
Lasiodiplodia theobromae. 

Disease classes (DC) 

Variety After 16 days of inoculation with L. 

theobromae 

0 1 2 3 4 

TS-449 Pot# 1 (5 seedlings) 0 2 2 2 1 

Plant (P) per Pot# 2(5 seedlings) 0 1 1 1 2 

class Pot# 3(5 seedlings) 0 2 2 2 1 

0 5 7 5 4 

Total plants (T) 0+3+4+4+4 

PxDC 0 3 8 12 16 

~ (P x DC) 0+3+8+12+16 

Disease Index = [~(P X DC) X 100]/ (T X 4) 65.0 

3.7. Antigen preparation 

Tea root antigens: The protein extraction procedure of Alba and DeVay (1985) and 

Chakraborty and Saha (1994b) were followed in order to extract root antigens from 

young tea seedlings. Fresh, roots of the required varieties of tea were collected and 
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kept for 2 hours at -20°C. The cold roots (20 g fresh weight in each case) were 

grounded in pre-chilled mortar at 4°C with 20 g of insoluble polyviny/pyrro/lidone 

(PVP). The root paste was suspended in cold 0.05 M sodium phosphate buffer (pH 

7.0) containing 0.85% sodium chloride and 0.02 M ascorbic acid. The root slurry was 

strained through muslin cloth and centrifuged at 4°C for 30 minutes at 12,100 g. The 

supernatants were collected and ammonium sulphate was added at 4°C to 100% 

saturation under constant stirring, kept overnight at 4°C and finally centrifuged at 4°C 

for 15 minutes at 12,100 g. The precipitate obtained was dissolved in cold 0.05 M 

sodium phosphate buffer (pH 7.0) and was dia/ysed against 0.005 M sodium 

phosphate buffer (pH 7.0) for 24 hours at 4°C with 10 changes. After dialysis, the 

preparation was centrifuged at 4°C for 15 minutes at 12,100 g and supernatant was 

stored at -20°C until required. 

Antigens from leaf and stem: In case of leaf antigens fresh young tea leaves of the 

required varieties of tea were collected from experimental garden washed thoroughly 

with cold water and kept for 2h at -20°C. Similarly for stem antigens, stems of 

required varieties were collected from young plants (6 to 9 months old) from 

experimental garden. The stems were washed thoroughly with cold water and kept 

for 2 h at -20°C. Antigens of leaf and stem were extracted following the technique as 

followed in case of extraction of root antigen. 

Fungal mycelial antigens: Mycelial antigens of Lasiodip/odia theobromae were 

prepared to raise antisera following the method as described by Chakraborty and 

Saha (1994b) with some modifications. Mycelial discs (4 mm diameter) were 

transferred to 10 Ehrlenmayer flasks of 250 ml capacity, each containing 50 m/ of 

sterilized PDB medium and incubated at 28± 2°C. After 15 days, the fungal mycelia 

were harvested, washed with 0.2% sodium chloride and rewashed with sterile 

distilled water. Washed mycelia (25 g fresh weight) were homogenized with 0.05 M 

sodium phosphate buffer (pH 7.4) containing 0.85% sodium chloride in a mortar and 

pestle with sea sand and kept overnight at 4°C. The homogenates were then 

centrifuged at 4°C for 30 minutes at 12,100 g. The supernatant was equilibrated to 

100% saturated ammonium sulphate under constant stirring and again kept 

overnight at 4°C. Next the mixtures were centrifuged at 4°C for 30 minutes at 12,100 

g. The supernatants were discarded and precipitates were dissolved in cold 5ml 0.05 
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M sodium phosphate buffer (pH 7.4 ). The preparations were dialyzed for 24 hours at 

4°C against 0.005 M sodium phosphate buffer (pH 7.4) with 10 changes. After 

dialysis, the preparations were centrifuged at 4°C for 15 minutes at 12,100 g and 

supernatant was stored at -20°C until further use. Protein content of both the plant 

and fungal antigens were determined following the method of Lowry el a/. (1951) 

using bovine serum albumin (BSA) as standard. 

3.8. Immunization of rabbits and collection of sera 

Antisera were prepared against the antigens of TS-449 and L. theobromae by 

giving intramuscular injections (1 ml) of antigens emulsified with equal volume of 

Freund's complete adjuvant (Plate IV). The doses were repeated at 7 days intervals 

with Freund's incomplete adjuvant for six consecutive weeks. Final protein 

concentration was 2 mg/ml in the emulsion. On the fourth day after the last injection, 

the blood samples were collected and antisera were prepared. 

Blood from rabbits was taken by puncturing the marginal ear vein. At first the 

rabbits were taken out from the cage, placed on a table and the hairs were removed 

from the vein of the ear with a sterilized blade and were disinfected with rectified 

spirit. After irritation of the ear with xylene, an incision was made with a sharp 

sterilized blade on the border vein of the ear and about 1 0 ml blood was collected in 

a sterile glass graduated tube. After taking the desired quantity of blood precautions 

(adhesive surgical tapes etc.) were taken to stop the flow of the blood from the 

punctured area of the ear. The blood samples were kept undisturbed for an hour at 

35-37°C for clotting. In order to avoid the loss of serum included within the clot, it 

was loosened from the glass surface by turning a sterile wooden stick around the 

glass near the glass wall. Finally normal sera (pre-bleed sera) as well as antisera 

were clarified by centrifugation at 4°C for 10 minutes at 3000 g and were distributed 

in sterile cryo-vials and stored at -20°C until required. In addition to rabbit normal 

sera goat normal sera was also prepared in the same way for immunogold lebeling. 

Titres of antisera: Titres of antisera against the homologous antigens and titres of 

antigens against homologous antisera were determined following immunodiffusion 

technique as described by Ouchterlony (1967) and Clausen (1969). A constant 

amount (5 ~I) of undiluted antiserum or antigen was placed in the central well, while 
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fig. a : New Zealand white male rabbit (Approximately 8 month old & 1.6 Kg . 
Body weight). 

fig. b :Administration of intramuscular injection in rabbit. 

fig. c :Ear vein puncture. 

fig. d :Collection of blood. 
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diluted antigens or antisera (diluted with normal saline with ratios 1:1, 1:2, 1:4, 1:8, 

1:16, 1:32, 1:64 and 1:128, respectively) were pipetted into the outer well. Diffusion 

was allowed for 48-72 hours at 25°C in a humid chamber. Titre was expressed as 

the reciprocal of the highest dilution of antiserum or antigen that reacted with antigen 

or antiserum giving precipitin lines. 

3.9. Evaluation of antisera for presence of cross-reactive antigens (CRA) 

3.9.1. Immunodiffusion (10) 

Agar gel double diffusion test was performed following the method of 

Ouchterlony (1958). Barbital buffer (50 ml, 0.05 M, pH 8.6) was taken in a100 ml 

Ehrlenmayer flask and was placed in a boiling water bath. Agarose (0.4g) was mixed 

with hot barbital buffer. The buffer-agarose mixture was carefully placed on water 

bath. Finally a clear molten agarose solution was prepared. The solution was then 

mixed with 0.1% (w/v) sodium azide (a bacteriostatic agent). The agarose solution 

was dispensed carefully in clean and dry square and rectangular glass plates of 6 

em X 6 em and 6 em X 3 em respectively so that no air bubble was trapped in the 

agarose medium to avoid asymmetrical diffusion. Before dispensing, the glass plates 

were washed with extran solution and water and then the glass plates were serially 

dipped in 90% ethanol, ethanol:ethyl ether (1 :1, v/v) and ether for removal of grease, 

if any. The glass plates were placed inside sterile petridishes. When the agarose 

solution was solidified, 3 to 6 wells of 5 mm diameter were cut using a sterile cork 

borer. The distances of the peripheral wells from the central wells were 5-7 mm. The 

antigens, normal sera and undiluted antisera were placed with a micro pipette 

directly into the appropriate wells and diffusion was allowed to continue in a humid 

chamber at 25°C for 48-72 hours. The precipitation reaction was observed after 

proper staining of the slides only in cases where common antigens were present. 

3.9.2. Immunoelectrophoresis (IE) 

For immunoelectrophoresis rectangular glass pieces (8 em X 3.5 em) were 

made grease free as mentioned earlier in section 3.13.1. The slides were dried and 

placed on a clean surface. Thin and uniform layers (2 mm thick) of fluid agarose 

medium (0.8%), containing 0.1% sodium azide in 0.05 M barbital buffer (pH 8.6) 

were dispensed on each slide, taking care so that no air bubbles were trapped in the 
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agarose medium. This was necessary in order to avoid irregularity that may cause 

asymmetrical migration and diffusion during later stages. Finally, the slides were 

stored at 4 °C in petridishes and used within 24 hours. 

The agarose coated slides were placed in the middle compartment of the 

electrophoretic platform and two central wells of 4 mm diameter were dug out from 

each slide. The anode and cathode chambers were filled with 0.05 M barbital buffer 

(pH 8.6). Different antigens were placed into separate wells. Bromophenol blue was 

used as marker for tracing the electrophoretic movement of the antigens. Filter paper 

(Whatman-1) strips were soaked in buffer and placed on both ends of the slides, 

which connected the buffer solution of anode and cathode compartments with the 

agarose surface of the slides. An electric current of 2.5 mAmp/slide; 10 V/cm was 

passed through the slides for two hours in cold (4°C) conditions. When the 

bromophenol blue marker reached near the short edge of the glass slides the current 

was discontinued and the glass slides were taken out. 

A longitudinal trough parallel to the long edge of the slides was cut between 

the two central wells of the agarose surface and undiluted antiserum was placed into 

the trough. Diffusion was allowed to continue for 24-48 hours in a moist chamber at 

25°C. Precipitation arcs if formed were recorded. 

Staining, destaining and washing of slides: After immunodiffusion and 

immunoelectrophoresis the glass slides were washed with 0.9% aqueous sodium 

chloride carefully for 48 hours to remove all the un-reacted antigens and antisera 

widely dispersed in the agarose surface. Following that the slides were washed with 

distilled water for three hours to remove the sodium chloride and dried at 40°C for 30 

minutes. Next, the slides were stained either with 0.5% coomassie blue or 0.5% 

amide black (0.5g coomassie blue/amide black, 5 g HgCI2 and 5 ml glacial acetic 

acid dissolved in 95 ml distilled water) for 30 minutes at room temperature, washed 

thrice with 2% v/v acetic acid for three hours (one hour each time) to remove the 

excess stain. Finally the slides were washed with distilled water and dried at 40°C for 

30 minutes. 
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3.10. Screening of commercially cultivated tea varieties by indirect 

ELISA 

Combining the methods of Koeing and Paul (1982) and Talbot (2001 ), 

indirect ELISA was performed. At first antigens were diluted with coating buffer 

[carbonate buffer (0.1 M), pH 9.6] and 100 ~I of each diluted antigens were placed 

on the wells of a flat bottomed micro titre ELISA plate (Tarsons) except one well 

which was considered as blank. The plate was incubated overnight at 4°C in 

refrigerator. After incubation, the plate was taken out and each well of the plate was 

flooded with phosphate buffer saline (PBS)-Tween (0.15 M PBS + 0.8% NaG! + 

0.02% KCI + 0.05% Tween 20) and washed thoroughly for four to five times. After 

washing the plate was dried in air. Following this, 100 ~I of PBS-BSA (0.15 M PBS 

containing 1% BSA) was added to each well to coat all the unbound sites. The plate 

was incubated for 2 hours at room temperature. After incubation, the plate was 

again washed with PBS-Tween and air-dried. After this, 100 ~I of diluted antisera 

(diluted with PBS-Tween) were added to each well except the blank and the control 

wells where normal sera were added (serially diluted with PBS-Tween containing 

0.5% BSA). The plate was incubated overnight at 4°C. In the next day, thorough 

washing of the plate was done with PBS-Tween. After washing and drying, 100 ~I 

(1 :1 0000) goat-anti rabbit lgG-Horse radish peroxidase conjugate was added to each 

well except the blank and the plate was incubated for 2 hours at 30±2°C. After 

incubation, the plate was again washed with PBS-Tween and shaken dry. Then 100 

~I (1 :20) of tetramethyl benzidine/hydrogen peroxide {TMB/H202), a chromogenic 

substrate was added to each well except the blank. After addition of substrate, a blue 

colour was produced due to the reaction between the enzyme and the substrate. 

Finally, the reaction was terminated after 30 min by adding 100 ~I of 1 N H2S04 to 

each well except blank. Absorbance values were recorded in an ELISA reader (Mios 

Junior, Merck) at 492 nm. 
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3.11. Cellular location of CRA 

3.11.1. Immunofluorescence (IF) staining of host and pathogen 

The technique as described by DeVay et a/. (1981 a) was followed with some 

modifications. Thin, uniform, cross sections (0.5mm in diameter) of roots (used as 

antigens) were cut using blade, placed into the sterile microscopic slides containing 

albumin. After adhering, the sections were treated with 95% ethanol-ethyl ether (1 :1 

v/v) for 10 minutes at room temperature for fixing. Next, the slides were treated with 

95% ethanol for 20 minutes at 37°C. The fixed root sections were then flooded with 

normal sera or with ten-fold dilution (diluted with 0.01 M potassium phosphate buffer, 

pH 7.0, containing 0.14 M sodium chloride) of appropriate antisera. The slides were 

then incubated for 30 minutes within a moist chamber. After incubation, the slides 

were washed with PBS (pH 7.2) for 2-3 times and air-dried. Following that, the 

diluted (diluted with carbonate-bicarbonate buffer, pH 9.6 in 1 :40 dilution) goat-anti 

rabbit JgG conjugated with fluorescein isothiocyanate (FJTC) was added and the 

slides were kept in the dark. The treatment of goat-anti rabbit JgG conjugated with 

fluorescein isothiocyanate (FJTC) and further steps were performed in a dark room. 

After 30 minutes, the slides were again washed twice with PBS and once with 

distilled water and air-dried. Finally, the slides were mounted in a glycerol based 

mounting medium (Hardham et a/., 1986) and a cover glass was placed on the root 

section and sealed. The slides were observed in a fluorescence microscope (Leitz, 

German). Photographs were taken with a Leica Wild MPS 48 camera on Fuji BOO 

ASA photographic film. 

3.11.2. lmmuno gold labeling and silver enhancement of host and 

pathogen 

Fresh healthy roots of tea seed varieties were collected and washed 

thoroughly. The roots were kept at 4°C before use. Thin uniform cross sections of 

roots were cut, placed into clean grease free slides. Water drops (1 001JI) were 

mounted on each section. The slides were incubated in cold for 30 minutes and then 

excess water surrounding the sections was blotted off. Thirty microlitre of blocking 

buffer (D. 15M PBS pH 7.2 containing 5% normal sera of goat) was placed on the 
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sections and incubated for 10 minutes. Excess solution was wiped off and primary 

polyclonal antibody (1 :50 dilution) raised in rabbit against antigens were applied on 

the sections and incubated overnight at 25°C. After incubation the sections were 

carefully rinsed in 0.15 M PBS (pH 7.2) for 4 minutes. Excess buffer was poured off 

by tilting the slide slightly. After this 1 001-JI of diluted (1 :50) immunogold reagent 

(Sigma, USA) was used in each slide and allowed to incubate for 1 hour. After 

incubation the sections were again rinsed for 4 minutes with PBS. Excess buffer was 

poured off and the sections were fixed in 2001-JI of PBS-glutaraldehyde (2.5% 

glutaraldehyde solution in PBS) for 15 minutes. The sections were rinsed in distilled 

water and placed on slides for silver enhancement. Silver enhancement kit of Sigma 

Product No. SE-1 00 was used. Initially solution A (silver salt) and solution B (an 

initiator) were mixed (1 :1) according to the manufacturer's instruction. Mixed solution 

(1 00 IJI) was used to flood each section. After 5 minutes of incubation the cross 

sections were washed with distilled water. Distilled water was poured off and 1 001-JI 

of sodium thiosulphate solution (2.5% aqueous) was placed on the sections and 

allowed to incubate for 3 minutes. The sections were again washed in distilled water 

and mounted on slides with a drop of distilled water. Immediately after staining 

photographs were taken using binocular light microscope (Unicon, India) using digital 

camera (Canon, A310) with appropriate attachment system. 

This test was performed to determine cellular location of cross-reactive 

antigens and homologous antigens using immunogold labeling tools. For this 

experiment young roots of two tea seed varieties, susceptible (TS-449) and resistant 

(TS-491) of 6 month old plants were taken. To determine cellular location of cross

reactive antigens and homologous antigens two different antisera, 449A and L TA 

raised against the antigens of TS-449 (449a) and Lasiodiplodia theobromae (L Ta) 

were used. 

3.12. Application of inducers 

3. 12. 1. Application of abiotic inducers 

Freshly prepared abiotic inducers (NiCI2 , 10-4M; Salicylic acid, 10-2M; 

Jasmonic acid, 1 a-2M) was applied on lower leaves of tea plants of 6 months old, 

using hand sprayer leaving 3-4 topmost leaves. The treated plants were marked by 
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tagging. After inducer treatment, upper leaves were challenge-inoculated with 

conidial suspension (1x106conidia/ml) of Lasiodiplodia theobromae. Two 

corresponding control sets (treated-uninoculated and untreated-uninoculated) were 

also maintained for each treatment to compare the observed results. The whole 

experiment was performed in a glass chamber to avoid any contamination. 

Untreated and uninoculated upper leaves were sampled after Od, 1 d, 2d, 3d and 4d 

following inoculation. 

3. 12. 2. Application of biotic inducers 

Inocula of wheat grains of plant growth promoting fungi (PGPF) like 

Trichoderma harzianum and T. virens, were prepared as follows: Autoclaved wheat 

grains medium (wheat grains, 1 OOg; calcium sulphate, 35g; calcium carbonate, 3.5g 

in 250ml flask) were inoculated with mycelium of each PGPF isolate of 10 days old 

culture and allowed for incubation. After 10-12 days of incubation at 25°C, the 

completely colonized wheat grains were air dried at 22-25° C. The dried wheat 

grains inocula were ground to 1- to 2-mm particle size for use. 

The prepared wheat grains inocula (25g) were mixed with 1 kg-potted soil of 

tea plants of 6 months old carefully without damaging roots. After mixing of inocula in 

potted soil, lower tea leave were challenge-inoculated with conidial suspension 

(1 x1 06conidia/ml) of Lasiodiplodia theobromae leaving 3-4 top most leaves. Two 

corresponding control sets (treated-uninoculated and untreated-uninoculated) were 

also maintained for each treatment to compare it. The whole experiment was 

performed in a glass chamber to avoid contamination. Untreated and uninoculated 

upper leaves were sampled after Od, 1 d, 2d, 3d and 4d following inoculation. 

3. 12. 3. Application of plant extracts as inducers 

Some plant materials were collected (Plate V) from nearby areas. Freshly 

harvested leaves (500g) were crushed in 1 L distilled water using mortar and pestle 

at 4°C. The crushed slurry was strained through muslin cloth and stored at 4°C for 

treatment of plants. Aqueous leaf extracts were applied on lower leaves of tea plants 

of 6 months old using hand sprayer leaving 3-4 topmost leaves. The treated plants 

were labeled accordingly. After leaf extract treatment, treated lower leaves were 
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l§ijijj Plants used for extraction of botanicals. 

Fig.a: Catharanthus roseus. 

fig.b: Acalypha indica. 

fig.c: Azadirachta indica. 
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inoculated with conidial suspension (1x106conidia/ml) of Lasiodiplodia theobromae. 

Two corresponding control sets (treated-uninoculated and untreated-uninoculated) 

were also maintained for each treatment to compare. The whole experiment was 

performed in a glass chamber to avoid contamination. Untreated and uninoculated 

upper leaves were sampled after Od, 1 d, 2d, 3d and 4d following inoculation by L. 

theobromae. 

3.13. Assay of Phenylalanine ammonialyase (PAL) 

PAL activity was determined as the rate of conversion of L- phenylalanine to 

trans-cinnamic acid at 290 nm as described by Sadasivan & Manickam, 1996. For 

PAL activity, leaf tissue (1 g) was homogenized in 5ml of 0.25 M borate buffer, pH 8. 7 

containing 0.1 g insoluble polyvinylpyrrolidone (PVP) in a morter and pestle at 4 °C. 

The homogenate was filtered through muslin cloths and centrifuged at 12000g at 4°C 

for 15 minutes. The yellowish green supernatant was used as crude enzyme extract. 

The reaction mixture containing 0.2 ml of distilled water and 1.0 ml of 0.1M L

phenylalanine were incubated at 30° C for 30minutes. The reaction was stopped by 

addition of 0.5 ml of 1M Trichloroacetic acid. The absorbance at 290 nm was 

recorded by using a UV-VIS Spectrophotometer (Systronics, Model no.118, India). 

Enzyme activity was expressed on fresh weight basis (J.lmol min-' g-1 using trans

cinnamic acid as standard). 

3.14. Assay of Polyphenol oxidase (PPO) 

Polyphenol oxidase activity was determined following the procedure as 

suggested by Sadasivan & Manickam, 1996. One gram of tea leaves were 

homogenized in 5.0 ml of 50 mM Tris-HCI buffer, pH 7.2 containing 0.4 M sorbitol 

and 1.0 mM NaCI. The homogenate was centrifuged at 12000g at 4°C for 10 minutes 

and supernatant was considered as enzyme source for polyphenol oxidase. In a 

cuvette 2.5 rnl of 0.1 M sodium phosphate buffer, pH 6.5 and 200 J.!l of the extracted 

enzyme was mixed. The cuvette was placed in a UV-VJS spectrophotometer 

(Systronics, Model no.118, India) and the initial reading was adjusted to zero at 495 

nm. Three hundred J.!l of 0.01 M catechol was added to the cuvette and the changes 

in absorbance were recorded at 1 minute intervals upto 5 minutes. The enzyme 
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activity was expressed as change in absorbance. Enzyme activity = K x (AA min·') 

11mol min·' g·' fresh weight tissue (K= 0.272 for polyphenol oxidase). 

3.15. Assay of chitinase 

3.15.1. Estimation of chitinase 

The colorimetric assay of chitinase was carried out according to the 

procedure developed by Mahadevan and Sridhar, (1982). Colloidal chitin was 

prepared as per the method of Berger and Reynolds, (1958). One gram of tea leaves 

were extracted in 5.0 ml of 0.1 M sodium acetate buffer, pH 5.2 containing 700mg of 

PVP using mortar and pestle in cold condition. The homogenate was filtered by 

using four layered muslin cloth, centrifuged at 1 OOOOg for 10 minutes and the 

supernatant was used as crude enzyme source. The assay mixture consisted of 

0.5ml crude enzyme, 0.25ml of 0.1 M sodium acetate buffer, pH 5.2 and 1 ml colloidal 

chitin (1.8mg/ml) incubated at 37° C for 2h. One ml of reaction mixture was taken 

and then 1 ml of distilled water was added to it. The mixture was boiled for 10 

minutes and centrifuged at 5000g for 3 minutes to stop the reaction. One ml of the 

supernatant was added to 0.1 ml of 0.8M potassium tetra borate and boiled exactly 

for 3 minutes. Then hot mixture was cooled and added to 3ml of para-di-methyl 

amino benzaldehyde (DMAB) reagent. Samples were incubated again at 37°C for 20 

minutes. Immediately after incubation the mixture was cooled and absorbance was 

recorded within 10 minutes at 585 nm in a UV-VIS Spectrophotometer (Systronics, 

Model no.118, India). Enzyme activity was expressed on fresh weight basis ( mg . 

. h-1 g-1
) using N-Acetyi-D Glucosamine as standard. 

3.15.2 Chitinase activity by chitin supplemented plate method 

Chitinase activity was determined following the procedure of Bargabus eta/., 

2002. Ten ml of 0.01 M sodium phosphate buffer, pH 5.0 containing 1% agarose and 

0.1% glycol chitin was boiled for 5 minutes. The boiled mixture was then poured in 

sterile glass petriplate (90mm in diameter) and allowed to solidify. After solidification 

six wells (3. 0 mm in diameter) were excised from the agarose using sterile cork 

borer. Crude enzyme extract (200fJI) extracted from different treated tea plants were 

loaded into the five different wells and were marked to assign corresponding extract. 
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To compare the activity of chitinase one well was loaded with untreated-uninoculated 

crude enzyme extract as control. The plates were inocubated at 37°C for 2 days. 

After incubation, 50 ml of 500mM Tris-HCI buffer, pH 8.9 containing 0.01% 

fluorescent brightner-28 was added to each plate and incubated for 10 minutes. The 

plate was then quickly rinsed three times with water and destained overnight in the 

dark. Non-fluorescent lytic regions on a fluorescent background were measured after 

placing the plates on an UV-Iight source. Chitinase activities were measured by 

diameter and by visual observation of intensity of the lytic zones. Enzyme activities 

of the lytic zones were expressed by four different intensity grades like: + = very low, 

++=low, +++=high, ++++=very high. 

3.16. Assay of 13-1 ,3-glucanase 

Activity of P-1,3-glucanase was calorimetrically assayed by the laminarin

dinitrosalicylate method (Pan eta/., 1991). One gram tea leaves were extracted with 

5.0ml of 0.05M sodium acetate buffer, pH 5.0. Extraction was done in a pre-chilled 

morter and pestle. The extract was centrifuged at 1 OOOOg at 4° C for 15 minutes. The 

supernatant was used as crude enzyme extract. The crude enzyme extract of 15.6 J.!l 

was added to 15.6 J.!l of 4% laminarin (Sigma, USA) and then incubated at 40° C for 

10 minutes. The reaction was stopped by addition of 94 J.!l of dinitrosalicylic acid 

reagent followed by heating for 5 minutes on a boiling water bath. The final colored 

solution was diluted with 1.0 ml of distilled water and absorbance was recorded at 

500 nm in a UV-VIS Spectrophotometer (Systronics, Model no.118, India). Enzyme 

activity was expressed on fresh weight basis (nmol min-' mg-1
) using 0-Giucose as 

standard. 

3.17. Assay of Peroxidase 

Peroxidase activity was determined according to the procedure given by 

Hammerschmidt et a/., 1992. One gram leaves were extracted in 5.0ml of 0.1 M 

sodium phosphate buffer, pH 6.5. The extraction was done in a pre-chilled morter 

and pestle at 4°C. The homogenate was filtered through muslin cloth and the filtrate 

was centrifuged at 6000g at 4°C for 20 minutes. Supernatant was considered as 

enzyme source. In a cuvette, 1.5 ml of 0.05M guaiacol and 100 J.!l of extracted 
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enzyme was mixed. The cuvette was placed in a UV-VIS spectrophotometer 

(Systronics, Model no.118, India) and the initial reading adjusted to zero at 420 nm. 

One hundred 111 of H20 2 (1% v/v) was added to the cuvette and the changes in 

absorbance were recorded at 1 minute intervals upto 5 minutes. The changes in 

absorbance (l1A 420 min-1 g-1 fresh weight) of 0.001 were considered as unit of 

enzyme activity. 

3.18. Polyacrylamide gel electrophoresis (PAGE) 

Enzyme patterns of tea plants were determined by polyacrylamide gel 

electrophoresis (PAGE) following the method of Davis (1964) with modification. 

Clean gel cassette (1 Ox1 Ocm) with spacer (1.5 mm in breath) was used for gel 

casting. Mixture of working gel solution was prepared as follows: 

Lower gel (1:11:111 = 1:1:1) Upper gel (IV:V:VI = 2:1:1) 

Solution 1: Acrylamide, 30g; Bis- Solution IV: Acrylamide, 5g; Bis

acrylamide, 0.8g; Distilled water, 1 OOml acrylamide, 1.25g; Distilled water, 1 OOml 

Solution II: Tris, 18.15g; (N) HCI, 24.0ml; Solution V: Tris, 2.10g; (N)HCI, 13.0ml; 

TEMED, 24.0ml; Distilled water, 1 OOml Distilled water, 86.8ml 

Solution lll:Ammonium peroxidisulphate, Solution VI: Riboflavine, 2mg; 2M 

60mg; Distilled water, 1 OOml (Prepared Sucrose, 1 OOml 

freshly) 

Lower gel solution was poured slowly into the gel casting chamber up to a 

height of ?em and a drop of water was placed on the top of the lower gel solution to 

make a plain surface on to the top. The gel was kept as such until solidification. 

Water drop was soaked with filter paper and the lower gel was over layered with the 

upper gel solution. Comb was dipped in the upper gel solution leaving a gap of 1 em 

between the two gels and kept in bright fluorescent light until the gel solidified. After 
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solidification the comb was removed and the gel with cassette was fitted on to the 

upper and lower reservoir. 

Soluble protein (4mg lane-') was added to an equal volume of glycerol and a 

trace of bromophenol blue and eventually loaded in the gel lane. Gel running buffer 

(Tris, 6.0g; Glycine, 28.8g; and Distilled water, 1 L), pH 8.4 was poured into both the 

upper and lower buffer reservoirs. The whole set was incubated at 4°C, supplying a 

constant current of 2 Amp per lane for 3-4 hours until the dye front reached near the 

bottom of the gel column. 

3.19. Analysis of isozymes patterns 

3.19.1. Polyphenol oxidase 

After electrophoresis protein gel was incubated in 0.1 M phosphate-citrate 

buffer, pH 7.0 for 10 minutes. Following incubation gel was transferred in 0.01M DL

DOPA dissolved in the same buffer (phosphate-citrate buffer) under proper aeration 

until the bands developed (Mahadevan and Sridhar, 1996). Relative front (R1) values 

of the developed bands were determined. Photograph of enzyme bands were taken 

using camera (Canon Power shot A31 0). 

3.19.2. 13-1 ,3-glucanase 

For detection of 13-1 ,3-glucanase isoforms, enzyme extracts (3.0 (Jg lane-') 

were separated using acidic PAGE, in running buffer, pH 3.8 containing L-alanine. 

Staining procedure of Bargabus et a/., 2002 was followed for 13-1 ,3-glucanase 

specific staining. The separated gels were incubated in 100 ml of 0.1 M citrate buffer, 

pH 4.8 containing 250 mg laminarin at room temperature for 20 minutes. The gel 

was then transferred to 0.1% Congo-red and incubated overnight with constant 

shaking at room temperature. After 24 hour gels were transferred to distaining 

solution (1M NaCI) and incubated overnight at roorn temperature. 13-1 ,3-glucanase 

activity was visualized as yellow-orange bands on a reddish-purple background. 

Relative front (Rr) values of the developed bands were determined. Photograph of 

enzyme bands were taken using carnera (Canon Power shot A31 0). 
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3.19.3. Peroxidase 

To determine peroxidase isoforms crude enzyme extracts (4mg lane-') was 

separated by polyacrylamide gel electrophoresis as described in section-3.16. After 

the electrophoresis step, the gel slabs were subjected to peroxidase specific staining 

procedure as described by Patel and Anahosur (2001). The gel slabs were placed in 

staining solution containing 0.25% guaiacol for 45 minutes. After incubation gel was 

transferred in 0.3% H20 2 solution and incubated for 15 minutes. Reddish brown 

bands of peroxidase appeared gradually. Gels were fixed in 50% glycine solution. 

Molecular weights of the bands were determined by standard protein molecular 

weight markers. Photograph of enzyme bands were taken using camera (Canon 

Power shot A31 0). 

3.20. Statistical analysis 

Statistical analysis was done with the help of Smith's statistical 

package(Version 2.5), developed by Dr. Gray Smith, Pomona college, Claremont-

91711, USA and Statistical package for the social sciences(SPSS), Version, 11.0, 

SPSS Inc., Chicago, Illinois. 



Experimental 
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Chapter I 

4.1. Studies on morphology and physiology of Lasiodiplodia 

theobromae 

Lasiodiplodia theobromae affects roots, stems and leaves of tea plants of all 

ages (Sarmah, 1960; Chandramouli, 1999; Singh, 2005). It particularly causes 

severe damage in the nurseries of tea gardens where seedlings are raised. Conidia 

were initially hyaline, unicellular and sub-ovoid to ellipsoidal. Mature conidia were 

two-celled, cinnamon to dark brown, thick walled and often with longitudinal 

striations, 18-30 x 10-15 !Jm in size (Sutton, 1980; Khanzada eta/., 2004). This 

fungus has a wide host range. It attacks more than 280 species of plants in different 

parts of the world (Domsch eta/., 1980; Sutton, 1980). Mycelia colonies were initially 

white, soon becoming black and fast-spreading with immersed and superficial, 

branched, septate mycelium. Shiny black pycnidia were produced on the surface. 

The morphological characters for pycnidia and conidia were similar (Sutton, 1980) 

(Plate VI). For conducting studies on behaviour of the fungus, it was necessary to 

culture the fungus in artificial media. Inoculum production in the form of spores was 

found difficult in the routine fungal culture media. A literature search showed that 

studies on the environmental and nutritional requirements of L. theobromae are 

limited. The present work was therefore undertaken to study the effects of culture 

media, temperature, pH and light on mycelial growth and sporulation of L. 

theobromae. 

4.1.1. Effect of different liquid medium on growth and sporulation of 

Lasiodiplodia theobromae 

Growth and sporulation of L. theobromae was studied on potato dextrose broth 

(PDB), oat meal broth (OMS), potato carrot broth (PCB), yeast extract glucose broth 

(YEGB) and malt extract broth (MEB) media (40ml) in 250 ml conical flasks. In 

addition, some of the media were supplemented with root extract of tea plants. 

Procedures of media preparation have been described in section-3.4 of materials 

and methods. 
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I§!JiJ11 
fig. a : Culture of Lasiodiplodia theobromae releasing pink coloured pigment 

in petridish . 

fig. b :Culture of L. theobromae. 

fig. c : Culture of L. theobromae in potato dextrose broth (PDB) with pink 
coloured pigment. 

fig. d :Sporulated mycelia of L. theobromae. 

fig. e :Shiny black pycnidia on the surface of mycelial mat of L. theobromae. 
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From the results (Table 6), tt was evident that PDB-RE (potato dextrose broth 

supplemented with root extract) was best for both growth and sporulation of 

Lasiodip/odia theobromae. Mycelial dry weight was recorded as 360mg after 20 days 

and sporulation was excellent after 25 days of incubation on PDB-RE medium. In 

PDB, mycelial dry weight was found 320 mg after 20 days of incubation but 

sporulation was found poor. Next to PDB, MEB-RE (Malt extract broth supplemented 

with root extract) also showed good mycelial growth and sporulation. Non

supplimented PCB recorded the least mycelial growth and no sporulation. The 

results revealed that in general, sporulation was remarkably high when L. 

theobromae was grown in root extract supplemented media in comparison to the 

non-supplemented media. Mycelial growth also increased marginally when PDB, 

OMB and PCB were supplemented with root extract. However, YEGB and MEB did 

not show any difference in mycelial growth between supplemented and non

supplemented media, but there was no sporulation in the non-supplimented media. 

Addition of root extract increased sporulation significantly especially in MEB-RE 

media. Thus the result indicated that root extract supplementation is not necessary 

for in vitro mycelial growth of L. theobromae, but it remarkably enhanced the 

sporulation. 

4.1.2. Effect of Light on growth and sporulation of Lasiodiplodia 

theobromae 

Light plays an important role on chemo-physiological process of living 

organism directly or indirectly for completion of its life cycle. From the results (Table 

7) it was found that light had no significant effect on mycelial growth of L. 

theobromae, which was found to be equally good under complete light, complete 

dark and alternate 12h light and dark conditions. But sporulation was noticed 

excellent after 10 days when the fungus was grown under complete light condition. 

However, under complete dark conditions, sporulation was poor and delayed until 20 

days. Overall results indicated that there was little variation in mycelial growth under 

different light conditions, but light induced sporulation. 
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Table 6: Mycelial growth and sporulations of Lasiodiplodia theobromae in different liquid 

media. 

Medium Incubation !:leriod 
of 5 days 10 days 15 days 20 days 25 days 

growth fiilwt' Spn" fiilWI Spn fiiliii! Spn fiiliii! Spn fiiliii! Spn 

PDB-RE 150.0 200.0 350.0 360.0 335.0 +++ 
±5.77 ±11.4 + ±5.77 ++ ±8.35 +++ ±9.45 + 

PDB 145.0 225.0 280.0 320.0 295.0 
± ±8.88 ±5.56 ±7.48 + ±4.56 + 
2.88 

OMS- 120.0 125.0 150.0 185.0 220.0 
±5.77 ±2.89 + ±5.64 + ±6.45 ++ ±5.87 ++ 

RE 

OMS 85.00 95.00 100.0 135.0 165.0 
±3.66 ±3.66 ±4.56 ±4.86 ±7.45 

PCB- RE 25.00 85.00 125.0 170.0 210.0 
±2.88 ±2.00 ±4.64 + ±4.84 ++ ±7.56 ++ 

PCB 15.00 30.00 95.00 120.0 165.0 
±2.89 ± ±3.64 ±4.98 ±5.43 

2.66 

YEG-RE 140.0 170.0 225.0 295.0 320.0 
±11.4 ±7.54 ±8.76 + ±7.27 + ±7.43 + 

YEG 120.0 135.0 270.0 305.0 295.0 
± ±5.77 ±5.77 ±9.45 ±7.88 
5.77 

MEB-RE 145.0 185.0 230.0 280.0 315.0 
±3.66 ±5.66 ±6.67 + ±8.67 ++ ±9.28 +++ 

MEB 122.± 165.0 210.0 285.0 324.0 
5.92 ±8.67 ±6.56 ±8.56 ±9.41 

*Mwt = Mycelial dry weight, 

**Spn =Sporulation,-= Nil; + = Poor; ++=Fair; +++=Good;++++= Excellent 

RE =Tea root extract supplemented, PDB =Potato dextrose broth, OMS= Oatmeal 

broth, PCB= Potato carrot broth, YEG =Yeast extract glucose broth, MEB =Malt 

extract broth. Incubation temperature= 28 ± 1°C 

Mean of three replications; Data after± indicates standard error values. 
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Table 7: Effect of different light condition on growth and sporulation of Lasiodip/odia 
theobromae in PDB-RE medium. 

Incubation period 

Different 
light 5 days 10 days 15 days 20 days 25 days 
condition 

Light 
(24h light) 

Dark 
(24h dark) 

Normal 
(Alternate 
12h light 

Mwt* Spn** 
(mg) 

165.0 
±6.75 

175.0 
±4.65 

180.0 
±6.76 

*Mwt = Mycelial dry weight , 

Mwt 
(mg) 

210.0 
±8.56 

225.0 
±7.87 

230.0 
±6.56 

Spn 

+ 

Mwt 
(mg) 

265.0 
±5.89 

260.0 
±5.34 

270.0 
±6.73 

Spn Mwt* Spn Mwt 
(mg) (mg) 

290.0 325.0 
++ +++ 

±7.89 ±9.46 

320.0 335.0 
±9.45 

+ 
±8.61 

340.0 320.0 
+ ++ 

±8.46 ±9.84 

**Spn = Sporulation , - = Nil ; + = Poor; ++ = Fair; +++=Good; ++++ = Excellent, 
Incubation temperature= 28 ± 1°C 
PDB-RE =Tea root extract supplemented potato dextrose broth 
Mean of three replications ; Data after ± indicates standard error values. 

Spn 

++++ 

++ 

++ 

4.1.3. Effect of temperature on growth and sporulation of Lasiodiplodia 

theobromae 

Results presented in figu re (Fig. 3) indicate that L. theobromae was capable 

of growing at temperature that ranges 8°C to 36°C. Best growth was recorded at 

28°C while no growth was observed at temperature 40°C and above. 

4.1.4. Effect of pH on growth and sporulation of Lasiodiplodia 

theobromae 

pH plays an important role on physiology of any organism. Growth and 

sporulation of L. theobromae was studied at different pH. It was found that L. 

theobromae was able to grow within a wide range of pH , from 3.5 to 8.0 (Fig . 4) . The 

fungus however, failed to grow in alkaline environment, beyond pH 8.0. The optimum 

pH for growth was recorded at the range of pH 5.5 to 6.5. The results indicated that 

slightly acidic pH to neutral pH was optimum for the growth of L. theobromae. 
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Fig. 3: Effect of different temperature on mycelial growth of Lasiodiplodia 

theobromae in potato dextrose broth supplemented-tea root extract 

(PDB-RE) medium after 15 days of incubation . 
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Fig. 4: Effect of different pH on mycelial growth of Lasiodiplodia theobromae 

in potato dextrose broth supplemented-tea root extract (PDB-RE) 

medium after 15 days of incubation. 
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Chapter II 

4.2. Pathogenicity of Lasiodiplodia theobromae in different tea varieties 

Differential pathogenicity of a fungus to different varieties gives us 

information about the degree of susceptibility or resistance of a particular variety to a 

particular pathogen. In the present study, pathogenicity of L. theobromae was tested 

separately on roots and leaves of seven different tea seed varieties (TS-464, TS-

491, TS-506, TS-520, TS-489, TS-449 and TS-463). 

4.2.1. Pathogenicity on leaves 

Pathogenicity was studied following the whole plant inoculation method as 

described in the materials and methods (section 3.6.1). Ten plants of each seed 

varietiy (raised through seed germination) were artificially inoculated with 

Lasiodiplodia theobromae in triplicate sets (Plate VII: fig. a & b). Symptoms 

appeared on leaves after 4, 8, 12 and 16 days of inoculation which were assessed 

following the disease assessment procedure as mentioned in the materials and 

methods (Section 3.6.3). Results (mean foliar disease index) were calculated and 

have been presented in Table 8. 

From the results (Table 8 & Fig. 5) it was found that TS-449 was most 

susceptible to Lasiodiplodia theobromae. It showed mean foliar disease index/plant 

of 12.42 after 16 days. On the contrary, TS-491 was most resistant against 

Lasiodip/odia theobromae showing mean foliar disease index/plant of 3.20. Next to 

TS-449 variety, TS-464 and TS-520 were also found to be susceptible showing 

mean foliar disease index/plant of 10.20 and 9.8 respectively after 16 days of 

inoculation. TS-506 and TS-489 were found to be moderately resistant showing 

mean disease index/plant of 5.90 and 5.30 respectively after 16 days of inoculation. 

A variety was considered susceptible when it produced mean foliar disease 

index/plant of more than 9.0 while a variety was considered highly resistant when it 

produced mean foliar disease index/plant of less than 5.0. However the varieties 

showing mean foliar disease index/plant of 5.0 to 9.0 were considered as moderately 

resistant after 16 days of inoculation. Graphical representation of mean foliar disease 

index data after 16 days of inoculation has been shown in Fig. 5. 
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Table 8: Pathogenicity test of Lasiodiplodia theobromae on tea seedlings of seven 
different varieties (based on mean foliar disease index) . 

Days after inoculation 
4 days 8 days 12 days 16 days 

Tea variety Mean foliar Mean foliar Mean foliar Mean foliar 
disease disease disease disease 

index/plant* index/plant index/plant index/plant 

TS-449 1.54±0.3 5.54±0.4 9.64±0.5 12.42±0.5 

TS-464 1.28±0.8 3.61 ±0.3 6.01 ±0.4 10.20±0.3 

TS-520 1.00±0.3 2.92±0.08 6.34±0.3 9.80±0.5 

TS-506 0.85±0.07 2.28±0.25 5.10±0.2 5.90±0.03 

TS-489 0.69±0.25 2.12±0.07 3.90±0.08 5.30±0.2 

TS-463 0.52±0.35 1.64±0.06 3.10±0.02 4.25±0.05 

TS-491 0.50±0.05 1.42±0.03 2.70±0.05 3.20±0.06 

CD of 5% 0.45 0.78 1.25 2.5 

*Mean of three repl ications; Data after± indicates standard error values. 

**Data presented on the basis of 10 plants per treatment. 

4.2.2. Pathogenicity on roots 

Pathogenicity of L. theobromae was further studied on seven tea seed 

varieties following root inoculation technique. Details of the technique have been 

described in materials and methods (Section-3.6.2). Fifteen plants (raised through 

seed germination in 2 plastic pots) of each variety were artificially inoculated in 

triplicate sets with Lasiodiplodia theobromae. Symptoms appeared on root after 4, 8, 

12 and 16 days of inoculation which were assessed following root disease 

assessment procedure as mentioned in materials and methods (Section-3 .6.4). 

Results (mean root disease index/plant) were calculated and have been presented in 

Table 9. 

From the results (Table 9 & Fig . 6) it was observed that TS-449 showed 

mean root disease index/plant of 59.5 after 16 days of inoculation . Among the seven 
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Fig. 5: Pathogenicity test of Lasiodiplodia theobromae on leaf of tea 

seedlings of seven different varieties (based on mean foliar dis

ease index). 
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varieties tested , TS-449 was most susceptible to L. theobromae. TS-491 was most 

resistant against L. theobromae showing mean root disease index/plant of 17.5. Two 

other varieties TS-464 and TS-520 were also found to be susceptible showing mean 

root disease index/plant of 35.8 and 31 .6 respectively after 16 days of inoculation. 

TS-506 and TS-489 were found to be moderately resistant showing mean root 

disease index/plant of 28 .2 and 21 .7 respectively after 16 days of inoculation. 

Graphical representation of mean root disease index data after 16 days of 

inoculation has been shown in Fig . 6. A variety was considered susceptible when it 

produced mean root disease index/plant of more than 30.0 while a variety was 

considered highly resistant when it produced mean root disease index/plant of less 

than 20.0. The varieties showing mean root disease index/plant of 30.0 to 20.0 were 

considered as moderately resistant after 16 days of inoculation . 

Table 9: Pathogenicity test of Lasiodiplodia theobromae on tea seedlings of seven 
different varieties (based on mean root disease index) . 

Inoculation period 
4 days 8 days 12 days 16 days 

Tea variety Mean root Mean root Mean root Mean root 
disease disease disease disease 

index/plant index/plant index/plant index/plant 

TS-449 15.5±0.8 23.7±0.7 48.2±2.5 59.5±2.5 

TS-464 12.7±0.5 15.6±0.6 22.5±1.5 35.8±1.5 

TS-520 1 0.4±0.6 16.7±0.4 18.8±1.4 31.6±0.9 

TS-506 9.5±0.5 15.7±0.8 14.6±0.8 28.2±1.2 

TS- 489 8.3±0.7 9.5±0.5 1 0. 8±0.6 21.7±1.6 

TS-463 8.2±0.5 8.5±0.4 9.6±0.3 17.9±0.6 

TS-491 6.9±0.4 7.7±0.3 9.2±0.6 17.5±0.8 

CD of 5% 1.6 2.4 2.8 3.6 

*Mean of three replications ; Data after± indicates standard error values. 

**Data presented on the basis of 15 plants per treatment. 



3 

2.5 ...- -

-~ 

- 1-

- -

rl- + + 
0.5 

C7) ~ 0 CD C7) C") r 
~ CD N 0 co CD C7) .,. .,. II,) II,) .,. ,. .,. 
(/) (/) (/) (/) (/) (/) (/) 

1- 1- 1- 1- 1- 1- 1-
0 

Tea variety 

Fig. 6: Pathogenicity test of Lasiodiplodia theobromae on roots of tea 

seedlings of seven different varieties ( based on mean root 

disease index). 

81 



PLATE VII 
Healthy and infected tea plants. 

fig.a: Healthy tea plants of TS-449 in 
experimental glass chamber (Control) . 

fig.b: Tea plants (TS-449) artificially infected with 
L. theobromae in glass chamber. 

fig.c: Nursery tea plants (TS-449) naturally 
infected with L. theobromae. 
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Chapter Ill 

4.3. Serological studies 

Serological methods are most sophisticated methods for detection of cross

reactive antigens between different host-pathogen interactions. The level of cross 

reactive antigens present in the interactions (between different host varieties and a 

virulent pathogen) can be exploited for determining differential resistance of different 

varieties against a pathogen. Several workers have shown that the possibility of 

susceptibility is greater when cross-reactive antigens are more (Alba et a/., 1983; 

Purkayastha and Banerjee, 1990; Chakraborty and Saha, 1994). In the present study 

five different techniques (immunodiffusion. immunoelectrophoresis, indirect enzyme 

linked immunosorbent assay, immunofluorescence and immune gold-silver 

enhancement) were performed to detect cross-reactive antigens (GRAs). The level 

of cross-reactive antigens was used to determine susceptible and resistant cultivars. 

The results of the serological studies were compared with that of conventional 

pathogenicity test. 

In the present study, root antigens of seven different tea seed varieties and of 

two different fungi were prepared. The details of the antigen preparation procedures 

have been described in section-3. 7 of materials and methods. The antigens of 

respective varieties were designated by lowercase letter 'a' suffixed with codes of tea 

varieties (i.e. 449 for TS-449, 489 for TS-489, 520 for TS-520, 491 for TS-491, 463 

for TS-463, 464 for TS-464, 506 for TS-506). Codes of fungi were Th' for 

Trichoderma harzianum and 'Lt' for Lasiodiplodia theobromae. Antisera of different 

tea varieties and fungi were designated by upper case letter 'A' suffixed with 

respective codes of the tea varieties or fungi. Three different antisera (449A, 491A, 

LtA) and normal sera (NS) were used in the present study. Procedures of 

preparation of the antisera and normal sera have been discussed in the materials 

and methods (Section-3.9.1 ). 
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4.3.1. Serological relationship between different tea varieties and 

pathogen (Lasiodiplodia theobromae) by agar gel double diffusion 

The agar gel double diffusion method as described by Ouchterlony (1958) 

was followed to determine the relationship between host and pathogen. Detailed of 

the immunodiffusion technique has been described in materials and methods section 

3.9.1. Semi quantitative estimation of antibody activity of the three different antisera 

(449A, 491A, LtA) against their homologous antigens was performed. Titre values of 

the antigens (449a, 491 a and Lta) against their homologous antisera were also 

determined. Results are presented in table 10. Immunodiffusion of seven different 

antigens (449a, 489a, 520a, 491a, 463a, 464a, 506a) and antigens of two different 

fungi (Lta and Tha respectively of pathogen and non-pathogen of tea) were 

performed against three different antisera (449A, 491A, LtA) and the results are 

shown in Table 11 and Plate VIII. 

From the results noted in Table 11, it was found that common antigenic 

relationship were present not only in case of homologous reactions (i.e. between 

antigen and antisera of L. theobromae, antigen and antisera of TS-449 and between 

antigen and antisera of TS-491) but also between antigens of different tea varieties 

(464a and 491a) against antisera 449A (Plate VIII: fig.b) and also antigens like 489a, 

463a and 520a against antisera 491A (Plate VIII: fig.c). Precipitation reactions in the 

form of arcs were also found in case of heterologous reactions (tea antigens of 506a, 

449a and 464a against antisera of L. theobromae (LtA)). However, almost no 

precipitation was found between 491 a and 463a against LtA (Plate Vlll:fig.a). Cross 

reactive antigens were present in heterologous combination when Lta (antigen of 

pathogen) was reacted with 449A (antisera of susceptible variety). But when Tha 

(antigen of non-pathogen) reacted with 449A (antisera of susceptible variety), no 

precipitation arcs were observed (Plate VIII: fig.b). In heterologous combination 

(Plate VIII: fig.c), when Lta (antigen of pathogen) was reacted with 491A (antisera of 

resistant variety), there was no visible precipitin arc. Similarly, antigen of non

pathogen (Tha) when reacted with 491A (antisera of resistant variety) no 

precipitation arc was discernible. There was also no precipitation arc when normal 

sera (NS) reacted with different antigens. 
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Table 10: Semi quantitative estimation of antigens and antisera of tea varieties and 
Lasiodiplodia theobromae. 

Host and Pathogen 

Host Variety 

TS-449 

TS-491 

Pathogen 

L. theobromae 

Incubation time, 72h 
Temperature, 25±1 °C 

Titre of antigen against Titre of antiserum against 
homologous antiserum homologous antigens 

8 

8 

16 

16 

16 

32 

Table 11: Common antigenic relationship between tea seed varieties and 
Lasiodip/odia theobromae (Based on agar gel double diffusion test). 

Antigen of pathogen, 
host and non-pathogen 

Pathogen 
L. theobromae 

Susceptible varieties 

TS-449 (449a) 
TS-464 (464a) 

Resistant verities 

TS-491 (491 a) 
TS-463 (463a) 

Non-pathogen 

Trichoderma 
harzianum(Tha) 

Antisera of pathogen and host 

L. theobromae (LtA) 

++++ 

+++ 
+++ 

TS-449 (449A) 

++ 

++++ 
++++ 

++ 
++ 

Common precipitin band absent(-); faint(+); prominent(++); few(+++); many(++++) 

The codes of different antigens and antisera are in the parenthesis. 
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Tha 

491a 

449a 

PLATE VIII 

Agar gel double diffusion test using different antigens and antisera. 

fig. a : Different tea root and pathogen antigen used in the wells are TS-560 
(506a} , TS-449 (449a) , TS-464 (464a) ,TS-463 (463a), TS-491 (491 a) 
and Lasiodiplodia theobromae (Lta) were placed in the peripheral wells 
and antisera of LtA in the central well. 

fig. b : Different tea root, pathogen and non-pathogen antigen used in the wells 
are TS-449 (449a) , TS-464 (464a} , TS-491 (491a} , Lasiodiplodia 
theobromae (Lta) and Trichoderma harzianum (Tha} were placed in the 
peripheral wells and antisera ofTS-449 (449A) in the central well. 

fig. c : Different tea root, pathogen and non-pathogen antigen used in the wells 
are of TS-489 (489a) , TS-463 (463a) , TS-520 (520a}, TS-491 (491 a), 
Trichoderma harzianum (Tha)) and Lasiodiplodia theobromae (Lta) in 
the peripheral wells and antisera ofTS-491 (491 A) in the central wel l. 



4.3.2. Serological relationship between different tea varieties and test 

pathogen (L. theobromae) by immunoelectrophoresis 
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A combination of electrophoresis and radial immunodiffusion in agar gel is 

called immunoelectrophoresis. Immunoelectrophoresis was performed following the 

method as described in materials and methods section 3.9.2. Seven different 

antigens of tea (449a, 464a, 520a, 506a, 489a, 463a, 491a), two antigens of fungi 

(Lta and Tha) and two antisera (449A and LtA) were used for the study. 

From Fig.? and Table 12 & 13, it was evident that antigens 463a and 491a 

shared four precipitin arcs when reacted with the antisera 449A, antigens 506a and 

520a shared three precipitin arcs when reacted with the antisera 449A but antigens 

489a and 463a showed two precipitin arcs when reacted with the antisera 449A. 

Similarly, when antisera of L. theobromae (LtA) were subjected to react with antigens 

(449a and 464a) three precipitin arcs were found. But antigens 506a and 520a 

showed two precipitin arcs with the same antisera. No arc was found between LtA 

and either of the antigens 463a and 491 a. Precipitin arc was also absent between 

antisera LtA and antigen Tha. 

4.3.3. Indirect enzyme linked immunosorbent assay (ELISA) between L. 

theobromae and different tea seed varieties. 

The different format of enzyme linked immunosorbent assays (ELISA) has become 

popular as a diagnostic tool in a practical form (Bom and Boland, 2000; Kennedy et 

a/. 2000, Sumarah and Miller, 2005; Babitha et a/., 2006). The indirect-ELISA 

technique is one of the most sensitive serological techniques to detect and quantify 

low concentration of antigen. It has been clearly pointed out by several authors 

(Chakraborty and Saha, 1994; Kratka et a/., 2002; Dasgupta et a/., 2005) on the 

basis of their findings that indirect-ELISA can serve as a useful technique to detect 

cross-reactive antigens, which determine the susceptibility or resistance of a host. 

Therefore, it was considered worthwhile to study cross-reactive antigens between L. 

theobromae and tea seed varieties by using indirect- ELISA format.ln the present 

study antigens (prepared from roots, leaves and stems) of seven different tea seed 

varieties (TS-464, TS-491, TS-506, TS-520, TS-489, TS-449 and TS-463) were 

tested against three different antisera (449A, 491A and LtA). 
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Fig.7(A-H): lmmunogram showing immunoelectrophoresis patterns of 
antigens and antisera. Different antigens used in the 
peripheral wells are of TS-449 (449a), TS-464 (464a), TS-
520 (520a), TS-489 (489a), TS-463 (463a). TS-
491 (491 a), Trichoderma harzianum (Tha) and Lasiodiplodia 
theobromae (Lta). Different antisera used in the central 
rectangular troughs are of TS-449 (449A) and L. 
theobromae (LtA) 
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Table 12: Immunoelectrophoresis test of antigens and antisera of tea varieties and 
Lasiodiplodia theobromae. 

Antisera of 

Antigen of pathogen, 
host and non-pathogen 

L. theobromae (LtA) 

Precipitin arcs 

Susceptible variety 
TS-449 (449a) 
TS-464 (464a) 

Resistant variety 
TS-491 (491 a) 
TS-463 (463a) 

Non-pathogen 
Trichoderma harzianum 
(Tha) 

1 ,, 

+ 
+ 

Common precipitin band present ( +) 
Common precipitin band absent(-) 

2"d 3'd 

+ + 
+ + 

4'" 1 ,, 

+ 
+ 

+ 
+ 

Antisera of 
TS-449 (449A) 

Precipitin arcs 

2"d 

+ 
+ 

+ 
+ 

3"' 

+ 
+ 

The codes of different antigens and antisera are in the parenthesis. 

4'" 

+ 
+ 

Table 13: Comparison of precipitation arcs found in immunoelectrophoresis of tea 
seed varieties (susceptible and resistant), pathogen (Lasiodiplodia 
theobromae) and non-pathogen (Trichoderma harzianum). 

Antigens of pathogen, 

host and non-pathogen 

Susceptible variety 

TS-449 (449a) 
TS-464 (464a) 

Resistant variety 

TS-491 (491 a) 

TS-463 (463a) 

Non-pathogen 

T. harzianum (Tha) 

Total no. of precipitin arcs 
Antisera of pathogen and host 

L. theobomae 
(LtA)* 

3 

3 

0 

0 

0 

TS-449 

(449A) 

4 

4 

2 

2 

0 

*The codes of the different antigen and antisera are in the parenthesis. 
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In the present study antigens (prepared from roots, leaves and stems) of seven 

different tea seed varieties (TS-464, TS-491, TS-506, TS-520, TS-489, TS-449 and 

TS-463) were tested against three different antisera (449A, 491A and LtA). The 

antigen codes of tea varieties were further prefixed with uppercase letter 'R','L' or'S' 

to designate antigens prepared from root, leaf or stem respectively. Three different 

dilutions of antigens (5~g protein/mi. 1 O~g protein/ml and 20~g protein/ml) and two 

different dilutions of antisera (1/125 and 1/250) were used. The detail procedure of 

indirect-ELISA as well as the preparation of antigens and antisera has already been 

discussed in the materials and methods (Sections-3.10, 3.7 & 3.8). An ELISA reader 

determined the absorbance of all the combinations at 492 nm and the results are 

given in Table 14, 15 &16. 

From Table 14, it was found that root antigens of different tea varieties 

showed differential absorbance with three different antisera in indirect-ELISA. 

Antisera (449A) of susceptible variety, TS-449, showed maximum absorbance with 

homologous antigen and minimum with root antigen (R491 a) of resistant variety TS-

491. When antisera (LtA) of L. theobromae were used, it showed maximum 

absorbance with the antigen (R449a) of susceptible variety but minimum with the 

antigen (R491a) of resistant variety. Similarly when antisera (491A) of resistant 

variety reacted with homologous antigen, maximum absorbance was found but 

minimum absorbance was recorded when 491A reacted with antigen R449a. 

Leaf antigens of different tea varieties also showed differential absorbance 

with different antisera during indirect-ELISA. Antisera (449A) of susceptible plant 

showed maximum absorbance with leaf antigen (L449a) of susceptible plant and 

minimum in case of leaf antigen (L491 a) of resistant plant. When antiserum (LtA) of 

L. theobromae was used, it showed maximum absorbance with the antigen (L449a) 

of susceptible plant, but minimum with the antigen (L491 a) of resistant plant. 

Maximum absorbance was recorded when antiserum (491A) of resistant tea seed 

variety TS-491, reacted with homologous antigen L491 a. The same antisera (491A) 

showed minimum absorbance when reacted with antigen L449a (Table 15). Similar 

results were also found from Table 16, where tea stem antigens of different tea 

varieties showed absorbance with three different antisera used during the study. 

Antisera (449A) of susceptible plants showed maximum absorbance with stem 

antigen (S449a) of susceptible tea variety and minimum in case of stem antigen 
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Table 14: Indirect ELISA (A492) result of different combination of antigens (Twenty one 
antigens) of root of seven varieties and of Lasiodip/odia theobromae against 
three different root antisera of TS-491, TS-449 and L. theobromae. 

Antigen 

(Root 
antigen) 

TS-491 
(R491a) 

TS-463 
(R463a) 

TS-489 
(R489a) 

TS-506 
(R506a) 

TS-520 
(R520a 

TS-464 
(R464a) 

TS-449 
(R449a) 

L. 
theobromae 

( lta) 
(Pathogen) 

T. 
harzianum 

(Tha) 
(Non

Pathogen) 

119 
protein 

/ml 

Normal sera (NS) and antisera (AS) of susceptible and 
resistant tea varieties 

TS-449 (449A) TS-491 (491A) L. theobromae (l tAl 

NS AS AS NS 
1/125 1/125 1/250 1/125 

AS 
1/125 

AS 
1/250 

NS AS AS 
1/125 1/125 1/250 

20 0.038 0.350 0.261 0.045 0.920 0.715 0.043 0.135 0.117 

10 

5 

0.031 0.395 0.187 0.034 0.863 0.676 0.037 0.126 0.103 

0.026 0.328 0.125 0.027 0.770 0.568 0.028 0.100 0.090 

20 0.028 0.590 0.394 0.024 0.838 0.600 0.032 0.151 0.121 

10 0.027 0.460 0.201 0.022 0.780 0.586 0.028 0.137 0.116 

5 0.024 0.383 0.170 0.023 0.759 0.479 0.027 0.120 0.113 

20 0.025 0.684 0.496 0.024 0.759 0.558 0.029 0.176 0.153 

10 0.023 0.513 0.333 0.021 0.735 0.404 0.026 0.150 0.128 

5 0.022 0.437 0.277 0.020 0.650 0.381 0.025 0.143 0.109 

20 0.026 0.691 0.500 0.031 0.681 0.460 0.031 0.196 0.166 

10 0.024 0.588 0.487 0.027 0.630 0.389 0.024 0.170 0.150 

5 0.023 0.478 0.370 0.023 0.561 0.326 0.025 0.143 0.112 

20 0.025 0.771 0.681 0.025 0.574 0.360 0.028 0.278 0.249 

10 

5 

0.023 

0.021 

0.62 0.508 0.022 0.427 0.233 0.025 0.193 0.167 

0.54 0.481 0.023 0.322 0.219 0.024 0.188 0.132 

20 0.028 0.792 0.734 0.024 0.413 0.270 0.031 0.385 0.343 

10 0.027 0.666 0.619 0.022 0.319 0.228 0.028 0.281 0.255 

5 0.020 0.584 0.540 0.021 0.224 0.197 0.025 0.259 0.213 

20 0.028 0.878 0.782 0.038 0.373 0.291 0.028 0.535 0.438 

10 0.025 0.729 0.624 0.026 0.299 0.219 0.027 0.380 0.391 

5 0.024 0.635 0.502 0.023 0.191 0.155 0.024 0.352 0.270 

20 

10 

5 

20 

10 

5 

0.025 0.646 0.420 0.036 0.283 0.154 0.028 0. 765 0.589 

0.024 0.536 0.360 0.027 0.121 0.117 0.027 0.675 0.421 

0.023 0.346 0.257 0.018 0.108 0.065 0.020 0.612 0.345 

0.026 0.146 0.120 0.038 0.133 0.114 0.025 0.117 0.108 

0.024 0.126 0.110 0.028 0.121 0.097 0.023 0.097 0.086 

0.020 0.116 0.097 0.012 0.108 0.045 0.020 0.068 0.058 

* Codes of antigens and antisers are in the parenthesis. 
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Table 15: Indirect ELISA (A.,92) result of different combination of antigens (Twenty one 
antigens) of leaf of seven varieties and of Lasiodiplodia theobromae against 
three different antisera of TS-491, TS-449 and L. theobromae. 

Antigen 

(Leaf 
antigen) 

TS-491 
(L491a) 

TS-463 
(L463a) 

TS-489 
(L489a) 

TS-506 
(L506a) 

TS-520 
(L520a 

TS-464 
(L464a) 

TS-449 
(L449a) 

L. 
theobromae 

( Lta) 
(Pathogen) 

T. 
harzianum 

(Tha) 
(Non

Pathogen) 

Normal sera (NS) and antisera (AS) of susceptible and 
1.19 resistant tea varieties 

protei ----~T=S~4~4~9~~~4~9~A~) _______ T~S~4~9~1~(~4~9~1A~)~--~L~-~~~e~o~b~ro~m~a~e~(~L~tA~) 
n/ml NS AS AS NS AS AS NS AS AS 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

1/125 1/125 1/250 1/125 1/125 1/250 1/125 1/125 1/250 

0.031 

0.027 

0.023 

0.025 

0.022 

0.023 

0.024 

0.022 

0.021 

0.038 

0.026 

0.023 

0.029 

0.026 

0.025 

0.031 

0.027 

0.023 

0.025 

0.022 

0.023 

0.022 

0.021 

0.020 

0.028 

0.021 

0.018 

0.351 0.265 0.031 0.950 0.722 0.025 0.113 0.072 

0.283 0.252 0.027 0. 725 0.672 0.023 0.066 0.052 

0.240 0.210 0.023 0.633 0.595 0.021 0.043 0.046 

0.464 0.324 0.025 0.856 0.696 0.028 0.123 0.120 

0.386 0.317 0.022 0.682 0.573 0.027 0.101 0.106 

0.387 0.301 0.023 0.539 0.522 0.020 0.081 0.082 

0.561 0.397 0.024 0. 773 0.613 0.028 0.236 0.207 

0.427 0.381 0.022 0.670 0.495 0.025 0.187 0.160 

0.420 0.328 0.021 0.447 0.392 0.024 0.143 0.126 

0.668 0.449 0.038 0.615 0.558 0.025 0.240 0.212 

0.517 0.394 0.026 0.535 0.486 0.022 0.219 0.182 

0.470 0.319 0.023 0.441 0.321 0.023 0.182 0.135 

0.722 0.593 0.024 0.546 0.457 0.024 0.369 0.349 

0.633 0.474 0.022 0.480 0.339 0.022 0.332 0.234 

0.524 0.417 0.023 0.345 0.269 0.021 0.278 0.171 

0.885 0.622 0.024 0.494 0.414 0.038 0.383 0.382 

0.766 0.512 0.021 0.450 0.240 0.026 0.331 0.346 

0.694 0.492 0.020 0.312 0.195 0.023 0.306 0.325 

0.921 0.674 0.031 0.412 0.365 0.028 0.526 0.466 

0.825 0.674 0.031 0.412 0.365 0.028 0.526 0.466 

0.858 0.513 0.027 0.363 0.220 0.025 0.426 0.386 

0.640 0.419 0.039 0.287 0.158 0.028 0.765 0.589 

0.532 0.357 0.025 0.129 0.115 0.027 0.675 0.421 

0.344 0.243 0.022 0.102 0.061 0.020 0.612 0.345 

0.143 0.128 0.042 0.137 0.117 0.025 0.117 0.108 

0.121 0.116 0.026 0.124 0.092 0.023 0.097 0.086 

0.112 0.095 0.016 0.098 0.040 0.020 0.068 0.058 

• Codes of antigens and antisers are in the parenthesis 
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Table 16: Indirect ELISA (A492) result of different combination of antigens (Twenty one 
antigens) of stem of seven varieties and of Lasiodiplodia theobromae 
against three different root antisera of TS-491 , TS-449 and L. theobromae. 

Antigen 

(Stem 
antigen) 

TS-491 
(S491 a) 

TS-463 
(S463a) 

TS-489 
(S489a) 

TS-506 
(S506a) 

TS-520 
(S520a 

TS-464 
(S464a) 

TS-449 
(R449a) 

L. 
theobromae 

( Lta) 
(Pathogen) 

T. 
harzianum 

(Tha) 
(Non

Pathogen) 

Normal sera (NS) and antisera (AS) of susceptible and 
JJ9 resistant tea varieties 

protein ----~T~S~-4~4~9~~~4~9~A~) _______ T~S~-~4~91~(4~9~1A~)L-__ ~L-~t~he~o~b~ro~m~a~e~(~Lt~A~)~ 
/ml NS AS AS NS AS AS NS AS AS 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

1/125 1/125 1/250 1/125 1/125 1/250 1/125 1/125 1/250 

0.031 

0.027 

0.023 

0.025 

0.022 

0.023 

0.024 

0.022 

0.021 

0.038 

0.026 

0.023 

0.029 

0.026 

0.025 

0.038 

0.026 

0.023 

0.029 

0.026 

0.025 

0.038 

0.026 

0.023 

0.023 

0.021 

O.D18 

0.206 0.176 0.038 0.768 0.698 0.025 0.194 0.158 

0.147 0.103 0.026 0.602 0.569 0.022 0.155 0.111 

0.102 0.087 0.023 0.590 0.450 0.023 0.115 0.094 

0.281 0.231 0.025 0.656 0.535 0.031 0.213 0.207 

0.160 0.134 0.023 0.434 0.405 0.027 0.162 0.148 

0.139 0.120 0.021 0.418 0.381 0.023 0.146 0.132 

0.345 0.287 0.028 0.612 0.482 0.025 0.242 0.285 

0.232 0.176 0.027 0.387 0.335 0.022 0.217 0.224 

0.186 0.164 0.020 0.312 0.275 0.023 0.154 0.196 

0.387 0.342 0.028 0.534 0.323 0.024 0.287 0.327 

0.278 0.235 0.025 0.324 0.286 0.022 0.224 0.286 

0.215 0.169 0.024 0.276 0.215 0.021 0.208 0.223 

0.451 0.429 0.025 0.488 0.303 0.038 0.536 0.357 

0.383 0.281 0.022 0.315 0.265 0.026 0.482 0.315 

0.321 0.232 0.023 0.210 0.175 0.023 0.356 0.247 

0.497 0.434 0.024 0.426 0.287 0.029 0.558 0.412 

0.425 0.345 0.022 0.289 0.189 0.026 0.524 0.398 

0.386 0.312 0.021 0.147 0.120 0.025 0.482 0.386 

0.585 0.518 0.025 0.320 0.233 0.025 0.579 0.444 

0.615 0.454 0.022 0.132 0.115 0.023 0.551 0.439 

0.706 0.574 0.023 0.106 0.097 0.021 0.463 0.428 

0.634 0.465 0.024 0.165 0.128 0.028 0.765 0.589 

0.567 0.412 0.022 0.143 0.109 0.027 0.675 0.421 

0.487 0.356 0.021 0.127 0.086 0.020 0.612 0.345 

0.148 0.122 0.039 0.135 0.118 0.025 0.117 0.108 

0.125 0.113 0.027 0.124 0.098 0.023 0.097 0.086 

0.111 0.099 0.014 0.107 0.045 0.020 0.068 0.058 

• Codes of antigens and antisers are in the parenthesis. 
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(S491 a) of resistant tea variety. When antisera (LIA) of L. theobromae were used, it 

also showed highest absorbance with the antigen (S449a) of susceptible tea variety, 

but minimum with the antigen (S491a) of resistant variety. Antisera (491A) of 

resistant tea variety TS-491, showed maximum absorbance when reacted with 

antigen S491a, but minimum when reacted with antigen S449a. From the ELISA 

(A,92) results it was clear that cross-reactivity was higher between pathogen and 

susceptible tea varieties than pathogen and resistant varieties. Results obtained 

from the combinations showed that the absorbance values of normal serum in 

control were lower than the corresponding test values. 

4.3.4. Comparative analysis of ELISA and Cross reactive antigens (CRA) 

Higher absorbance value in indirect ELISA corresponds to presence of higher 

CRA. Presence of higher CRA indicate compatibility and susceptibility whereas lower 

ELISA values indicate presence of lower CRA and indicate resistance. Accordingly 

indirect-ELISA value reflected the presence of CRA (1 O~g/ml) in different tea 

varieties like TS-464 (R464a), TS-491 (R491 a), TS-506 (R506a), TS-520 (R520a), 

TS-489 (R489a), TS-463 (R464a) and TS-491 (R491a) against the antisera (1:125) 

of L. theobromae (LIA). Results have been presented graphically in (Fig.8 & 9). From 

the figure it was evident that R449a showed maximum absorbance while R491 a 

showed minimum absorbance. Hence, it may be concluded that TS-449 was most 

susceptible and TS-491 was most resistant to the pathogen L. theobromae than the 

other tea varieties used in the present study. Susceptibility of the cultivars 

proportionally increased with increasing CRA among host and pathogen. Resistance 

and susceptibility determined by conventional pathogenicity test (Table 8 & 9) were 

in conformity with that of CRA-based pathogenicity. 

4.3.5. Immunofluorescence for cellular location of antigens and cross

reactive antigens 

Immunofluorescence is the method for observing cellular location of antigens by the 

use of fluorescent-labeled antibodies (Goldsby et al., 2003). A fluorescent compound 

has the property of emitting light of certain wavelength when it is excited by exposure 

to light of shorter wavelength. The emitted light from the antibodies can be viewed 

with a fluorescence microscope equipped with a UV light source. It was also found 
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that cross-reactive antigens were varied in different parts like stem, leaf and root of 

plant against the antisera raised against the test pathogen. To find out tissue and 

cellular location of cross-reactive antigens using the antisera of test pathogen, 

immunofluorescence study was performed following the method of De Vay et a/. 

(1981 ). Detailed method has been discussed in materials and methods (Section-

3.11.1). 

In the present study, roots of six months old plants of two different varieties, 

resistant (TS-491) and susceptible (TS-449) were collected from experimental 

garden for immunofluorescence study. Two different types of antisera, 449A and LtA 

were used for the study. From the observation of unstained root sections under UV

fluorescence microscope, a faint natural autofluorescence in the outer walls of the 

epidermal cells were revealed (data not shown). A similar type of fluorescence was 

also observed in the root sections when treated with normal serum followed by 

fluorescein isothiocyanate (FITC) labelling. Root sections of TS-449 (used as in situ 

antigen source) showed bright fluorescence in the epidermal region, cortical cells 

and xylem elements when it was treated with antisera (449A) of respective seed 

variety (i.e. homologous antiserum) and indirectly labelled with FITC (Plate IX: Fig. 

a). In heterologous reactions i.e. when root sections of susceptible tea variety (TS-

449) were treated with antisera of L. theobromae (LtA) and indirectly labelled with 

FITC, strong bright fluorescence was observed (Plate IX: fig. b). Comparatively Jess 

fluorescence was found when mycelial mat of L. theobromae (used as in situ 

antigen source) were treated with antisera (491A) of resistant tea variety followed by 

indirect labelling with FITC (Plate IX: fig. c). 

4.3.6. lmmunogold labelling for cellular location of antigens and cross

reactive antigens 

lmmunogold labelling and electron microscopy is a widely used tool for 

detection of cellular location of antigens (Lee et a/., 2000; Trillus et a/., 2000; 

Nahalkova eta/., 2001). To visualize immunogold labels in light microscope, silver 

enhancement is essential. Colloidal gold labels are normally visible only under 

electron microscope. Silver enhancer enhances the colloidal gold label by 

precipitation of metallic silver to give high contrast signal visible under light 

microscope. 



IQ!Jij¢1 
Fluorescein isothiocyanate (FITC) antibody staining 
of tea root tissues for detection of cross-reactive 
antigens and homologous antigens. 

fig. a: Root section ofTS-449(449a) treated with antisera 
of TS - 449 (449A) and FITC-conjugated anti rabbit 
goat antisera . 

fig. b: Root section ofTS-449(449a) treated with antisera 
of Lasiodiplodia theobromae (LtA) and FITC
conjugated anti rabbit goat antisera . 

fig. c: Mycelial mat (Lta) treated with antisera of tea root of 
TS-491 (491 A) and FITC-conjugated anti rabbit goat 
antisera . 
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Earlier serological experiments like immunodiffusion, immunoelectrophoresis 

indirect ELISA and immunofluorescence studies clearly indicated the presence of 

cross reactive antigens (CRA) between tea varieties and L. theobromae. To find out 

cellular location of cross-reactive antigens in stem, leaf and root of tea varieties 

against the antisera of pathogen, immunogold-labelling and silver enhancement 

studies were performed. Thin sections (of roots, leaves and stems) of one 

susceptible (TS-449) and one resistant (TS-491) variety were used as in situ antigen 

source. To detect cross-reactive antigens in the tea varieties, antisera of TS-449 

(449A) and L. theobromae (LtA) were used. The detailed procedure has been 

described in materials and methods (Section-3.11.2). 

From the results (Plate X: fig. a-e) it was found that the stem sections of TS-

449 treated with antisera (449A) of TS-449 showed strong silver precipitation in 

epidermal region, cortical cells and xylem elements, but when it was used to treat 

stem of TS-491, it showed less silver precipitation. Similarly when antiserum of L. 

theobromae (LtA) was used to treat stem sections of susceptible tea variety, TS-449, 

it showed strong silver precipitation in the above mentioned regions, but showed less 

precipitation when used to treat stem sections of resistant tea variety, TS-491. 

Similarly, from the results (Plate XI: fig. a-e) it was also found that leaf-sections of 

TS-449 treated with the antisera (449A) of TS-449 showed strong silver precipitation 

in epidermal region, mesophyll tissue and xylem elements, but precipitation was 

considerably less when it was used to treat leaves of TS-491. Similarly when 

antisera of the pathogen, L. theobromae (LtA) was used to treat leaf-sections of 

susceptible tea variety TS-449, it showed darker silver precipitation in the above 

mentioned regions, in comparison to treatment on resistant tea variety TS-491. 

Almost same results were found when root sections were treated by the same 

technique {Plate XI: fig. c & d). There was no precipitations (Plate X: fig. e) when 

normal sera was used to treat leaf-sections of TS-449 and TS-491. 



100 

'4fJij:l 
lmmunogold labeling and silver enhancement of tea leaf tissues for 
detection of cellular location of cross-reactive antigens and homologous 
antigens. 

fig.a Stem tissue (TS-449) treated with antisera of TS-449 (449A) and 
immunogold labelled lgG. 

fig.b : Stem tissue (TS-491) treated with antisera of TS-449 (449A) and 
immunogold labelled lgG. 

fig.c : Stem tissue (TS-449) treated with antisera of Lasiodiplodia theobromae 
(LtA) and immunogold labelled lgG. 

fig.d :Stem tissue (TS-491) treated with antisera of Lasiodiplodia theobromae 
(LTA) and immunogold labelled lgG. 

fig.e :Stem tissue (TS-449) treated with normal sera of rabbit and immunogold 
labelled lgG. 
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i§!JiJ31 
lmmunogold labeling and silver enhancement of tea leaf tissues for 
detection of cellular location of cross-reactive antigens and homologous 
antigens. 

fig.a : Leaf tissue (TS-449) treated with antisera of Lasiodiplodia theobromae 
(L TA) and immunogold labelled lgG. 

fig.b : Leaf tissue (TS-491) treated with antisera of Lasiodiplodia theobromae 
(LTA) and immunogold labelled lgG. 

fig.c : Root tissue (TS-449) treated with antisera of Lasiodiplodia theobromae 
(LtA) and immunogold labelled lgG. 

fig.d : Root tissue (TS-491) treated with antisera of Lasiodiplodia theobromae 
(LTA) and immunogold labelled lgG. 

fig.e : Stem cell showed black coloured intracellular location of cross reactive 
actigens by immunogold labelled lgG. 
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Chapter IV 

4.4. Studies on defense related enzyme: phenylalanine ammonia-lyase 

(PAL) 

It is known that phenylalanine ammonia-lyase (PAL) play a key role in the 

phenyl-propanoid pathway which catalyses the conversion of L-phenylalanine to 

trans-cinnamic acid in the first step that lead to the synthesis of defense related 

compounds like lignin, phytoalexins such as isoflavonoids, and coumarins (Dixon 

and Lamb, 1990; Mahadevam and Sridhar, 1996). Induced systemic resistance is 

involved in the expression of enzymes encoded in phenyl-propanoid pathway. PAL 

activity has been reported to increase by exogenous application of BABA (Newton et 

a/., 1997), aqueous leaf extract of Azadirachta indica (Paul and Sharma, 2002) and 

Benzothiadiazole (Gerlach eta/., 1996). 

4.4.1. PAL activity with abiotic inducers 

In the present study, different abiotic inducers (Nickel chloride, Salicylic acid 

and Jasmonic acid) were used to study PAL activity in susceptible tea seed variety 

(TS-449). Fresh young (six months old) plants were used for induction of PAL. A 

corresponding control set was also maintained for each treatment. Twenty five tea 

plants were taken for each treatment. The detailed procedure of application of abiotic 

inducers has been discussed in materials and methods (Section-3.12.1) and the 

procedure of enzyme assay has been discussed in Section 3.13. 

About three to four fold increase in PAL activity was observed after 4 d in JA 

and SA treated plants, while NiCI2 treated plants showed only marginal increase 

(Table 17, Fig. 10). Treated plants that were challenge inoculated with L. 

theobromae recorded higher enzyme activity than treated-uninoculated plants. 

Maximum induction of PAL was observed in JA treated plants followed by SA. NiCI2 

produced minimum induction (about 2 fold) in PAL activity. Untreated plants 

inoculated with L. theobromae showed slight increase in enzyme activity after 4 d of 

inoculation. PAL activity increased gradually until 4'" day following challenge

inoculation by L. theobromae and then declined. No change in activity was recorded 

in the untreated-uninoculated control sets. 
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Table 17: Phenylalanine ammonialyase (PAL) activity in seedlings of TS-449 pre-
treated with abiotic inducers followed by challenge-inoculation of 
Lasiodiplodia theobromae. 

PAL activity (!Jmol min-'g-1 fresh weight tissue) 

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 2.5± 0.02 2.6± 0.04 2.5±0.04 2.6± 0.05 2.7± 0.02 

L. theobromae 2.5± 0.04 3.4± 0.05 3.6± 0.06 3.2± 0.03 3.0± 0.04 

Nickel chloride 2.6± 0.02 2.8± 0.03 3.2± 0.04 3.6± 0.06 3.5± 0.05 

Nickel chloride 
2.4± 0.02 3.2± 0.03 4.7± 0.04 5.6± 0.06 5.8± 0.02 + L.theobromae 

Salicylic acid 2.64±0.03 3.66±0.05 5.68±0.03 6.72±0.06 7.73±0.03 

Salicylic acid 
2.67±0.02 4.72±0.04 6.73±0.06 7.88±0.04 8.79±0.07 + L. theobromae 

Jasmonic acid 2.64±0.03 4.7± 0.05 5.6± 0.06 7.8± 0.04 8.8± 0.02 

Jasmonic acid 
2.67±0.02 5.6± 0.05 6.8± 0.05 8.4± 0.04 9.6± 0.07 + L. theobromae 

Mean of three replications; Data after± indicates standard error values. 

4.4.2. PAL activity with biotic inducers 

In the present study. Trichoderma hatZianum and Trichoderma virens were used as 

biotic inducers for increased expression of PAL activity. Six month old susceptible 

tea plants (TS-449) were used for the purpose. The detailed procedure of application 

of biotic inducers in order to trigger plants for induction has been discussed in 

materials and methods (Section-3.12.2). Twenty five tea plants were taken for each 

treatment. Corresponding control sets were also maintained. 

From the results (Table 18 & Fig. 11) it was found that tea plants treated with 

T. virens and T. hatZianum showed increased PAL activity. T. hatZianum produced 

higher activity than T. virens in treated-uninoculated plants but on challenge 

inoculation by L. theobromae, T. virens treated plants showed higher PAL activity. In 

untreated-uninoculated control plants, PAL activity remained unchanged after 4 days 

of treatment. 
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Fig. 10: Phenylalanine ammonia lyase activity in treated and treated-inoculated 

seedlings of TS-449 . 

A. Treated with Nickel chloride . 

B. Treated with Salicylic acid . 

C. Treated with Jasmonic acid . 
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Table 18: Phenylalanine ammonia lyase (PAL) activity in seedlings of TS-449 pre

treated with biotic inducers followed by challenge-inoculation of 

Lasiodiplodia theobromae. 

PAL activity (IJmol min-1g-1 fresh weight tissue) 

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 2.5± 0.02 2.6± 0.04 2.5± 0.04 2.6± 0.05 2.7± 0.02 

L.theobromae 2.5± 0.04 3.4± 0.05 3.6± 0.06 3.2± 0.03 3.0± 0.04 

T. harzianum 2.4± 0.04 2.8± 0.03 3.7± 0.04 4.2± 0.05 3.8± 0.02 

T. harzianum 
2.4± 0.03 2.8± 0.03 3.7± 0.04 4.5± 0.05 4.8±0.04 +L.theobromae 

T. virens 2.4± 0.02 3.2± 0.02 3.8± 0.05 4.0± 0.03 2.3± 0.02 

T. virens 2.3± 0.02 3.7± 0.04 4.2± 0.02 4.8± 0.03 5.4± 0.03 
+L.theobromae 
Mean of three replications; Data after± indicates standard error values. 

4.4.3. PAL activity with phyto-extracts 

Four different aqueous leaf extracts (Azadirachta indica, Acalypha indica, 

Catharanthus roseus and Jasminum jasminoides) were used to induce PAL activity 

in tea plants. The details procedures of application of phyto-extracts have been 

discussed in materials and methods (Section-3.12.3). Control sets (untreated

uninoculated control and untreated-inoculated control) were also maintained for each 

treatment. Twenty five tea plants were kept for each treatment. 

From the results (Table 19 & Fig. 12) it is evident that Azadirachta indica leaf 

extract is the most potential inducer of PAL activity among all the tested botanicals. 

Plants treated with the other three leaf extracts (Acalypha indica, Jasminum 

jasminoides and Catharanthus roseus) also showed significant increase in enzyme 

activity. In general, the challenge-inoculated plants showed higher activity than 

uninoculated but treated plants. Untreated-uninoculated control plants showed little 

change in enzyme activity. 
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+ Conuo/ onuo 
-- L.rheobromae ----- L.rheobromae 
----.- T. harzianum ----.- T. virens 
----*---- T. harzianum + L.rheobromae ----*""- T. virens+ L.rheobromae 

Od 1d 2d 3d 4d 
Od 1d 2d 3d 4d 

Incubation period [days] 
Incubation period (days] 

Fig. 11: Phenylalanine ammonia lyase activity in treated and treated-inoculated 

seedlings of TS-449. 

A.Treated with Trichoderma harzianum. 

B.Treated with Trichoderma virens. 
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Table 19: Phenylalanine ammonia lyase (PAL) activity in seedlings of TS-449 pre

treated with phyla-extracts followed by challenge-inoculation of Lasiodiplodia 

theobromae. 

Treatments 

Control 

L.theobromae 

Azadirachta 
indica 
Azadirachta 
indica 
+ L.theobromae 

Acalypha indica 

Acalypha indica 
+ L. theobromae 
Catharanthus 
rose us 
Catharanthus 
roseus 
+ L.theobromae 
Jasmoinum 
jasminoides 
J. jasminoides 
+ L.theobromae 

PAL activity (!Jmol min-'g-1 fresh weight tissue) 

Days after inoculation 

Od 1d 2d 3d 4d 

2.5± 0.02 2.6± 0.04 2.5± 0.04 2.6± 0.05 2.7± 0.02 

2.5± 0.04 3.4± 0.05 3.6± 0.06 3.2± 0.03 3.0± 0.04 

2.80± 0.02 3.40± 0.03 5.14± 0.05 5. 73± 0.03 5.54± 0.05 

2.70± 0.02 3.88± 0.04 5.80± 0.03 7.71± 0.06 7.08± 0.06 

2.70± 0.03 4.08± 0.02 6.20± 0.03 5.80± 0.04 5.44± 0.05 

2.50± 0.02 4.16± 0.03 6.86± 0.04 6.52± 0.03 6.80± 0.04 

2.50± 0.03 3.53± 0.02 3.86± 0.04 4.24± 0.06 4.54± 0.05 

2.70± 0.05 4.24± 0.06 4.85± 0.04 5.24± 0.03 6.55± 0.05 

2.68± 0.04 3.25± 0.05 4.45± 0.05 4.85± 0.03 4.24± 0.02 

2.70± 0.04 3.80± 0.03 5.85± 0.02 6.25± 0.02 6.65± 0.06 

Mean of three replications; Data after± indicates standard error values. 
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Fig. 12: Phenylalanine ammonia lyase activity in treated and treated-inoculated 

seedlings of TS-449. 

A Treated with Azadirachta indica leaf extract 

B. Treated with Acalypha indica leaf extract 

C.Treated with Catharanthus roseus leaf extract 
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ChapterV 

4.5. Studies on defense related enzyme: polyphenol oxidase (PPO) 

Polyphenol oxidase (PPO) is one of the defense related enzymes related to 

phenyl-propanoid pathway. PPO acts on tannin in phenol form and convert tannin in 

quinone form, which has inhibitory activity against phytopathogenic microorganisms 

(Mahadevan and Sridhar, 1996). It has been reported that PPO activity can be 

significantly increased by application of SA (Meena eta/., 2001 ). 

4 .5.1. PPO activity with abiotic inducers 

A Susceptible variety (TS 449) was used for induction of PPO by abiotic 

inducers (NiCI2 , SA and JA). The detailed procedure of application has been 

discussed in materials and methods (Section-3.12.1 ). Enzyme activity was measured 

and recorded at every 24 h following treatment until the 4'" day after which the 

activity was found to decline. Methods of measuring the enzyme activity have been 

discussed in materials and methods (Section-3.14). 

It was evident from the results presented in Table 20 & Fig.13 that activity of 

PPO increased almost three fold in SA and JA treated plants that were challenge 

inoculated by L. theobromae. The uninoculated but treated plants showed a low 

increase in enzyme activity which was less than the activity showed by inoculated 

but untreated plants. NiCI2 treated plants showed an increase in enzyme activity 

similar to untreated inoculated plants, but challenge inoculation caused reduction in 

enzyme activity. Control set showed no significant change in PPO activity. 

4.5.2. PPO activity with biotic inducers 

Induction of PPO activity was studied following exogenous application of 

biotic inducers (T. harzianum and T. virens) following methods described in materials 

and methods (Section-3.12.2). 

From the results (Table 21 & Fig. 14) it was found that T. harzianum was a 

better inducer of PPO activity than T virens. Maximum activity was showed by 

treated plants (T. harzianum) that were challenge inoculated with L. theobromae. In 

T. virens treated plants, no significant change in activity occurred following challenge 
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inoculation. Enzyme activity in control sets remained almost unchanged throughout 

the duration of experiment. 

Table 20: Polyphenol oxidase (PPO) activity in seedlings of TS-449 pre-treated with 
abiotic inducers followed by challenge-inoculation of Lasiodiplodia 
theobromae. 

PPO activity= K x (AA min-1
) Jlmol min"' g·' fresh weight 

issue 
(K= 0.272 for polyphenol oxidase) 

Treatments 
Days after inoculation 

Od 1d 2d 3d 4d 

Control 2.72± 0.03 2.81± 0.04 3.08± 0.03 3.33± 0.03 3.54± 0.02 

L.theobromae 2.72± 0.4 3.16± 0.02 3.50± 0.02 4.24± 0.03 5.54± 0.02 

Nickel chloride 2.84± 0.03 3.54± 0.03 3.86± 0.02 4.78± 0.05 5.34± 0.04 

Nickel chloride 
2.90± 0.02 4.34± 0.05 4.86± 0.03 5.64± 0.04 4.86± 0.06 + L.theobromae 

Salicylic acid 2.74± 0.02 2.85± 0.04 3.25± 0.03 3.64± 0.04 3.85± 0.03 

Salicylic acid 
2.70± 0.02 3.55± 0.03 3.90± 0.04 4.45± 0.03 6.52± 0.02 + L.theobromae 

Jasmonic acid 2.64± 0.02 4.86± 0.04 5.42± 0.03 5.75± 0.04 4.86± 0.03 

Jasmonic acid 2.73± 0.04 4.94± 0.02 5.94± 0.03 6.25± 0.05 6.45± 0.04 + L.theobromae 
Mean of three replications; Data after± indicates standard error values. 

4.5.3. PPO activity with phyto-extracts 

Four different aqueous leaf extracts (Azadirachta indica. Acalypha indica, C. 

roseus and J. jasminoides) were used to induce PPO activity in tea plants. The 

detailed procedures of application of phy1o-extracts in order to induce PPO in tea 

plants have been discussed in materials and methods (Section-3.12.3). 

Results (Table 22 & Fig. 15) revealed an overall two to three fold increase in 

PPO activity in treated plants. Challenge inoculation with L. theobromae caused 

significant increase in enzyme activity in treated-inoculated sets. Maximum induction 
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Fig. 13: Polyphenol oxidase activity in treated and treated-inoculated seedlings 

of TS-449. 

A. Treated with Nickel chloride . 

B. Treated with Salicylic acid . 

C.Treated with Jasmonic acid . 
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was caused by Acalypha indica leaf extracts. Untreated-uninoculated sets showed 

no change in PPO activity. 

Table 21: Polyphenol oxidase (PPO) activity in seedlings of TS-449 pre-treated with 
biotic inducers followed by challenge-inoculation of Lasiodiplodia 
theobromae. 

PPO activity= K x (AA min-1
) J.U110I min·' g·' fresh weight 

issue 
(K= 0.272 for polyphenol oxidase) 

Treatments 
Days after inoculation 

Od 1d 2d 3d 4d 

Control 2.72± 0.03 2.81± 0.04 3.08± 0.03 3.33± 0.03 3.54± 0.02 

L. theobromae 2.72± 0.4 3.16± 0.02 3.50± 0.02 4.24± 0.03 5.54± 0.02 

T. harzianum 2.73± 0.03 3.5± 0.04 3.8± 0.02 4.8± 0.02 5.6± 0.03 

T. harzianum 2.70± 0.03 4.24± 0.04 4.85± 0.02 5.45± 0.03 6.80± 0.02 + L.theobromae 

T. virens 2.57± 0.02 2.89± 0.03 3.75± 0.04 4.25± 0.05 5.65± 0.03 

T. virens 2.65± 0.02 3.75± 0.04 5.45± 0.03 6.55± 0.02 5.45± 0.03 + L. theobromae 
Mean of three replications; Data after± indicates standard error values. 

4.5.4. Study of polyphenol oxidase isoform patterns 

Most of the defense related enzymes have several isozymes. Some isozymes are 

present constitutively while some other isozymes are known to be inducible. 

Inducible isozymes are of great importance in the study of induced resistance in 

plants as they are indicators of resistance induction. In the present study, it was 

considered worthwhile to find inducible isozymes, if any, of three different enzymes 

such as polyphenol oxidase, 13-1 ,3-glucanase and peroxidase. The detailed 

procedure of total soluble protein separation by polyacrylamide gel electrophoresis 

and PPO enzyme specific staining technique have been discussed in materials and 

methods (Section-3.18 & 3.19.1 respectively). 
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Table 22: Polyphenol oxidase activity in seedlings of TS-449 pre-treated with phyto
extracts followed by challenge-inoculation of Lasiodiplodia theobromae 

PPO activity = K x (.c.A min-') J.LITIOI min·' g·' fresh weight 
tissue 

(K= 0.272 for polyphenol oxidase) 
Treatments 

Days after inoculation 

Od 1d 2d 3d 4d 

Control 2.72± 0.03 2.81± 0.04 3.08± 0.03 3.33± 0.03 3.54± 0.02 

L.theobromae 2.72± 0.4 3.16± 0.02 3.50± 0.02 4.24± 0.03 5.54± 0.02 

Azadirachta 
2.80± 0.02 3.40± 0.03 5.14± 0.05 5.73± 0.03 5.54± 0.05 indica 

Azadirachta 
indica 2.70± 0.02 3.88± 0.04 5.80± 0.03 7.71± 0.06 6.82± 0.06 
+ L. theobromae 

Acalypha indica 2.70± 0.03 4.08± 0.02 6.20± 0.03 5.80± 0.04 5.44± 0.05 

Acalypha indica 
2.50± 0.02 4.16± 0.03 6.86± 0.04 6.52± 0.03 7.08± 0.04 

+ L.theobromae 
Catharanthus 

2.50± 0.03 3.53± 0.02 3.86± 0.04 4.24±0.06 4.54± 0.05 
rose us 
Catharanthus 
rose us 2.70± 0.05 4.24± 0.06 4.85± 0.04 5.24± 0.03 6.55± 0.05 
+ L. theobromae 
Jasmoinum 

2.68± 0.04 3.25± 0.05 4.45± 0.05 4.85± 0.03 4.24±0.02 
jasminoides 
J.jasminoides 

2.70± 0.04 3.80± 0.03 5.85± 0.02 6.25± 0.02 6.65± 0.06 +L.theobromae 
Mean of three replications; Data after± indicates standard error values. 

Polyacrylamide gel electrophoresis (PAGE) followed by enzyme specific 

staining of PPO was performed to visualize the expression of different isozymes in 

pre-treated and challenge-inoculated (by L. theobromae) susceptible tea plants (TS-

449). Pre-treatments were done by four different inducers viz. Azadirachta indica, 

Acalypha indica, Jasminum jasminoides and salicylic acid. PPO isozyme bands of 

different intensity as well as of different R1 (relative front) values were found when 

treated with different inducers (Plate XII). Altogether four different isozyme bands 

were visible (R1 = 0.09, 0.30, 0.40 and 0.50). Among these, two isoforms of R, 0.09 

and 0.05 were expressed constitutively in all the experimental and control sets. But 

in plants pre-treated with Acalypha indica aqueous leaf extract and salicylic acid, the 
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Fig. 15: Polyphenol oxidase activity in treated and treated-inoculated seedlings 

of TS-449. 

A. Treated with Azadirachta indica leaf extract. 

B. Treated with Acalypha indica leaf extract. 

C.Treated with Catharanthus roseus leaf extract. 

D.Treated with Jasminum jasminoides leaf extract. 
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~= 0.09 

~= 0.30 
~= 0.40 
~= 0.50 

Polyphenol oxidase isoform pattern was determined on 

susceptible tea seedlings (TS-449) treated with different inducers 

following challenge-inoculation by Lasiodiplodia theobromae 

using native Polyacrylamide gel electrophoresis. 

Lane-1: Treated with Azadirachta indica aqueous leaf extract. 

Lane-2: Treated with Acalypha indica aqueous leaf extract. 

Lane-3: Treated with salicylic acid . 

Lane-4: Treated with Jasminum jasminoides aqueous leaf extract. 

Lane-5: Untreated-uninoculated (control) . 
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isozyme having R, 0.09 was expressed at higher levels in comparison to untreated

uninoculated control. A very low intensity band of R, 0.40 was expressed in Acalypha 

indica leaf extract and SA treated plants. 

Plants treated with leaf extracts of Azadirachta indica, and Jasminum 

jasminoides (Lane 1 and lane 4 respectively) showed three isoforms of Rr 0.09, 0.30 

and 0.50. Untreated-uninoculated control plants (Lane 5) showed two bands of R, 

0.09 and 0.50. 
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Chapter VI 

4.6. Studies on defense related enzyme: 13-1,3-glucanase 

Among the pathogenesis related proteins, 13-1 ,3-glucanase plays an 

important role in plant defense against phyto-pathogenic fungi. 13-1 ,3-glucanase 

hydrolyse 13-1 ,3-glucans present in chitin, embedded in matrix (Lawrence et 

a/., 1996). Higher 13-1 ,3-glucanase activity in some resistant plants and low in the 

susceptible plants has been reported by Kini eta/., 2000. 

4.6.1. 13-1, 3-glucanase activity with abiotic inducers 

Activity of 13-1-3-glucanase was determined in tea plants by abiotic inducers 

(NiC12, SA and JA). The procedures of application of abiotic inducers and challenge

inoculation have been discussed in materials and methods (Section -3.12.1 ). The 

procedure for enzyme assay has been discussed in materials and methods (Section-

3.16). 

A maximum of five-fold increase in enzyme activity was found in SA treated 

plants (Table 23 & Fig.16). Activity was slightly more when treated plants were 

challenge inoculated by L. theobromae. A continuous increase in 13-1 ,3-glucanase 

activity was observed in SA treated or treated-inoculated plants until fourth day. But 

in JA and NiCI2 treated plants, it declined after the third day. Untreated but 

inoculated plants also showed rise in enzyme activity. However, the increase was 

much less compared to treated-inoculated sets. In control sets no significant 

increase in enzyme activity was found. 

4.6.2.13 -1, 3-glucanase activity with biotic inducers 

T. harzianum and T. virens were used as biotic inducers to induce 13-1 ,3-

glucanase activity in tea plants. The detailed procedure of application has been 

discussed in materials and methods (Section-3.12.2). 

From the results (Table 24 & Fig. 17) it was found that tea plants treated with 

T. virens and T. harzianum and challenge-inoculated by L. theobromae showed 

approximately five fold increase in enzyme levels in comparison to control. Enzyme 
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Table 23: 13-1 ,3-glucanase activity in seedlings of TS-449 pre-treated with abiotic 
inducers followed by challenge-inoculation of Lasiodiplodia theobromae. 

IJ-1,3-glucanase activity (nmol min-1mg-1 fresh weight tissue) 

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 10± 0.6 12± 0.5 10± 0.7 10± 0.6 10± 0.7 

L.theobromae 10± 0.5 14± 0.7 17± 0.5 20± 0.8 23± 0.5 

Nickel chloride 10± 0.4 24± 0.6 26± 0.4 25± 0.8 20± 0.4 

Nickel chloride 
10± 0.3 18± 0.4 33± 0.7 42± 0.9 28± 0.8 + L. theobromae 

Salicylic acid 10± 0.6 20± 0.7 35± 0.8 45± 0.8 50± 0.7 

Salicylic acid 
10± 0.6 23± 0.6 33± 0.7 47± 0.8 54± 0.9 + L.theobromae 

Jasmonic acid 10± 0.4 14± 0.6 17± 0.5 16± 0.4 12± 0.6 

Jasmonic acid 10± 0.3 15± 0.5 21± 0.7 27± 0.7 25± 0.8 
+ L.theobromae 
Data are the mean of three replicates; Data after± indicates standard error values. 

Table 24: 13-1,3-glucanase activity in seedlings of TS-449 pre-treated with biotic 
inducers followed by challenge-inoculation of Lasiodiplodia theobromae. 

13-1,3-glucanase activity (nmol min-1mg-l fresh weight tissue) 

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 10± 0.6 12± 0.5 10± 0.7 10± 0.6 10± 0.7 

L.theobromae 10± 0.5 14± 0.7 17± 0.5 20± 0.8 23± 0.5 

T. harzianum 10± 0.4 20.45± 0.3 28.63±0.4 35.20±0.5 38.6± 0.6 

T. harzianum 10± 0.3 25.32± 0.4 
+ L.theobromae 

35.52± 0.3 42.30± 0.2 45.2± 0.4 

T. virens 10± 0.6 20.42± 0.3 25.56± 0.5 32.65± 0.4 37.4± 0.3 

T. virens 10± 0.6 18.45±0.3 36.40± 0.4 45.53± 0.5 50.5± 0.3 
+ L.theobromae 
Data are the mean of three replicates; Data after± indicates standard error values. 
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Fig. 16: ~- 1 , 3-Giucanase activity in treated and treated-inoculated seedlings of 

TS-449. 

A. Treated with Nickel chloride. 

B. Treated with Salicylic acid . 

C.Treated with Jasmonic acid . 
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Fig. 17: 13-1 ,3-glucanase activity in treated and treated-inoculated seedlings of 

TS-449. 

A. Treated with Trichoderma harzianum. 

B. Treated with Trichoderma virens. 
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activity continued to increase until fourth day in all treatments. Both inducers 

produced similar rise in activity in treated and treated-inoculated sets. However, 

plants which were challenge inoculated showed higher activity than non-challenged 

plants. 

4.6.3. 13-1, 3-glucanase activity with phyto-extracts 

Induction of 13-1,3-g/ucanase activity was studied following exogenous 

application of botanical inducers (leaf extracts of Azadirachta indica, Acalypha 

indica, C. roseus and J. jasminoides) in tea plants (TS-449) following methods 

described in materials and methods(Section-3.12.3). 

From the results (Table 25 & Fig. 18) it was found that plants treated with 

Acalypha indica leaf extract and challenge-inoculated by L. theobromae showed 

maximum five-fold increase in 13-1,3-g/ucanase activity after third day of treatment 

after which the activity declined. Leaf extracts of Azadirachta indica produced 

minimum increase in activity among the other three plants tested. Control plants did 

not show any significant change in enzyme levels throughout the duration of the 

experiment. 

4.6.4. Study of 13-1 ,3-glucanase isoform patterns 

Study of 13-1,3-glucanase isozymes were carried out in one susceptible (TS-

449) and one resistant (TS-491) tea variety following pre-treatment separately with 

five different inducers (Acalypha indica, Catharanthus roseus, T. virens, T. 

harzianum and SA) and challenge-inoculation by L. theobromae. Procedure of total 

soluble protein separation by PAGE and 13-1,3-g/ucanase enzyme specific staining 

technique have been discussed in materials and methods (Section 3.18 & 3.19.2 

respectively). 

Separation of 13-1,3-g/ucanase isozymes in polyacrylamide gels are shown in 

Plates XIII and XIV. Differential expression of 13-1,3-glucanase isozymes were found 

in both the tested varieties(Piate XIII). Three different isozyme bands were visible 

with different Rr values (0.1, 0.35 and 0.45.) in each variety. Among these, two 

isoforms of Rr 0.1 and 0.35 were found as constitutive. But they were expressed at 

higher levels in treated-inoculated plants in comparison to untreated-uninoculated 

and treated-inoculated controls as evident from their differential band intensity in 
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both the varieties. An inducible 13-1 ,3-glucanase isozyme (R1 0.45) was found to 

express in treated-uninoculated (Plate XIII) and treated-inoculated (Plate XIV) plants. 

Table 25: 13-1 ,3-glucanase activity in seedlings of TS-449 pre-treated with different 
phyla-extracts followed by challenge-inoculation of Lasiodiplodia theobromae. 

Treatments 13-1 ,3-glucanase activity (nmol min-1mg-1 fresh weight tissue) 

Days after inoculation 

Od 1d 2d 3d 4d 

Control 10± 0.6 12± 0.5 10± 0.7 10± 0.6 10± 0.7 

L theobromae 10± 0.5 14± 0.7 17± 0.5 20± 0.8 23± 0.5 

Azadirachta 10± 0.5 12± 0.7 17± 0.8 25± 0.7 20± 0.6 
indica 
Azadirachta 10± 0.4 17± 0.6 20± 0.7 23± 0.7 20± 0.6 
indica 
+ L.theobromae 
Acalypha indica 10± 0.6 23± 0.8 28± 0.7 35± 0.9 40± 0.8 

Acalypha indica 10± 0.7 27± 0.6 42± 0.8 49± 0.8 48± 0.8 
+ L.theobromae 
Catharanthus 10± 0.6 33± 0.5 38± 0.8 42± 0.9 34± 0.8 
roseus 
Catharanthus 10± 0.5 27± 0.6 35± 0.7 47± 0.7 35± 0.8 
roseus 
+ L.theobromae 
Jasminum 1 0± 0.4 18± 0.5 26± 0.6 32± 0.4 31± 0.3 
jasminoides 
J. jasminoides 10± 0.2 23± 0.5 28± 0.3 32± 0.4 27± 0.5 
+ L. theobromae 
Data are the mean of three replicates; Data after± indicates standard error values. 



124 

-+- Control -+- Control 
- L.rheobromae - L.theobromae 
----.- Azadirachra indica ~Acalypha indica 
~ Azadirachra indica + L. theobromae ---?<::-- A catypha indica + L.theobromae 

50 

~- 50 ~ ~ 

'a ~ 
tc VI 

40 ~ ;:: 
VI ' 
reO 

~ 
/ ---~--

=• 30 (C = <.> -
,:aE 
e> - 20 , 0 
M. E 
..-:: . -c. 10 

0 0 
0 d 1d 2d 3d 4d Od 1d 2d 3d 4d 

Incubation pe riod [days) Incubation period [days) 

--+--- Control -+- Control 
------ L.cheobromae ----- L.theobromae 
- Cacharamhus roseus ----.- Jasminum jasminoides 
~ Cacharamhus roseus + L.theobromae ~ J. · smino;des+ L.lheobromae 

50 

~ - 50 
~ ~ 

'a~ 
tc VI 40 ~ ;: 
VI ' rcc 

=· (C = 30 
<.>-
,:aE 
(,!) - 20 , 0 
M E .... · = ·-CQ. 10 

0 

Od 1d 2d 3d 4d 0 d 1d 2d 3d 4d 

~ Incubation period [days) Incubation period [days) 

Fig. 18: ~-1 ,3-glucanase activity in treated and treated-inoculated seedlings of 

TS-449. 

A. Treated with Azadirachta indica leaf extract. 

B. Treated with Acalypha indica leaf extract. 

C.Treated with Catharanthus roseus leaf extract. 

D.Treated with Jasminum jasminoides leaf extract. 
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Lane - 1 Lane - 2 Lane - 3 Lane - 4 Lane - 5 Lane - 6 

R, = 0.1 

R, = 0.35 

R, = 0.45 

'P'4'1'" 
13 -1, 3-glucanase isozyme pattern was studied on two different tea 

varieties using Polyacrylamide gel electrophoresis. 

Lane-1: Plants (TS-491) inoculated by Lasiodiplodia theobromae. 

Lane-2: Plants (TS-491) treated with Acalypha indica and inoculated by 

Lasiodiplodia theobromae. 

Lane-3: Plants (TS-449) inoculated by Lasiodiplodia theobromae. 

Lane-4: Plants (TS-449) treated with Acalypha indica and inoculated by 

Lasiodiplodia theobromae. 

Lane-5: Plants (TS-491) untreated-uninoculated (control ). 

Lane-6: Plants (TS-449) untreated-uninoculated (control ). 
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PLATE XIV 

~ - 1, 3- glucanase isoform pattern was studied on susceptible tea 

plants (TS-449) treated with different inducers following challenge

inoculation by Lasiodiplodia theobromae 

Lane-1: Plants inoculated by Lasiodiplodia theobromae. 

Lane-2: Plants treated with Trichoderma virens. 

Lane-3:Piants treated with Catheranthus roseus leaf extract. 

Lane-4: Plants treated with salicylic acid . 

Lane-S: Plants treated with Trichderma harzianum. 
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Chapter VII 

4.7. Studies on defense related enzyme: Chitinase 

Many phytopathogenic fungi contain chitin as major structural cell wall 

component (Wessels and Sietsma, 1981). Chitinases commonly known as plant 

hydrolases, are the key defense enzymes for plant protection against fungal 

pathogens. Chitinase degrade chitin present in fungal cell-wall components. Several 

authors have demonstrated the activity of chitinase as growth inhibitor of fungi 

(Mauch eta/., 1988; Alirio eta/., 1992; Elzen and Cornelissen, 1993). One of the 

most studied defense responses is the induction of pathogenesis-related proteins 

(PRs). Among the PRs, chitinase is of particular interest. Hence, induction of 

chitinase activity was taken into consideration in the present study. 

4.7.1. Chitinase activity with abiotic inducers 

Three different abiotic inducers (NiCI2 , SA and JA) were used to elicit defense 

response in tea seedlings (TS-449). The level of chitinase activity was studied in 

different treatments. The detailed procedure of inducer application has been 

discussed in materials and methods (Section 3.12.1) and the procedure of 

determining enzyme activity has been discussed in materials and methods (Section 

3.15.1). 

Results (Table 26 & Fig.19) indicated that nickel chloride treated plants 

showed maximum chitinase activity on third day following challenge inoculation with 

L. theobromae. Challenge inoculated plants showed higher activity than uninoculated 

plants. SA also produced good increase in activity in treated plants. Chitinase activity 

was found to be highest on the third day in the treated sets after which it declined. 

Untreated-inoculated plants also recorded increase in chitinase activity which was 

highest on the second day. The control sets did not show any significant change in 

activity. 
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Table 26: Chitinase activity in seedlings of TS-449 pre-treated with abiotic inducers 
followed by challenge-inoculation of Lasiodiplodia theobromae. 

Chitinase activity ( mg GlcNac g-1 h-1 fresh weight tissue) 

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 3.0± 0.04 3.2± 0.02 3.5± 0.01 3.0± 0.02 3.0± 0.03 

L. theobromae 3.2± 0.02 4.0± 0.03 5.3± 0.03 4.2± 0.02 3.5± 0.03 

Nickel chloride 3.0± 0.02 6.0± 0.03 5.0± 0.02 4.4± 0.03 4.0± 0.02 

Nickel chloride 
3.0± 0.04 5.5± 0.06 6.8± 0.05 8.0± 0.06 7.4± 0.07 + L. theobromae 

Salicylic acid 3.3± 0.06 4.5± 0.05 6.5± 0.7 5.4± 0.06 4.8± 0.05 

Salicylic acid 
3.3± 0.05 4.2± 0.06 6.2± 0.05 7.2± 0.08 5.5± 0.07 + L.theobromae 

Jasmonic acid 3.0± 0.02 3.4± 0.03 3.9± 0.02 4.2± 0.04 3.6± 0.05 

Jasmonic acid 
3.0± 0.04 3.8± 0.04 4.5± 0.03 5.8± 0.02 3.5± 0.05 

+ L. theobromae 
Data is the mean of three replicates ; Data after ± indicates standard error values. 

4.7.2. Chitinase activity with biotic inducers 

Trichoderma harzianum and Trichoderma virens were used as biotic inducers 

to induce chitinase activity. Six month old susceptible tea plants (TS-449) were used 

for the purpose. Application procedure of biotic inducers has been discussed in 

materials and methods (Section 3.12.2) . 

Results (Table 27 & Fig . 20) revealed that T. harzianum is a better inducer of 

chitinase activity than T. virens. Enzyme levels showed a peak on the third day with 

an overall two to three fold increase in comparison to control. Challenge inoculation 

with L. theobromae increased chitinase levels considerably in both treatments. 

4.7.3. Chitinase activity with phyto-extracts 

Aqueous leaf extracts of Azadirachta indica , Acalypha indica , C. roseus and 

J. jasminoides were applied exogenously in order to induce chitinase activity in tea 

plants (TS 449) . The procedures of application have been discussed in materials and 

methods (Section 3.12.3) . 
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Fig. 19: Chitinase activity in treated and treated-inoculated seedlings of 

TS-449 . 

A. Treated with Nickel chloride. 

B. Treated with Salicylic acid . 

C.Treated with Jasmonic acid . 
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Table 27: Chitinase activity in seedlings of TS-449 pre-treated with biotic inducers 
followed by challenge-inoculation of Lasiodiplodia theobromae. 

Treatments 

Control 

L. theobromae 

T. harzianum 

T. harzianum 

+ L. theobromae 

T. virens 

T. virens 

+ L. theobromae 

Chitinase activity ( mg GlcNac g-1 h-1 fresh weight tissue) 

Days after inoculation 

Od 1d 2d 3d 4d 

3.0± 0.04 3.2± 0.02 3.5± 0.01 3.0± 0.02 3.0±0.03 

3.2± 0.02 4.0± 0.03 5.3± 0.03 4.2± 0.02 3.5±0.03 

3.4± 0.05 4.2± 0.05 4.8± 0.07 5.5± 0.06 5.8± 0.06 

3.4± 0.04 5.2± 0.05 6.6± 0.08 8.7± 0.09 7.5± 0.08 

3.5± 0.06 3.9± 0.04 4.3± 0.05 4.8± 0.06 4.2± 0.07 

3.5± 0.06 4.5± 0.07 5.8± 0.06 6.5± 0.07 5.6.±0.06 

Data is the mean of three replicate?; Data after± ind icates standard error values. 

There was a general two fold increase in chitinase levels in all treatments. 

The plants pretreated with leaf extract of Acalypha indica showed maximum 

chitinase induction which showed a peak after three days of treatment. This was 

higher than pathogen induced rise in chitinase levels. Highest activity was recorded 

in treated-inoculated sets. Untreated and untreated control set showed no increase 

in chitinase activity. Azadirachta indica was also a suitable inducer of chitinase, 

which showed similar increase in chitinase levels. The other two tested extracts also 

induced the enzyme with respect to control. 

4.7.4. Study of chitinase activity by chitin supplemented plate method 

Tea plants of seven varieties (TS-464, TS-491 , TS-506, TS-520, TS-489, TS-

449 and TS-463) were induced by two different selected inducers (extract of 

Acalypha indica and nickel chloride) . After treatment, chitinase was extracted 

following the method as described in the materials and methods (Section-3.15.1 ). 

Details of the technique have also been discussed in materials and methods 

(Section-3.15.2) . Diameters of lytic zones along with intensity of the lytic zones 
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Fig. 20: Chitinase oxidase activity in treated and treated-inoculated seedl ings of 

TS-449. 

A. Treated with Trichoderma harzianum. 

B. Treated with Trichoderma virens. 
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Table 28: Chitinase activity in seedlings of TS-449 pre-treated with different phyto
extracts followed by challenge-inoculation of Lasiodiplodia theobromae. 

Chitinase activity (1mg GlcNac g-1 
h-

1 fresh weight tissue) 
-----

Treatments Days after inoculation 

Od 1d 2d 3d 4d 

Control 3.0± 0.04 3.2± 0.02 3.5± 0.01 3.0± 0.02 3.0± 0.03 

L. theobromae 3.2± 0.02 4.0± 0.03 5.3± 0.03 4.2± 0.02 3.5± 0.03 

Azadirachta 
3.2± 0.04 3.5± 0.05 4.4± 0.06 6.0± 0.05 4.5± 0.07 

indica 
Azadirachta 
indica 3.2± 0.05 3.9± 0.04 5.8± 0.06 6.5± 0.07 5.4± 0.06 
+ L. theobromae 

Acalypha indica 3.3± 0.04 4.5± 0.07 5.8± 0.06 6.0± 0.07 4.3± 0.05 

Acalypha indica 
3.2± 0.04 4.6± 0.06 6.4± 0.06 6.5± 0.07 6.0± 0.06 

+ L. theobromae 
Catharanthus 

3.0± 0.05 4.6± 0.07 5.2± 0.06 5.8± 0.04 4.5± 0.05 
rose us 
Catharanthus 
rose us 3.0± 0.05 3.5± 0.04 4.8± 0.06 6.5± 0.07 5.5± 0.07 
+ L. theobromae 
Jasminum 

3.2± 0.04 3.5± 0.05 4.5± 0.07 5.0± 0.03 4.7± 0.04 
jasminoides 
J.jasminoides 

3.7± 0.05 4.2± 0.03 5.8± 0.06 5.2± 0.02 4.5± 0.03 
+ L. theobromae 
Data is the mean of three replicates ; Data after ± indicates standard error values. 

produced on plates were considered as indicator of chitinase activity in different 

varieties. It was evident from the results (Table 29 & Plate XV & XVI) that diameter of 

lytic zone was 26 .5mm with very high intensity grade in Acalypha indica leaf extract 

treated and inoculated susceptible plants. Under similar condition resistant plants 

showed lytic zone of 23 .0 mm in diameter with moderately high intensity grade. 

Other tested varieties showed lytic zone diameter between 23 .5mm and 24mm. 

Intensity grade ranged between high to very high. Similarly, nickel chloride treated 

and challenge-inoculated susceptible plants showed lytic zone of 25.3mm and very 

high intensity grade. Resistant plants treated with nickel chloride and challenge

inoculated with L. theobromae showed chitinase activity of 24.8mm in diameter with 

very high intensity grade. Although variation of the diameters of the lytic zones were 
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Fig. 21: Chitinase activity in treated and treated-inoculated seed lings of TS-449 . 

A Treated with Azadirachta indica leaf extract 

B.Treated with Acalypha indica leaf extract 

C. Treated with Catharanthus roseus leaf extract 

D.Treated with Jasminum jasminoides leaf extract 
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Table 29: Chitinase activity of treated-inoculated tea plants of different varieties. 

Diameter (mm)* of lytic zones in different tea seed varieties 

Treatments 
(enzyme activity grade)** 

TS- 449 TS-464 TS- 520 TS- 506 TS- 489 TS- 463 TS- 491 

Control 
20.0 20.6 21.2 20.5 20.0 20.5 22.0 
(+) {+) {+) (+) (+) (+) (+) 

L. theobromae 
22.5 22.4 22.0 22.6 22.0 22.0 22.5 
(++) (++) (++) (++) (+) (+) (+) 

Acalypha indica 
25.0 25.0 24.5 23.5 22.8 22.0 23.7 

(++++) (+++) (++) (++) (++) (++) (++) 

A. indica 26.5 24.0 23.6 23.5 23.0 23.5 23.0 
+ L. theobromae (++++) (++++) (++++) (++++) (+++) (+++) (+++) 

Nickel chloride 
23.8 23.6 23.4 23.2 23.5 23.6 23.6 
(+++) (++) (++) (++) (+++) (++) (++) 

Nickel chloride + 25.3 24.2 24.0 24.0 23.6 24.7 24.8 
L. theobromae (++++) (++++) (++++) (++++) (+++) (+++) (+++) 

*Diameter of the petriplates = 90mm. 
**Enzyme activity expressed by intensity grades of the lytic zones: + = very low, ++ = 
low, +++=high,++++= very high. 

not very significant but the intensity of the lytic zones significantly differed from the 

control set which produced a very low intensity grade 
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Chitinase activity in differentially treated tea plants in chitin 
supplemented plates. 

fig. a: TS-489: 1 =Control , 2 = Nickel chloride, 3 =Nickel chloride+ L. 
theobromae, 4 = L. theobromae, 5 = Acalypha indica + L. 
theobromae, 6 =Acalypha indica. 

fig. b: TS-463: 1 =Control , 2 = L. theobromae, 3 =Nickel chloride, 4 = 
Nickel chloride + L. theobromae; 5 = Acalypha indica , 6 = 
Acalypha indica+ L. theobromae. 

fig. C: TS-491 : 1 =Control , 2 = L. theobromae, 3 =Nickel chloride, 4 = 
Nickel chloride + L. theobromae, 5 = Acalypha indica , 6 = 
Acalypha indica+ L. t heobromae. 
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PLATE XVI 

Chitinase activity in differentially treated tea plants in chitin 
supplemented plates 

fig.a: TS-449: 1 =Control , 2=Nickel chloride + L. theobromae, 3 = 
Nickel chloride , 4 = L. theobromae , 5 =Acalypha indica, 6 = 
Acalypha indica+ L. theobromae. 

fig. b: TS-464 : 1 =Control , 2 = L. theobromae, 3 =Nickel chloride, 4 = 
Nickel chloride + L. theobromae; 5 = Acalypha indica, 6 = 
Acalypha indica+ L. theobromae. 

fig. c: TS-520: 1 =Control , 2 = L.theobromae, 3 =Nickel chloride, 4 = 
Nickel chloride + L. theobromae; 5 = Acalypha indica, 6 = 
Acalypha indica+ L. theobromae. 

fig. d: TS-506: 1 =Control , 2 = L. theobromae, 3 =Nickel chloride, 4 = 
Nickel chloride + L.theobromae; 5 = Acalypha indica, 6 = 
Acalypha indica+ L. theobromae. 
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Chapter VIII 

4.8. Studies on defense related enzyme: peroxidase 

Peroxidase is a stress related defense enzyme, induced in plants under 

various environmental changes such as heavy metals, salts, temperature (Kiwan and 

Lee, 2003), air pollution, (Lee et a/., 2000). Salicylic acid acts as an endogenous 

signal in the induction of systemic acquired resistance (SAR) (Gaffney et a/., 1993) 

and produces pathogenesis-related proteins (PRs) like peroxidase (PR-9) along with 

chitinase (PR-3) and ~-1 ,3-glucanase (PR-2). Like the other defense related 

enzymes, peroxidase was also studied for its role, if any, in tea. The detailed 

procedures of enzyme extraction and assay have been discussed in materials and 

methods (Sections 3.17). Peroxidase activity was induced by abiotic, biotic and also 

by plant extracts. Details of application procedures of application of different inducers 

have been discussed in the materials and methods (Section 3.12). 

4.8.1. Peroxidase activity with abiotic inducer 

Nickel chloride, SA acid and JA were used as abiotic inducers to induce 

resistance in tea plants (TS-449) following which the changes in levels of peroxidase 

activity was studied. The detailed procedure of application has been discussed in 

materials and methods (Section-3.12.2). 

From the results (Table 30 & Fig. 22) it was observed that NiCI, is the best 

inducer of peroxidase activity which increased approximately 2.5 fold on the third day 

after challenge inoculation with L. theobromae. Untreated plants that were inoculated 

with L. theobromae showed only marginal increase in enzyme activity. SA and JA 

treated plants showed similar increase in enzyme levels which increased further on 

challenge inoculation. Untreated-uninoculated control sets showed no change in 

peroxidase levels. 

4.8.2. Peroxidase activity with biotic inducers 

T. harzianum and T. virens were used as biotic inducers on tea plants (TS-

449) and the level of peroxidase was studied. 
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Table 30: Peroxidase activity in seedlings of TS-449 pre-treated with abiotic 
inducers followed by challenge-inoculation of Lasiodiplodia theobromae. 

Treatments 

Control 

L. theobromae 

Nickel chloride 

Nickel chloride+ 
L. theobromae 

Salicylic acid 

Salicylic acid 
+ L.theobromae 

Jasmonic acid 

Jasmonic acid 
+ L. theobromae 

Peroxidase activity (aft. 420 min -1 g -1 fresh weight tissue) 
1 unit= 0.001 Absorbance 

Days after inoculation 

Od 1d 2d 3d 4d 

60±2 62± 3 60± 3 60±2 60± 4 

60± 3 66±4 81± 4 83± 5 85± 3 

60± 7 68±6 115± 7 135± 10 140± 13 

60± 6 85± 7 135± 13 155± 14 135± 11 

60± 7 75±8 84± 8 95±9 114± 7 

60±5 78± 7 90± 8 114± 9 135± 7 

60± 7 78± 3 82± 2 94± 5 106±4 

60±6 84± 5 98± 6 112± 3 85± 5 

Data is the mean of three replicates; Data after± indicates standard error values. 

From the results (Table 31 & Fig. 23) it was found that tea plants treated with 

both T. virens and T. harzianum showed nearly three-fold increase in enzyme activity 

after challenge-inoculation by L. theobromae. Maximum activity was observed on 

the 4th day. Unchallenged plants showed lower levels of peroxidase than challenge

inoculated plants. Control sets did not show any change in enzyme activity. 

4.8.3. Peroxidase activity. with phyto-extracts 

Peroxidase activities were measured after pre-treatment of tea plants with 

aqueous leaf extracts of Azadirachta indica, Acalypha indica, C. roseus and J. 

jasminoides). 

From the results (Table 32 & Fig. 24) it was found that plants treated with 

Acalypha indica leaf extract and challenge-inoculated by L. theobromae showed 

maximum increase in peroxidase levels. Activity gradually increased and reached a 
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Fig. 22: Peroxidase activity in treated and treated-inoculated seedlings of 

TS-449. 

A. Treated with Nickel chloride. 

B. Treated with Salicylic acid . 

C. Treated with Jasmonic acid . 
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peak on the third day with approximately 2.5 fold increases in comparison to control. 

Challenge inoculated plants showed higher enzyme activity than uninoculated but 

treated plants. 

Table 31: Peroxidase activity in seedlings of TS-449 pre-treated with biotic inducers 
followed by challenge-inoculation of Lasiodiplodia theobromae. 

Treatments 

Control 

L.theobromae 

T. harzianum 

T. harzianum 
+ L.theobromae 

T. virens 

T. virens 
+ L. theobromae 

Peroxidase activity (AA 420 min -i g -i fresh weight tissue) 
1 unit= 0.001 Absorbance 

Days after inoculation 

Od 1d 2d 3d 4d 

60± 2 62± 3 60± 3 60±2 60±4 

60± 3 66±4 81± 4 83± 5 85± 3 

60± 5 80± 7 128± 8 132± 8 136± 9 

60±4 115± 6 142± 8 156± 8 162± 12 

60±6 75±8 118± 9 137± 8 138± 8 

60±6 85± 7 126± 7 158± 8 163± 7 

Data is the mean of three replicates; Data after± indicates standard error values. 

4.8.4. Study of peroxidase isoform patterns 

Peroxidase isoform patterns were studied in tea plants (TS-449) separately 

treated with two different inducers (Azdirachta indica, Acalypha indica) and the 

treated plants were challenge-inoculated. It was found that plants treated with 

Azdirachta indica and Acalypha indica showed prominent peroxidsae isoforms with 

two major bands (Plate XVII). 

The peroxidase isozyme analysis was performed following procedures 

described in materials and methods (Section 3.19.3). After 3 days, two major bands 

(approx mass 38KDa and 33 KDa) were observed in all treatments. Staining intensity 

was more for the slower migrating isozyme in case of untreated-inoculated plants. 
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Fig. 23: Peroxidase activity in treated and treated-inoculated seed lings of TS-

449. 

A. Treated with Trichoderma harzianum. 

B. Treated with Trichoderma virens. 
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Table 32: Peroxidase activity in seedlings of TS-449 pre-treated with phyto-extracts 
followed by challenge-inoculation of Lasiodiplodia theobromae. 

Peroxidase activity (.C.A 420 min _, g -i fresh weight tissue) 
1 unit= 0.001 Absorbance 

Treatments 
Days after inoculation 

Od 1d 2d 3d 4d 

Control 60± 2 62± 3 60± 3 60±2 60±4 

L.theobromae 60± 3 66±4 81± 4 83± 5 85± 3 

Azadirachta 60± 7 68±7 110± 8 145± 12 105± 8 
indica 
Azadirachta 
indica 60±6 75± 7 125± 9 140± 13 115± 8 
+ L.theobromae 

Acalypha indica 60±7 75± 8 95± 7 145± 12 105± 8 

Acalypha indica 60± 6 70± 7 135± 7 155± 7 128± 7 + L.theobromae 
Catharanthus 
rose us 

60± 7 64±6 81± 9 95±8 70± 8 

Catharanthus 
rose us 60±6 75± 8 125± 8 145± 13 140± 12 
+ L.theobromae 
Jasminum 60±4 65± 6 73± 5 82±4 75± 6 
jasminoides 
J. jasminoides 60±7 72±6 82±7 95± 8 106± 9 
+ L. theobromae 
Data is the mean of three replicates; Data after ± indicates standard error values. 

While both isozymes were less intense in control and treated-uninoculated 

sets, a particular band of molecular mass approximately 33 KDa showed maximum 

intensity in the treated-inoculated leaf samples. The peroxidase isozyme induced by 

pathogen infection appeared to be different from that induced following treatment 

with leaf extract and then challenge-inoculated with pathogen. Expression of the 33 

KDa isozyme did not increase much following treatment with phyto-extract but 

increased dramatically when these treated plants were inoculated with L. 

theobromae. 
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Fig. 24: Peroxidase activity in treated and treated-inoculated seedlings of TS-449. 

A. Treated with Azadirachta indica leaf extract. 

B. Treated with Acalypha indica leaf extract. 

C.Treated with Catharanthus roseus leaf extract. 

D.Treated with Jasminum jasminoides leaf extract. 
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Lane -1 Lane - 2 Lane - 3 Lane - 4 Lane- 5 

38 kDa 

33 kDa 

PLATE XVII 

Peroxidase isoform pattern studied on susceptible tea seed variety 

(TS-449) treated with different phyto-extracts following challenge

inoculation with Lasiodiplodia theobromae. 

Lane-1: Treated with Azadirachta indica aqueous leaf extract and 

inoculated. 

Lane-2: Treated with Acalypha indica aqueous leaf extract and inoculated. 

Lane-3: Treated with Acalypha indica aqueous leaf extract. 

Lane-4: Untreated and inoculated. 

Lane-S: Untreated-uninoculated (Control). 
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Chapter IX 

4.9. Foliar application of inducers, for controlling diplodia disease 

caused by L. theobromae in tea plants 

Tea seedlings (TS-449) were treated with several inducers (plant 

extracts/abiotic inducer/biotic inducer) separately and challenge-inoculated by L. 

theobromae. In control set. sterile distilled water was sprayed instead of inducer. 

Mean foliar disease index I plant were calculated after 4, 8, 12 and 16 days of 

inoculation following the methods described by Sinha and Das (1972). Procedures of 

inducer application, foliar inoculation technique and assessment of disease have 

been discussed in materials and methods (Section 3.12. 3.6.1 & 3.6.3 respectively). 

The results were noted in Tables 33, 34 & 35. 

From the results (Table 33) it was evident that all the four phyto-extracts, 

when applied, showed significant reduction in mean foliar disease index/plant. It may 

be noted here that none of the tested leaf extracts showed antifungal activity towards 

L. theobromae when tested in vitro (data not shown). Tea plants treated with 

Azadirachta indica aqueous leaf extracts showed maximum control of the disease 

with mean foliar disease index of only 15.3 followed by Acalypha indica with mean 

foliar disease index of 16.3 after 16 days of inoculation. C. roseus and J. jasminoides 

treated plants also showed significant reduction in disease index. Among the abiotic 

inducers (Table 34), SA and NiCI2 treated plants exhibited lower mean foliar disease 

index (16.7 and 21.7 respectively) values in comparison to untreated-inoculated 

(control), where mean foliar disease index was found to be 67.5 after 16 days. 

Similarly, challenge inoculation of plants by L. theobromae was performed after 

treatment by two biotic inducers, T. virens and T. hatzianum (Table 35). Plants 

treated with both inducers showed reduction in mean foliar disease index (16.8 and 

24.7 respectively) in comparison to control plants. 
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Table 33: Disease incidence following application of aqueous leaf extracts in 
susceptible tea seedl ings (TS-449) against Lasiodiplodia theobromae. 

Treatments 
Mean foliar disease index/plant* 

4 days 8 days 12 days 16 days 

L. theobromae 14.6±0.05 25.7±0.04 52.4±0.08 67.5±0.02 

Az. indica leaf extract+ 
4.3±0.06 7.4±0.02 12.5±0.07 15.3±0.03 L. theobromae 

Acalyopha indica leaf 
5.3±0.05 8.4±0.07 13.6±0.03 16.3±0.06 extract+ L. theobromae 

Cathatanthus soreus 
leaf extract+ 8.4±0.06 12.3±0.03 15.7±0.05 18.5±0.02 
L. theobromae 
Jasminum 
jasminoides+ 9.2±0.04 15.4±0.06 23.5±0.04 32 .6±0.06 
L. theobromae 

CD at 5% 4.09 4.30 3.80 3.20 

*Mean of three replicates ; Data after± indicates standard error values. 

Table 34: Disease incidence following application of abiotic inducers in susceptible 
tea seedlings (TS-449) against Lasiodiplodia theobromae. 

Treatments 
Mean foliar disease index/plant* 

4 days 8 days 12 days 16 days 

L. theobromae 14.6±0.05 25 .7±0.04 52.4±0.08 67 .5±0.02 

Salicylic acid 
4.5±0.02 7.2±0.03 12.6±0.05 16.7±0.06 + L. theobromae 

Niche! chloride 
5.6±0.06 8.5±0.04 15.8±0.03 21 .7±0.02 + L. theobromae 

Jasmonic acid 
7.6±0.03 12.7±0.04 16.8±0.07 22 .5±0.05 + L. theobromae 

CD at 5% 4.12 3.70 3.15 2.80 

*Mean of three replicates ; Data after± indicates standard error values. 
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Table 35: Disease incidence following application of biotic inducers in susceptible 
tea seedl ings (TS-449) against Lasiodiplodia theobromae. 

Treatments 
Mean foliar disease index/plant* 

4 days 8 days 12 days 16 days 

L. theobromae 14.6±0.05 25.7±0.04 52.4±0.08 67. 5±0.02 

Trichoderma virens 
6.5±0.03 8.2±0.05 12.7±0.04 16.8±0.02 + L. theobromae 

Trichoderma 
harzianum 7.8±0.06 12.9±0.04 16.8±0.05 24 .7±0.03 
+ L. theobromae 

CD at 5% 3.25 4.86 4.20 3.42 

*Mean of three replicates; Data after± indicates standard error values. 
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Tea [Camellia sinensis (L.) 0. Kuntze.] is a non-alcoholic beverage having 

medicinal importance and popularity worldwide. The economy of north east India 

largely depends upon the cultivation of tea. Tea occupies a substantial part in 

Indian agro-export. In north east India It is grown in the hills as well as in the 

foothills. Darjeeling hills, foothills and other states of north east India produces 

substantial quantity of tea. In addition to the quantity, the quality of Darjeeling tea 

is also well known. In India, cultivation of tea started from the seeds of wild 

variety during 1830 AD. Presently, tea plants are grown from clonal cuttings as 

well as raised from seeds. Seed varieties are of great importance for their well 

developed tap root system. In the hilly slopes, seed varieties can well adapt due 

to their long tap root system. Some of the elite seed varieties are well known for 

their quality and production. Several seed varieties have been recognized and 

certified by Tocklai Experimental Station, a premier tea research institute of north 

east India. To get healthy plants healthy seedlings are also required. A main 

factor limiting the yield and quality of horticultural crops is their susceptibility to 

diseases (Rizza eta/., 2002). 

Although, several fungi have been reported to attack young tea plants in 

the tea seed nurseries but not all were of much importance. Two different fungi 

(Lasiodip/odia theobromae and Rhizoctonia solani) were found to produce 

diseases in the nurseries in the foot-hills of Darjeeling district (West Bengal, 

India). The fungus, Lasiodip/odia theobromae was consistently found to be 

associated with the young tea plants. On the other hand Rhizoctonia solani was 

found to be associated with tea roots and seeds. Lasiodiplodia theobromae 

produce diplodia disease in tea and the disease is of considerable importance 

because it can attack any part of the tea plant (root, stem and leaf) (Sarmah, 

1960) and of all ages (Sarmah, 1960; Chandramouli, 1999; Singh, 2005). 

Presently, an alternative to chemical fungicides, environment-friendly 

disease control measures are being given utmost importance. Proper disease 

management are possible only when basic knowledge on pathogenesis of 

disease agents in the host as well as the role of different defence related 

enzymes are known. In the present study an attempt has been made to study the 

role of different defence related enzymes and their induction by different 
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inducers, if any. However, before induction, resistance and susceptibility of the 

tested varieties were also determined following conventional pathogenicity and 

serological tests (on the basis of the level of cross reactive antigens). It is likely 

that the results will broaden the scientific base upon which total control of fungal 

diseases of tea in nursery and tea garden may be established through an 

integrated disease management programme. 

The present study was performed to control diplodia disease caused by 

Lasiodiplodia theobromae. Lasiodip/odia theobromae (Pat.) Griffon & Mauble 

(=Botryodiplodia theobromae Pat.) was originally isolated from naturally infected 

tea leaves in the nursery of taipoo tea estate, Bagdogra, West Bengal. After 

verification of Koch's postulations the fungus was identified in the laboratory and 

was also sent to Indian Type Culture Collection, IARI, New Delhi for identification. 

Lasiodiplodia theobromae play a major role for the failure of seedlings production 

in the tea nurseries. 

Degree of susceptibility or resistance of a particular variety to a 

pathogenic fungus is determined through its differential pathogenicity to different 

varieties. However, pathogenicity of different fungi to a particular plant variety 

gives us information about different infecting ability of different pathogens. 

Pathogenicity of Lasiodiplodia theobromae was tested following two different 

techniques, viz. root inoculation and leaf inoculation technique. Results obtained 

from both the techniques were in agreement with each other. Dickens and Cook 

(1989) used leaf inoculation technique to detect resistance and susceptibility of 

Camellia plants against G/omerel/a cingulata. Kobriger et a/., 1998 used root 

inoculation technique to assess root rot of snap bean in Wisconsin fields. 

Brennan et a/. (2003) reported pathogenicity of five different fungal pathogens 

viz. Fusarium areenaceum, F. culmorum, F. graminearum, F. poae and 

Macrodochium niva/e on coleoptile growth rate of wheat seedlings (cv. Falstaff) in 

vitro. Yanase and Takeda (1987) also detected the resistance of tea varieties to 

grey blight disease of tea caused by Pestalotiopsis longiseta in Laboratory 

condition in Japan. 

From the results it was found that pathogenicity of L. theobromae clearly 

showed TS-449 as the most susceptible and TS-491 as the most resistant among 

the seven different tea seed varieties tested. The results also indicated the 

differential resistance and susceptibility of the other five varieties. Saha et a/., 
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2001 also reported TV-12 and TV-25 as most susceptible and resistant clonal 

varieties respectively against C. eragrostitis. Chakraborty and Saha (1994a) 

reported TV-26, TV-25 and TV-16 as resistant and TV-18, TV-9 and TV-17 as 

succeptable varieties against Bipo/aris carbonum, a foliar fungal pathogen of tea. 

Pathogenicity of other foliar tea pathogens like Pestalotiopsis theae and 

Col/etotrichum cammelliae were studied by Chakraborty et a/. (1995). They 

reported TV-18 as highly susceptible and TV-9 as moderately resistant among 

different clonal and seed varieties of tea. Hu-Shu Xia (1996) reported the 

pathogenicity of P. theae in 18 tea cultivers in Anhui province, China and found 

that two cultivers as highly resistant. Raja and Reddy (2007) showed disease 

index of some solanaceus plants by conventional pathogenicity test of Alternaria 

spp, a pathogen of brinjal. The results of the present study are in conformity with 

that of the studies of earlier workers. Therefore, the identities of different tea seed 

varieties allow us to know about their resistance or susceptibility towards root and 

foliar fungal pathogens. The knowledge of resistance or susceptibility might be 

helpful in integrated disease management practice in tea especially in cases of 

multiple pathogen attack. 

A thorough knowledge on the morphological and physiological 

characteristics becomes necessary after a fungal pathogen is isolated. Plant 

pathogens exhibit considerable variation in cultural as well as in pathogenic 

characters mostly due to genetic recombination during sexual reproduction 

(Shaner et. a/., 1992).To culture the fungus in artificial media and to produce 

inoculum in the form of spore is important for different laboratory studies. Several 

workers have recognized the importance of spores as inoculum and studies have 

been conducted on the effects of various media components along with important 

physiological parameters that lead to maximum sporulation (Kim et a/., 2005; 

Saxena eta/., 2001). During our studies with the pathogen, it was found that the 

fungus sporulates very poorly in commonly used media like potato dextrose agar 

(PDA) and oat meal agar (OMA). 

Ten different liquid media (PDB, PDB-RE, OMB, OMB-RE, PCB, PCB

RE, YEG, YEG-RE, MEM and MEB-RE) were used to study the growth and 

sporulation of the L. theobromae. From the results it was evident that PDB-RE 

(potato dextrose broth supplemented with root extract) was best for both growth 

and sporulation of L. theobromae after 25 days. In PDB, growth was good but 

sporulation was poor. Next to PDB-RE, MEB-RE also showed good growth and 
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sporulation. Non-supplemented PCB recorded the least mycelia growth and 

sporulation. The results revealed that in general, sporulation was remarkably high 

when L. theobromae was grown in root extract supplemented media in 

comparison to the non-supplemented media. Mycelial growth also increased 

marginally when PDB, OMB and PCB were supplemented with root extract. 

However, YEGB and MEB did not show any difference in mycelia growth 

between supplemented and non-supplemented media, but there was no 

sporulation in the non-supplemented media. Addition of root extract increased 

sporulation significantly especially in MEB-RE media. Thus the results indicated 

that root extract supplementation is not necessary for in vitro mycelial growth of 

L. theobromae, but it remarkably enhanced the sporulation. Alam et a/. (2001) 

reported that highest mycelial growth and sporulation of B. theobromae was 

observed on PDA, which was in agreement to our findings. Several other workers 

also stated that PDA was the best media for mycelia growth (Xu et a/., 1984; 

Maheshwari et a/., 1999). Other workers (Kumar and Singh, 2000) also stated 

that L. theobromae grew well in potato dextrose medium. Our observations also 

related with that reported by Karlatti and Hiremath (1989), who observed that the 

best mycelial growth of Alternaria zinniae was on leaf extract dextrose agar and 

potato dextrose agar media. They noticed higher sporulation on leaf extract 

dextrose agar medium. 

Light had no significant influence on mycelial growth, which was found to 

be equally good under complete light, complete dark and alternate 12 h light and 

dark conditions. Sporulation was excellent and noticed after 10 days when the 

fungus was grown under complete light condition. However, under complete dark 

conditions, sporulation was poor and was delayed until 20 days. Overall results 

indicated that there was little variation in mycelia growth under different light 

conditions, but light induced sporulation. This result confirmed the findings of 

Alam et a/. (2001 ), who showed that light was not necessary for growth of L. 

theobromae, but it enhanced the sporulation. L. theobromae was capable of 

growing at temperatures that range between 8°-36° C. Best growth was recorded 

at 28°C while no growth was observed at temperatures 40°C and above. These 

results were in agreement to those reported by A lam et a/. (2001 ), who observed 

that L. theobromae grew and sporulated at 1 0°-40°C, the optimum being 25-

300C. In another study, Eng eta/. (2003) reported similar observations when he 

studied the effect of temperature on growth characteristics of Botryodip/odia 



152 

theobromae. He stated that the growth density and radial velocity was affected at 

temperatures above 40° C. L. theobromae was able to grow within a wide range 

of pH, from 3.5 to 8.0. The fungus however, failed to grow in alkaline 

environment, beyond pH 8.0. The optimum pH for growth was recorded at the 

range of pH 5.5 to 6.5. The results indicated that slightly acidic pH to neutral pH 

was optimum for the growth of the organism. Similar results were also shown in 

case of Bipo/aris carbonum by Saha and Chakraborty (1990). They showed germ 

tube growth of the fungus was optimum at pH 7.2. Thakare and Patil (1995) 

observed that the optimum pH for growth of Col/etotrichum gloeosporioides was 

4.1 to 6.8. Kang et a/. (2003) also observed that optimum growth of the 

phytopathogenic fungus Colletotrichum gloeosporioides was around the pH 6.0. 

Amborabe et a/. (2005) observed that Eutypa lata, a vineyard pathogen grow in a 

large temperature range (2-30°C) but a higher temperature (35°C) presented 

inhibitory effects on mycelial growth. Gock et a/. (2003) studied on the influence 

of temperature, water activity and pH on growth of some xerophilic fungi and 

observed that the optimum growth occurred at 25°C for P. roqueforti and W Sebi; 

at 30'C for Eurotium species, A. penici/lioides and X. Bisporus; at 37°C for C. 

xerophi/um. Similar results were also obtained by Lin and Sung, 2006 and 

Winder, 2006). 

Host-parasite interaction is an important aspect during the early stages of 

disease development. Establishment of a disease depend on disease triangle of 

compatible host, pathogen and environmental interactions. The compatibility is 

determined by several factors contributed by host, pathogen and also by 

environment. However, many workers have reported about the presence of some 

unique antigenic determinants, so called, cross reactive antigens (CRA) between 

pathogen and compatible host. Thus the concept of cross-reactive antigens 

between host and pathogen is a notable feature in determining resistance or 

susceptibility. It is believed that the degree of susceptibility of plant cultivars to a 

pathogen is correlated to levels of cross-reactive antigens present in both the 

organisms (Bam and Boland, 2000; Kratka eta/., 2002; Ghosh and Purkayastha, 

2003; Musetti et a/., 2005; Eibel el a/., 2005; Dasgupta et a/., 2005; Babitha el a/. 

2006). In the present investigation antigens of resistant and susceptible varieties 

and pathogenic isolate of L. theobromae were cross reacted separately with 

antisera of resistant and susceptible host. Reciprocal cross reaction was also 

carried out with antisera of L. theobromae and antigens of both resistant and 



153 

susceptible varieties. One non-pathogen of tea viz. Trichoderma harzianum was 

also included in the immunological comparison. The basic immunological 

techniques that are in use are radial immunodiffusion, immunoelectrophoresis 

and agar gel double diffusion. These techniques were successfully utilized by 

several workers while demonstrating cross reactive antigens. 

In agar gel double diffusion test no antigenic substance was found to be 

common in between L. theobromae and resistant tea varieties TS-491 and TS-

463 but susceptible tea seed varieties (TS-449, TS-464 and TS-520) shared 

common antigen (cross reactive antigens) with the isolated pathogen L. 

theobromae . Antigens of non-pathogen T. harzianum (Tha) did not show any 

precipitation band. 

Dasgupta et a/. (2005) were also able to detect CRA only between 

susceptible varieties and the pathogen Curvu/aria eragrostidis. Several other 

authors also obtained similar results in different host parasite combinations viz. 

jute and Colletotrichum corchori (Bhattacharya and Purkayastha, 1985), soybean 

and Myrothecium roridum (Ghosh and Purkayastha, 1990) and tea and Bipolaris 

carbonum (Chakraborty and Saha, 1994b). In soybean cultivars similar results 

were obtained by Purkayastha and Banerjee (1990) when they conducted 

immunodiffusion between antigen of host and antisera of the pathogen causing 

anthracnose (Col/etotrichum dematium var. truncata). They were able to detect 

precipitin bands in cross reaction between the pathogen's antisera and the 

antigen of susceptible host and vice versa, which indicated presence of CRA 

between susceptible host and pathogen combinations only and not between 

resistant host and pathogen combinations. Therefore, the results of the present 

study are in conformity with those obtained by previous workers. 

In immunoelectrophoretic studies, antigen of susceptible tea variety (TS-

449 and TS-464) shared three precipitin bands with antisera of L. theobromae 

(LtA). Antisera of susceptible varieties (TS-449) shared two precipitin bands 

against antigen of L. theobromae. No precipitin band was found between antisera 

of L. theobromae and antigen of resistant tea variety (TS-491 ). 

The results of Immunoelectrophoretic studies confirmed the results of 

immunodiffusion. The advantage of immunoelectrophoresis over immunodiffusion 

is that complex antigenic mixtures are separated from each other due to the 

additional resolving power of the electrophoretic step. Ghosh and Purkayastha 
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(2003) that involved ginger cultivars and Pythium aphanidermatum as host and 

pathogen respectively, both immunoelectrophoresis and cross immuno

electrophoresis (CIE) confirmed that cross reactive antigens were absent 

between antigens of infected rhizome or non pathogen and antiserum of avirulent 

strains of P. aphanidermatum SR 2, but CRA was easily noted when antigens of 

heavily infected ginger (cv. Mahima) were cross reacted with antiserum of the 

pathogen. In another study by Ala-EI-Dein and EI-Kady (1985) used CIE 

techniques to resolve similarities and dissimilarities between the antigens present 

in Botrytis cinerea isolates and between antigens present in different species of 

Botrytis. From the results, they observed that each isolate was serologically 

different from the other and had species-specific antigens. Purkayastha and 

Banerjee (1990) observed that the antibiotic cloxacillin when used as an elicitor of 

the host defense altered the antigenic patterns of soybean cultivars such that one 

specific precipitin band was found to be absent in immunoelectrophoretic studies 

between antigen of the treated leaves and untreated leaf antisera when 

compared with homologous reaction between antigen and antisera of untreated 

control. Our results were in good agreement with that of several earlier workers. 

In immunoelectrophoresis a number of precipitin arcs could be separated 

but the quantity of the common antigens could not be determined. To quantify the 

common antigens and to make a gradient of common antigenic similarity it was 

decided to perform indirect ELISA which on the basis of certain distinct values 

gives us a clear picture of compatibility and incompatibility among the host and 

pathogen. For detecting CRA at a very low concentration indirect enzyme-linked 

immunosorbent assay (ELISA) is one of the most specific and rapid methods for 

identifying fungal diseases (Sundaram et a/., 1991; Chakraborty and Saha, 

1994b; Kratka eta/., 2002; Ghosh and Purkayastha, 2003; Musetti eta/., 2005). 

Dasgupta et a/. (2005) performed ELISA between tea varieties and Curvu/aria 

eragrostidis, which revealed the presence of a certain minimum level of antigens 

for compatible host-pathogen interaction. Eibel et a/. (2005) developed a double 

antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) by raising 

polyclonal antibodies against Ustilago nuda and barley plant. Several other 

workers have used ELISA for early detection of pathogens (Chakraborty et a/., 

1996 and Ghosh and Purkayastha, 2003). 

Higher ELISA values in cross reactions revealed the presence of more 

CRA, which indicated the susceptibility of the variety. Similarly, lower ELISA 
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values revealed lower amount of CRA that indicated resistance. The results 

obtained by indirect ELISA values i.e. the degree of susceptibility and resistance 

also called compatible and incompatible reaction was in conformity with the 

results of pathogenicity tests. The three concentrations of the antigens of L. 

theobromae showed higher absorbance values when tested with antisera of 

susceptible tea variety (TS-449) than when tested with antisera of resistant tea 

variety (TS-491 ). Higher absorbance values were also observed in reciprocal test 

of this combination i.e. in case of the antigens of susceptible tea varieties (TS-

449 and TS-464) tested with the antisera of L. theobromae than in case of the 

antigens of resistant tea varieties (TS-491 and TS-463) tested with the same 

antisera. The results thus clearly indicated the presence of maximum cross 

reactivity between susceptible varieties (TS-449 and TS-464) and L. theobromae. 

ELISA values were higher in homologous reactions in all combinations. 

CRA was also detected in other host pathogen combinations like 

Phytophthora infestans and potato (Alba and DeVay, 1985) and Phytophthora 

fragariae and strawberries (Mohan, 1988) by indirect ELISA. Purkayastha and 

Banerjee (1990) detected cross reactive antigens using indirect ELISA technique 

between susceptible soybean cultivars and the virulent strain of C. dematium var. 

truncata at a very low concentration. Dasgupta et a/. (2005) also detected CRA 

while studying the pathogenicity of Curvularia eragrostidis against tea varieties by 

analyzing the antigenic patterns of host and pathogen. They used indirect ELISA 

which revealed the presence of low level of common antigens between all 

combinations. They observed that a certain significantly higher level of antigens 

was present in compatible host-pathogen interactions than in incompatible 

interactions. 

In the present study, CRA could not be detected between resistant host 

and pathogen by immunodiffusion and immunoelectrophoresis. But ELISA 

showed presence of common antigens in cross reactions between antisera of the 

pathogen and antigens prepared from seven different tea varieties, both 

susceptible and resistant. The levels of common antigens between resistant 

varieties and the pathogen were, however, significantly lower. ELISA values, in 

cross reactions, revealed a direct correlation with results of pathogenicity test and 

established the degree of susceptibility or resistance of a particular variety. Thus 

ELISA may be used to determine the pathogenicity of a strain in different cultivars 

accurately. As the gradient of similarity or disparity of CRA is the indicator of 
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susceptibility and resistance respectively, it would help in selecting resistant 

varieties for cultivation and contribute towards long term disease control. 

Jmmunocytolocalization techniques (Immunofluorescence and 

lmmunogold labelling-silver enhancement) have been used in susceptible and 

resistant tea varieties for determining cellular location of CRA. Both techniques 

are powerful tools to detect and locate specific CRA with great accuracy by 

utilizing antisera as probe. In the present work these techniques have been used 

to determine cellular locations of CRA in leaf and stem sections of susceptible 

and resistant tea varieties using antisera of pathogen. Polyclonal antibodies 

(raised against the pathogen and the susceptible and resistant host variety) were 

used as antisera probes. For visualization, these were indirectly labelled with 

colloidal gold and subsequently enhanced with metallic silver, in case of 

Jmmunogold labelling-silver enhancement technique. But in case of 

immunofluorescence polyclonal antibodies indirectly labelled with fluorescein 

isothiocyanate conjugate was used to locate CRA in the root sections of tea and 

mycelial cells of the fungal pathogens. Several authors have used 

immunofluorescence technique for cellular location of CRA (Chakraborty and 

Saha, 1994b; Wakeham and White, 1996; Chakraborty eta/., 1997; Kratka eta/., 

2002; Dasgupta eta/., 2005). Some workers (Kuo, 1999; Lee eta/., 2000; Trillus 

eta/., 2000; Nahalkova eta/., 2001; Kang and Buchenauer, 2002; Wang eta/., 

2003) have used immunogold labelling for cellular location studies in electron 

microscope. However, in the present study, the immunogold labelling followed by 

silver enhancement was done specifically to study in the light microscope (as 

suggested in manufacturer's kit Sigma, USA) which is a new approach for 

studying cellular location of CRA. 

Immunofluorescence study was used for determining cellular location of 

CRA in tea, in the present study; when the root sections were treated with the 

antisera of respective seed varieties i.e. with homologous antisera indirectly 

labeled with fluorescein isothiocyanate (FITC), bright fluorescence was observed. 

Fluorescence was observed in the epidermal regions and xylem elements of the 

root. Root sections in heterologous treatments i.e. when the root sections were 

treated with antisera of L. theobromae and then reacted with FJTC showed 

comparatively more fluorescence in susceptible tea varieties than the resistant 

one. The CRA observed in heterologous reactions, were mainly concentrated 

around the epidermal cells. In homologous treatments of the fungal mycelia, 
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intense fluorescence was observed around the mycelia. In cross-reactions, when 

the fungal mycelia were treated with antisera of susceptible varieties indirectly 

labeled with FITC, fluorescence was observed in the hyphal tips but the 

fluorescence was not so strong when the mycelia were treated with the antisera 

of resistant varieties with FITC label. Similar tissue and cellular location of CRA in 

cross-sections of cotton roots (DeVay eta/., 1981a), potato leaves (DeVay eta/., 

1981b) and tea leaves (Chakraborty and Saha, 1994b; Chakraborty eta/., 1995; 

Chakraborty et a/., 1997) using fluorescein isothiocyanate (FITC) labeled 

antibodies have been reported. Maximum precipitation of silver upon immunogold 

labels were found in leaf sections treated with homologous antisera, in the 

epidermal regions, mesophyll tissues and vascular bundle elements of the 

leaves. When leaf section of susceptible variety (TS-449) was treated with 

antisera of L. theobromae and labelled with immunogold particles followed by 

silver enhancement, CRA was observed mainly in the epidermal regions as 

strong precipitations. Mesophyll tissues and vascular bundle elements also 

showed marginal darkening which indicate presence of CRA in those areas also. 

When leaf section of resistant variety (TS-491) was treated with the antisera of 

pathogen, no such strong precipitations were observed. Similar results were also 

found in root and stem sections. However, maximum precipitation was found in 

the epidermal regions cortical tissues and vascular bundle elements of the roots 

and stems. 

Studies on defense related enzymes were performed for the proper 

understanding of the mechanism of defense operating in the tea plants following 

a localized infection with a necrotizing pathogen (Lasiodiplodia theobromae) or 

treatment with elicitors. For the purpose of induction of resistance, susceptible 

tea variety, TS-449 was selected. Some abiotic inducers (salicylic acid, jasmonic 

acid and nickel chloride), plant extracts (Azadirachta indica, Acalypha indica, 

Jasminum jasminoides and Catharanthus roseus) and biotic inducers 

(Trichoderma harzianum and Trichoderma virens) were used for the treatment of 

the test plants. Five different defense related enzymes (phenylalanine ammonia

lyase, polyphenol oxidase, chitinase, ~-1 ,3-glucanase and peroxidase) were 

studied. The induction and accumulation of PR-proteins against pathogen attack 

and chemical treatments are well documented (Van Loon and Kammen, 1970; 

Van Loon and Van Strien, 1999). Tea plants of several susceptible varieties have 

been induced by abiotic inducers including salicylic acid, a very common abiotic 
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inducer of PR proteins (Chakraborty et a/., 2005). Major interest have been 

devoted to plant hydrolases such as 13-1,3-glucanases (PR-2) and chitinases 

(PR-3), as they are capable of cleaving fungal cell walls resulting in pathogen's 

growth inhibition (Wessels and Sietsma, 1981; Mauch et a/., 1988; Neuhans, 

1999; Arlorio et a/., 1992; Bishop et a/., 2000). Several authors (Paul and 

Sharma, 2002; Ghosh and Purkayastha, 2003; Saha et a/., 2007) have used 

phyla-extracts for the induction of PR-proteins in a variety of crops. Ghosh and 

Purkayastha (2003) tested 12 elicitors for inducing systemic protection against 

rhizome rot of ginger caused by Pythium aphanidermatum. Among six phyla

extracts tested, 10% leaf extract of Acalypha indica showed maximum reduction 

in disease with associated increase of defense-related proteins. Meena et a/. 

(2001) applied SA at the concentration of 1 mM as foliar spray and observed 

significant increase of the activity of phenylalanine ammonia-lyase (PAL), 

chitinase, 13-1 ,3-glucanase, peroxidase, polyphenol oxidase and phenolic content 

in groundnut. Induction of chitinase by treatment of inducers in plants was 

reported by several workers. Meera et a/. (1994) reported that plant growth

promoting fungi (PGPF) belonged to the genera Fusarium, Penicillium, Phoma, 

Trichoderma and sterile fungi can induce several defense related enzymes like 

chitinase, 13-1 ,3-glucanase, peroxidase, polyphenol oxidase and phenylalanine 

ammonia-lyase. Phenylalanine ammonia lyase (PAL) is a key enzyme of 

phenylpropanoid pathway which leads to the deposition of lignin, phytoalexins 

and phenolic compounds and form structural and chemical barriers of the plants 

to the pathogens (Ramamoorthy eta/., 2002). 

Differential expressions of PAL in pre-treated and challenge-inoculated 

tea plants were studied. Three different inducers were used to treat plants. From 

the results it was found that the two abiotic inducers (10"2M Jasmonic acid and 

1 o·2M salicylic acid) were able to induce PAL activity. A higher level of PAL 

activity was found after 4 days following which the level of the enzyme was found 

to decline. Nickel chloride (104 M) treated plants showed a certain level of PAL 

activity after 4 days and then, it also declined. Similar results were observed by 

several authors. Cao et at. (2006) reported enhanced accumulation of PAL when 

SA was applied to the trees of Pyrus bretschneideri around 30 days after full 

flowering. Akinwunmi and John (2001) reported transient increase of PAL in 

cowpea after pre-treatment with BTH following challenge-inoculation by 

Co/letotrichum destructivum. Trotei-Aziz et at. (2006) reported that treatment of 
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grapevine leaves with chitosan led to marked induction of PAL and strong 

reduction of Botrytis cinerea infection. Qian eta/. (2005) reported the presence of 

novel synthesized pentafluoropropyle jasmonate (PFPJA) to induce plant defense 

response, including an oxidative burst and activation of PAL. Basha and 

Chatterjee (2007) used two non-conventional chemicals like zinc sulphate and 

oxalic acid for the induction of PAL in wheat against Sclerotinia sc/erotiorum. 

Thus, our results of induction of PAL by abiotic inducers are very much in 

conformity with that of earlier workers. 

Plant growth promoting rhizofungi (PGPF) were used as biotic inducers to 

trigger defense in tea plants. It was found that Trichoderma virens pre-treated 

plants showed increased level of PAL activity after 4 days in comparison to 

treated-uninoculated and untreated-uninoculated controls. Trichoderma 

harzianum pre-treated plants also showed a certain level of PAL activity after four 

days. These results are also in agreement with the observations made by several 

earlier workers. Duiff et a/. (1998) reported that non-pathogenic Fusarium 

oxysporum was able to suppress Fusarium wilt partially by inducing resistance. 

Ramamoorthy et a/. (2002) reported PAL activity in tomato after pre-treatment 

with Pseudomonas f/uorescens isolate Pf1 against wilt disease causing pathogen 

Fusarium oxysporum f. sp. /ycopersici. Maximum PAL activity was found after 4 

days following challenge-inoculation. Chen et a/. (2000) reported that root and 

crown rot of cucumber caused by Pythium aphanidermatum could be 

suppressed by increasing PAL activity in treated (with PGPR) - inoculated (by P. 

aphanidermatum) plants. Viterbo et a/. (2007) used Trichoderma virens strain 

Gv29-8 to increase PAL activity in cucumber cotyledons for control against leaf 

pathogens. Two PGPR strains viz. Pseudomonas fluorescens (Pf 4) and P. 

aeruginosa (Pag) were found to induce PAL activity in wheat against Sclerotinia 

sc/erotiorum (Basha and Chatterjee, 2007). Ushamalini et a/. (2008) reported that 

when Trichoderma viride strain of MG 6 was applied to turmeric plants it induced 

the activity of various plant defense enzymes including PAL against rhizome rot 

caused by Pythium aphanidermatum. 

Among the four different phyto-extracts used to induce plants for 

expression of PAL activity, Azadirachta indica leaf extract treated plants showed 

significantly higher level of PAL activity after 4 days. Other three phyto-extracts 

(viz. Acalypha indica, Jasminum jasminoides and Catharanthus roseus) also 

showed PAL activity, however, at a lower level. Our results are in the same line 
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as reported by Paul and Sharma (2002). They reported significantly higher PAL 

activity in pre-treated (with aqueous leaf extract of Azadirachta indica) and 

challenge-inoculated (by Drechs/era graminea) barley plants. 

In plants, the enzyme polyphenol oxidase (PPO) is involved in the 

synthesis of defense chemical like tannin which is toxic to pathogenic 

microorganisms (Mahadevan and Sridhar, 1996; Chen eta/., 2000). Differential 

expression of PPO was determined in susceptible tea variety (TS-449) following 

pre-treatment (with three different inducers) and challenge-inoculation (by L. 

theobromae). From the results it was evident that tea plants pre-treated with 

salicylic acid (SA) and jasmonic acid (JA) showed higher level of PPO expression 

in comparison to treated-uninoculated and untreated-uninoculated controls. 

Plants pre-treated with nickel chloride showed low level of PPO expression in tea 

plants. Meena eta/. (2001) reported increase of PPO activity in groundnut after 

pre-treatment with salicylic acid against late leaf spot caused by Cercosporium 

personatum. Thus our results are similar to that of Meena eta/. (2001 ). 

In the present study, higher level of PPO activity was found after four days 

in the plants when pre-treated with Trichoderma harzianum. Chen et a/. (2000) 

reported increasing PPO activity in cucumber after pre-treatment with plant 

growth promoting rhizobacteria (PGPR) following challenge-inoculation with 

Pythium aphanidermatum. Koike et a/. (2001) reported five different fungal 

isolates (Trichoderma, Fusarium, Penicil/iun, Phoma and a sterile fungus) to 

induce systemic resistance in cucumber plants against Col/etotrichum orbiculare. 

Zheng eta/. (2005) also reported increased activity of PPO in pepper plants, pre

treated with mycorrhizal fungus of Glomus intraradices and challenge-inoculated 

by Phytophthora capsici. Reuveni and Reuveni (2000) reported that pre

treatment of cucumber plants with non-pathogenic isolates of Alternaria 

cucumarina or Cladosporium fulvum following challenge-inoculation by 

Sphaerotheca fuliginea showed induced systemic protection against powdery 

mildew. 

PPO activity was also studied in tea plants following pre-treatment with 

four different phyto-extracts. Among the phyto-extracts, Acalypha indica pre

treated tea plants showed maximum level of PPO activity after 4 days following 

challenge-inoculation. Other pre-treated (with Azadirachta indica, Janminum 

jasminoides and Catharanthus roseus leaf extracts) tea plants showed lower 
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level of PPO expression than Acalypha indica pre-treated tea plants. Baysal et a/. 

(2002) reported an effect of induced resistance in the ornamental Cotoneaster 

sa/icifolius root stock M26, against fire blight caused by Erwinia amylovara by 

using plant extract of Hedera helix. Increased activity of PPO was reported in that 

ornamental plant by the workers. Hence, our results are in agreement with 

several previous workers. 

Isozyme analysis showed the expression of four different types of PPO 

isozyme with R1 values of 0.09, 0.30, 0.40 and 0.50. Among four PPO isozymes, 

two isoforms of R1 0.09 and 0.05 were expressed constitutively in all treatments 

including control. But plants pre-treated with Acalypha indica aqueous leaf extract 

and salicylic acid (separately) showed higher levels of the isozyme whose R1 was 

0.09. Other isozymes (R1= 0.40 and 0.30) were also expressed in pre-treated 

(with Acalypha indica aqueous leaf extract and salicylic acid) tea plants. A faint 

(very low intensity) band of R1 0.40 were expressed in tea plants treated with 

Acalypha indica aqueous leaf extract and salicylic acid separately without 

challenge-inoculation. Several workers have reported similar results in different 

plants. A unique PPO isozyme was found in tomato after pre-treatment with 

Pseudomonas f/uorescens isolate Pf1 against Fusarium wilt (Ramamoorthy eta/., 

2002). Zheng et a/. (2005) reported PPO isozyme in pepper plants, pre-treated 

with mycorrhizal fungus of Glomus intraradices and challenge-inoculated by 

Phytophthora capsici. Several other workers also indicated that PPO isozymes 

were induced by various inducer treatments in cucumber and tobacco (Piyada et 

a/., 1995; Ray eta/., 1998; Chen eta/., 2000). 

The defense related enzyme, 13-1-3-glucanase is an important plant 

enzyme having hydrolysing capability. Fungal cell wall is made up of chitin 

polymers which contains 13-glucan in the matrix (Sivam and Chet, 1989). In the 

present study, enzyme 13-1-3-glucanase was induced in tea plants by different 

inducers in order to control fungal diseases. From the results it was evident that 

as abiotic inducers, salicylic acid (SA) pre-treated plants showed higher level of 

13-1-3-glucanase expression in susceptible tea plants. Nickel chloride and JA pre

treated plants showed much lower level of 13-1 ,3-glucanase activity after four 

days. Bargabus et a/. (2002) reported increased activity of 13-1 ,3-glucanase and 

reduction of cercospora leaf spot of sugar beet after pre-treatment of acibenzolar

S-methyl following challenge-inoculation of Cercospora beticola. Emmanuel et a/. 

(2001) reported rapid induction of defense resistance in susceptible lettuce plants 
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after treatments of DL-J3-amino butyric acid (SABA) and Phytogard against downy 

mildew. 

It was found in our study that both the biotic inducers (Trichoderma virens 

and T. hat7ianum) were able to induce J3-1 ,3-glucanases in tea plants at a higher 

level than the control plants. Increased activity of J3-1 ,3-glucanase and reduction 

of cercospora leaf spot of sugar beet after pre-treatment with a non-pathogenic 

microorganism Bacillus mycoides following challenge-inoculation of C. betico/a 

was reported by Bargabus et a/. (2002). Ahmed et a/. (2000) reported that the 

pepper seed and root treated with Trichoderma hat7ianum reduces necrosis and 

induces a systemic defense response against Phytophthora capsici. lshimoto et 

a/. (2004) showed that two root colonizing Fusarium strains, isolated from roots of 

Brassicaceae plants, induced the resistance in Lepidium sativum seedlings 

against Pythium ultimum. Thus, our study is in concurrence with that of several 

other workers. 

On the other hand, when leaf-extracts were used, Acalypha indica pre

treated plants showed higher level of J3-1 ,3-glucanases activity. Jasminum 

jasminoides and Catharanthus roseus leaf extracts showed induction of J3-1 ,3-

glucanase comparatively at a lower level as evidenced by its activity. Paul and 

Sharma (2002) reported Azadirachta indica leaf extract to induce defense in 

barley. Ghosh and Purkayastha (2003) used six different plant extracts viz. 

Catharanthus roseus, Acalypha indica, Spinacea o/eracea, Andrographis 

paniculata, Centella asiatica and Curcuma longa for systemic protection against 

rhizome rot disease of ginger caused by Pythium aphanidermatum. They found 

higher systemic protection by using plant extract of Acalypha indica in ginger. 

Isozyme patterns revealed the expression of three different J3-1 ,3-

glucanase isozyme bands with Rr values of 0.1, 0.35 and 0.45. Two J3-1 ,3-

glucanase isoforms of Rr 0.1 and 0.35 were found as constitutive. But they were 

expressed at higher levels in treated-inoculated plants in comparison to 

untreated-uninoculated and treated-inoculated plants. An unique J3-1 ,3-glucanase 

isozyme of Rr 0.45 was also found in treated-uninoculated and treated-inoculated 

plants. Bargabus et a/. (2002) showed two unique isoforms in sugar beet after 

pre-treatment with a non-pathogenic microorganism, Bacillus mycoides, following 

challenge-inoculation by Cercospora betico/a. He also reported that one isoform 

was available when sugar beet was pre-treated by acibezolar-S-methyl and 
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challenge-inoculated. Lawrence et a/. (1996) reported two isozymes of 13-1,3-

glucanase (33 and 35kDa) in all genotypes of tomato. 

Chitinase belongs to the category of pathogenesis-related (PR) protein 

which is the key hydrolytic enzyme in plant defense induction. Chitinase plays a 

distinct role in plant defense by degrading chitin, a 13-1 ,4-linked polymer of N

acetyl D-glucosamine, a major fungal cell wall component (Lawrence, et a/., 

1996). For the induction of chitinases in tea plants. three different inducers were 

used in the present study. From the results it was found that the abiotic inducer, 

nickel chloride showed higher level of chitinase activity in tea plants. On the other 

hand salicylic acid and jasmonic acid showed lower level of chitinase activity after 

four days. Our results are in agreement to that of Kozlowski et a/. (1999), who 

reported increased activity of chitinase after pre-treatment by methyl jasmonate 

(MeJA) in Picea abies seedlings against Pythium u/timum. 

Similarly, higher level of chitinase activity was found in tea plants pre

treated with Trichoderma hatzianum, used as a biotic inducer. Plants pre-treated 

with T. virens showed comparatively lower level of chitinase induction under 

similar conditions. Abd-EI-Kareem (2007) reported that integrated treatments of 

Trichoderma hatzianum and humic acid in bean seeds reduced the root rot and 

leaf spot incident. He observed increased chitinase activity in pre-treated bean 

seeds against Rhizoctonia so/ani, Fusarium so/ani and Alternaria alternata. 

Oostendorp et a/. (2001) reported that plants could be induced locally and 

systemically to make the plants more resistant to disease through various 

biological inducers including necrotizing pathogens, non-pathogens and root 

colonizing bacteria. Schweizer et a/. (1999) reported Pseudomonas syringae as 

biotic inducer against the rice blast fungus Magnaporthe grisea. Hence, our 

results are in agreement with that of other workers. 

Plant extracts (Acalypha indica and Azadirachta indica) were used for 

induction of chitinase activity in susceptible tea plants. Treated tea plants with 

both type of extracts showed higher level of chitinase activity following challenge 

inoculation after 3 days. Kagale eta/. (2004) induced systemic resistance in rice 

plants following application of leaf extract of Datura mete/ and challenge

inoculation with Rhizoctonia so/ani. They showed increased accumulation of 

pathogenesis-related proteins (PRs) and other defense related compounds in the 

pre-treated and inoculated rice plants. 
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After colorimetric assay of chitinase, 'chitinase activity' was studied by 

chitin supplemented plate method. In this study, induction of chitinase activity 

was visualized in chitin supplemented plate by two different inducers (nickel 

chloride and leaf extract of Acalypha indica). After pre-treatments (with Aca/ypa 

indica leaf extract and nickel chloride separately) tea plants (both susceptible and 

resistant) were challenge-inoculated by L. theobromae. From the results it was 

evident that the susceptible tea variety (TS-449) pre-treated with A. indica leaf 

extract and nickel chloride showed high intensity of lytic zone (intensity grade 

++++). Under similar conditions, resistant tea variety (TS-491) showed 

comparatively lower intensity of lytic zone (intensity grade +++). From the results 

it was evident that both the inducers have the ability to induce enzyme chitinase. 

From the study it can be concluded that Acalypha indica leaf extract is a potent 

inducer of defense response in tea plants. This plant contains cyanogenic 

glucosides along with other substances (Nahrstedt et a/., 1982), but the active 

component associated with increase in chitinase activity in tea is yet to be 

identified. Bargabus et a/. (2002) reported specific chitinase activity after pre

treatment of acibezolar-S-methyl against Cercospora betico/a causing cercospora 

leaf spot of sugar beet. Chitinase have been reported to express as multiple 

isozymes in several plants. Three classes of plant chitinases have been reported 

based upon primary protein structure (Shinshi et a/., 1990). The highly variable 

nature of chitinases, and the multiplicity of chitinase isozymes in plants suggest 

that plant chitinase isozymes may carry out specific and differing roles. Some of 

them have antifungal activity. Chitinase was isolated from tobacco (Sela

Buurlage eta/., 1993) and tomato (Lawrence eta/., 1996) and have been found 

to be specific for certain pathogens. 

Peroxidase is a well known defense enzyme in plants which is changed 

under various environmental stresses such as heavy metals, salts, temperature 

(Kiwan and Lee, 2003) and air pollution (Lee et a/., 2000). It is related with the 

defense reaction in plants that lead to the detoxification of the reactive oxygen 

species (Higa eta/., 2001). In the present study. three different types of inducers 

were used for induction of peroxidase following challenge-inoculation in 

susceptible tea plants (TS-449). From the results, it was found that among abiotic 

inducers, nickel chloride pre-treated tea plants showed higher level of peroxidase 

activity. Our results are in the line of some previous workers. Stadnik and 

Buchenaur (2000) reported higher activity of peroxidase in wheat to 8/umeria 
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graminis after pre-treatment of BTH. Prachi et a/. (2002) reported that exogenous 

application of SA resulted in increased activity of peroxidase in the callus culture 

of Zingiber officina/e. 

Two different PGPF were used as biotic inducers for the study of 

peroxidise in tea plants. Trichoderma harzianum pre-treated tea plants showed 

higher level of peroxidase activity. Van Loon (2007) reported non-pathogenic soil 

borne microorganisms to promote plant growth as well as suppression of disease 

through microbial antagonism or induction of resistance in plants. Pelt-Heerschap 

and Smit-Bakker (1999) reported increased activity of peroxidase in stem tissue 

of carnation inoculated with pathogenic and non-pathogenic race of Fusarium 

oxysporum. Lavania et a/. (2006) reported increased activity of peroxidase in 

Piper betle after pre-treatment with Serratia marcescens NBR11213 against foot 

and root rot caused by Phytophthora nicotianae. Yedidia et a/. (1999) reported 

increased activity of peroxidase in cucumber plants within 48h of inoculation with 

Trichoderma harzianum. 

Leaf extracts of Azadirachta indica and Acalypha indica were used for 

induction of peroxidase activity. Higher level of peroxidase activity was observed 

after 3 days following challenge-inoculation by L. theobromae. Shi et a/. (2007) 

reported that the compound osthol (a natural compound extracted from dried fruit 

of Cnidii in monnien), induced pumpkin plants for accumulation of peroxidase and 

PAL against powdery mildew caused by Sphaerotheca fuliginea. Baysal et a/. 

(2002) reported plant extract of Hedera helix to induce peroxidase in Cotoneaster 

salicifolius root stock M26 against fire blight. 

Studies on peroxidase isoform patterns in susceptible tea plants were 

performed. Tea plants pre-treated with Azadirachta indica and Acalypha indica 

showed prominent peroxidase isoforms with two bands of molecular mass 38KDa 

and 33KDa. The expression of the 33KDa isozyme did not increase much 

following treatment with phyla-extract but increased dramatically when treated 

plants were challenge-inoculated with L. theobromae. The results indicated the 

possibility of induction of peroxidase isozymes in susceptible tea plants, which in 

turn, shows resistance to the pathogen. Several authors reported multiple forms 

of peroxidase isozymes in many higher plants including Korean radish, 

Arabidopsis and rice (Lee and Kim, 1994; Lee eta/., 1994; Tognolli eta/., 2000; 

Lee et a/., 2001 ). Ushamalini et a/. (2008) reported that Trichoderma viride strain 
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of MG 6 could induce the activity of peroxidase isozymes in turmeric plants 

against rhizome rot (caused by Pythium aphanidermatum). 

In the present study an approach was made towards environment friendly 

management of diplodia disease in tea through induction of plant defense 

enzymes using various inducers (abiotic, biotic and phyto-extracts). Degree of 

susceptibility or resistance of a particular variety to a pathogenic fungus is 

determined through its pathogenicity. Pathogenicity is determined, ordinarily, by 

disease incidence. Disease incidence was assessed and compared in the 

differentially induced susceptible variety, TS-449. Three different abiotic inducers 

(10"2M salicylic acid, 1 0"2M jasmonic acid and 10"4M nickel chloride), two biotic 

inducers (Trichoderma harziamum and T. virens) and four leaf extracts (of 

Azadirachta indica, Acalypha indica, Catharanthus roseus and Jasminum 

jasminoides) were used for induction of resistance in the susceptible variety TS-

449. Assessment of diplodia disease was performed from 41
h day up to 161

h day 

at 4-days intervals. Salicylic acid and T. virens effectively reduced disease 

incidence (mean foliar disease index/plant) in tested tea plants. Disease 

incidence was also found to reduce in tea plants induced by three different leaf 

extracts (viz. Azadirachta indica, Acalypha indica and Catharanthus roseus) as 

evidenced by the results. Several scientists have reported similar results in 

different plants. Abd-EI-Kareem (2007) reported that integrated treatments of 

Trichoderma harzianum and humic acid spray reduced the root rot incident of 

bean seeds caused by Fusarium so/ani, Rhizoctonia so/ani and Fusarium so/ani. 

Reuveni and Reuveni (2000) reported that the systemic resistance was 

expressed by a significant reduction in the number of powdery mildew colonies 

on cucumber leaves pre-treated with non-pathogenic isolate (of Alternaria 

cucumarina or Cladosporium fulvum) before challenge-inoculation with the 

pathogen Sphaerotheca fu/iginea. Van Loon (2007) reported suppression of 

disease by non-pathogenic soil borne microorganism. Cao et a/. (2006) reported 

that the Ya Li pear trees pre-treated with SA induced the activities of various 

defense related enzymes (phenylalanine ammonia lyase, 13-1 ,3-glucanase, 

chitinase and peroxidase) in addition to reduction of disease incident and lesion 

diameter. Meena et a/. (2000) also reported reduction of disease incidence in 

groundnut pre-treated with Pseudomonas f/uorescens against late leaf spot 

caused by Cercosporidium personatum. Premkumar (1 998) has reported 

systemic action of triazole compound in clonal tea plants (TES-34) which are 
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highly susceptible to Exobasidium vexans causing blister blight in tea. Thus our 

results are in conformity with that of earlier workers. The results were 

encouraging since several inducers showed significant resistance inducing 

capacity. Further these may be integrated with other biocontrol agents and may 

be used in fields as part of integrated disease management system. 

All the investigations presented here have confirmed and also extended 

some of the findings of the earlier workers. During this study, certain new facts of 

fundamental importance have also been revealed. Pathogenicity of L. 

theobromae has been tested in several tea seed varieties in different ways. The 

significance of antigenic relationship with regard to compatible interaction 

between L. theobromae and tea varieties has been demonstrated by various 

serological techniques. Correlation between pathogenicity test and different 

serological experiments was observed and was confirmed with indirect ELISA. 

Major cross-reactive antigens between the tea plant and the pathogen were 

detected in the cells of tea and pathogen L. theobromae through 

immunofluorescence study (in fluorescence microscope) and immunogold 

labelling followed by silver enhancement using light microscope. Resistance was 

induced in susceptible tea varieties using some chemicals and plant extracts. 

Hence, this study has provided an insight to formulate a definite defense inducer 

against diplodia disease caused by L. theobromae. The present study would help 

to design suitable control measures of diplodia disease in tea using resistance 

inducers of different natures: abiotic, biotic and botanicals. 



summary 
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The present study deals with "Induction of resistance in tea (Camellia 

sinensis (L.) Kuntze) by biotic and abiotic inducers against Lasiodiplodia 

theobromae (Pat.) Griffon & Mauble for management of diplodia disease". The 

study consists of: ( 1) Pathogenicity of Lasiodiplodia theobromae, the causal 

agent of diplodia disease, (2) Studies on physiological characteristics of the 

fungus, (3) Studies on serological aspects for determination of cross-reactive 

antigens, (4) Colorimetric assay of different defense related enzymes, (5) Studies 

on different defense related enzymes following application of different inducers

biotic, abiotic and plant extracts, (6) Studies on isozyme patterns of different 

enzymes related to induction of resistance in tea plants and (7) Assessment of 

disease following application of potential inducers in susceptible tea plants. 

At the onset of the work, brief reviews of literature in the present lines of 

investigations have been presented. The main areas of the review are diseases 

of tea and allied crops, growth and physiology of the pathogens, pathogenicity, 

serology, systemic acquired resistance, induced systemic resistance and defense 

related enzymes. 

Different experimental procedures and techniques used in the present 

work have been described in details in the materials and methods section. 

The present work was carried out after thorough survey of different fungal 

diseases present in the different tea plantations including nurseries of the study 

area. During field survey two fungal pathogens were found to cause diseases in 

young tea plants. Those were isolated and identified as Lasiodiplodia 

theobromae and Rhizoctonia so/ani following Koch's postulates. Lasiodiplodia 

theobromae was found more consistently to cause disease in young tea plants. 

Pathogenicity of Lasiodiplodia theobromae was performed following leaf 

inoculation and root inoculation techniques in seven different elite tea seed 

varieties. Tea seed variety, TS-449 was found most susceptible and TS-491 was 

found most resistant among the seven tea seed varieties tested. 

Maintenance of fungal culture and production of fungal spores, in artificial 

media is very much important for different laboratory and field studies. Hence, 

growth and sporulation of Lasiodiplodia theobromae have been studied on a 
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variety of media with or without supplements. Important physiological parameters 

have also been studied. From the results it was found that PDB-RE (potato 

dextrose broth supplemented with tea root extract) was best for both growth and 

sporulation of L. theobromae after 25 days. Light had no significant effect on 

mycelial growth, but light induced sporulation of L. theobromae. The results also 

indicated that slightly acidic to neutral pH was optimum for the growth of L. 

theobromae. 

To detect cross reactive antigens (CRA) in susceptible and resistant tea 

seed varieties against L. theobromae, serological techniques viz. 

immunodiffusion and immunoelectrophoresis were performed. Polyclonal antisera 

were raised against antigens of the susceptible (TS-449) and resistant (TS-491) 

tea seed varieties as well as of L. theobromae. In agar gel double diffusion 

(immunodiffusion) test, antisera, were subjected to react with proteins of 

susceptible and resistant tea varieties and also with mycelial protein of L. 

theobromae. The results showed the presence of CRA in homologous reactions 

as well as in cross reactions between susceptible tea variety and L. theobromae. 

No CRA was found in cross reaction between resistant tea variety (TS-491) and 

L. theobromae and vice-versa. Immunoelectrophoretic study revealed that 

susceptible tea varieties (TS-449 and TS-464) shared three precipitin bands with 

antisera of L. theobromae (LtA). Antisera of susceptible variety (TS-449) shared 

two precipitin bands against antigen of L. theobromae. No precipitin band was 

found between antisera of L. theobromae and antigen of resistant tea variety (TS-

491) and vice-versa. 

The root, stem and leaf antigens of seven different tea varieties, mycelial 

antigen of L. theobromae, and as well as non-pathogen proteins (Trichoderma 

harzianum) and antisera of two tea varieties (susceptible and resistant) and of 

pathogen L. theobromae were used to perform indirect-ELISA. Indirect ELISA 

was performed to detect the level of cross reactive antigens present in different 

tea varieties and L. theobromae. Higher ELISA values in heterologous reactions 

indicated the presence of CRA in higher level that lead to compatible reactions or 

more susceptible. In the present study, higher ELISA values were found in cross 

reactions between antisera of L. theobromae and antigen of susceptible tea 

variety (TS-449). Low ELISA values (0.038, 0.031 and 0.031) were found 

between antisera of L. theobromae and antigen of resistant tea variety (TS-491 ). 

The results of conventional pathogenicity tests were compared with the results of 
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indirect ELISA to establish a guideline for the degree of susceptibility of different 

tea varieties against L. theobromae. 

To find out the cellular location of CRA in host tissues (tea plants) 

immunofluorescence and 'immunogold-silver enhancement' studies were 

performed using antisera of pathogen (L. theobromae). In indirect 

immunofluorescence, when the root sections were treated with antisera of L. 

theobromae and then reacted with FITC showed comparatively more 

fluorescence in susceptible tea varieties than the resistant one. Fluorescence 

was observed in the epidermal regions and xylem elements of the roots. 

Similarly, in case of immunogold labelling when stem and root sections of 

susceptible tea variety (TS-449) was treated with antisera of L. theobromae and 

labelled with immunogold-particles followed by silver enhancement, CRA was 

observed mainly in the epidermal regions and xylem elements as strong 

precipitations. In leaves of susceptible tea variety, mesophyll tissue and vascular 

bundle elements also showed marginal darkening which indicated the presence 

of CRA in those areas. When leaf, stem and root sections of resistant variety (TS-

491) was treated with the antisera of pathogen, no such strong precipitations 

were observed. 

After thorough observation of virulence studies of the pathogen, L. 

theobromae on seven different tea varieties, further works were carried out to 

devise environment friendly disease control measures. In this regard, susceptible 

(TS-449) tea plants were induced by abiotic inducers (salicylic acid, jasmonic 

acid and nickel chloride), biotic inducers (Trichoderma harzianum and T. virens) 

and leaf extracts (Azadirachta indica, Acalypha indica, Jasminum jasminoides 

and Catharanthus roseus) separately for induction of defense related enzymes 

(chitinase, 13-1 ,3-glucanase, polyphenol oxidase, phenylalanine ammonia-lyase 

and peroxidise) and disease management. 

From the results it was found that susceptible tea plants pre-treated 

separately with four different inducers (viz. 1 o·2M Jasmonic acid, 1 o·2M salicylic 

acid, Trichoderma virens and leaf extract of Azadirachta indica) showed 

maximum phenylalanine ammonia-lyase (PAL) activity after 4 days following 

challenge-inoculation by L. theobromae. 

Under similar condition, polyphenol oxidase (PPO) activity was found 

maximum in tea plants after pre-treated separately with five different inducers 

(nickel chloride, salicylic acid and jasmonic acid, Trichoderma harzianum and leaf 
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extract of Acalypha indica) following challenge-inoculation, in comparison to 

untreated-uninoculated and treated-inoculated controls. 

PPO isozyme assay in tea showed differential expression with R1 values 

of 0.09, 0.30, 0.40 and 0.50. Two isoforms of R1 0.09 and 0.05 were expressed 

constitutively in all treatments including control. PPO isozyme of R1 0.09 was 

expressed with higher intensity in aqueous leaf extract (of Acalypha indica) and 

salicylic acid treated-inoculated tea plants in comparison to untreated

uninoculated and treated-uninoculated controls. PPO isozymes of R1 0.40 and 

0.30 were also expressed in higher level in treated-inoculated tea plants. 

The enzyme, 13-1 ,3-g/ucanase activity was found maximum in pre-treated 

(separately with salicylic acid, Trichoderma harzianum, T. virens and Acalypha 

indica) and challenge-inoculated (by L. theobromae) susceptible tea variety, TS-

449. Isozyme patterns of 13-1 ,3-g/ucanase revealed three different isozyme bands 

with different R1 values of 0.1, 0.35 and 0.45. Two isoforms of R1 0.1 and 0.35 

were found as constitutive. But they were expressed at higher levels in treated

inoculated plants. An unique 13-1 ,3-g/ucanase isozyme of R1 0.45 was found to 

express in treated-uninocu/ated and treated-inoculated plants. 

Chitinase activity was also found to increase in pre-treated (separately 

with nickel chloride, Trichoderma harzianum, Acalypha indica and Azadirachta 

indica) and inoculated (by L. theobromae) tea plants. Chitinase activity in treated

inoculated plants was also studied by chitinase supplemented plate method. It 

was evident that pre-treated (separately with Acalypha indica leaf extract and 

nickel chloride) and challenge-inoculated susceptible tea variety showed 

significantly higher degree of 'chitinase activity' (expressed as intensity grade 

++++). Under similar condition of pre-treatment and inoculation resistant tea 

variety showed comparatively lower chitinase activity (intensity grade+++). 

Peroxidase activity was found higher in pre-treated (separately with nickel 

chloride, Trichoderma harzianum, Acalypha indica or Azadirachta indica) and 

challenge-inoculated (by L. theobromae) susceptible tea variety in comparison to 

untreated-uninoculated and treated-uninocu/ated controls. Peroxidase isoforms 

with two bands of molecular mass 38KDa and 33KDa were expressed 

prominently in pre-treated (separately with leaf extract of Azdirachta indica and 

Acalypha indica) and challenge-inoculated tea plants. Expression of the 33KDa 

peroxidase isozyme did not increase much following treatment with leaf extract 
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but increased dramatically when treated plants were challenge-inoculated with L. 

theobromae. 

Degree of susceptibility or resistance of a particular variety to a 

pathogenic fungus is determined through its pathogenicity. Pathogenicity is 

determined, ordinarily , by disease incidence. Disease incidence was assessed 

and compared in the differentially induced susceptible variety , TS-449 . Three 

different abiotic inducers, two biotic inducers and four leaf extracts were used for 

induction of resistance in the susceptible variety TS-449. Assessment of diplodia 

disease was performed from 4th day up to 16th day at 4-days intervals . Salicylic 

acid (abiotic inducer) and T. virens (biotic inducer) effectively reduced disease 

incidence (mean foliar disease index/plant) in tested tea plants. Disease 

incidence was also found to reduce in tea plants induced by three different leaf 

extracts (viz. Azadirachta indica, Acalypha indica and Catharanthus roseus) as 

evidenced by the results . 

Implications of the results have also been discussed in the discussion 

section . The results were encouraging since several inducers showed significant 

resistance inducing capacity . Further these may be integrated with other bio

control agents and may be used in fields as part of integrated disease 

management system . 

All the investigations presented in the study have confirmed and also 

extended some of the findings of the earlier workers. During this study, certain 

new facts of fundamental importance have also been revealed . Pathogenicity of 

L. theobromae has been tested in several tea seed varieties in different ways . 

The significance of antigenic relationship with regard to compatible interaction 

between L. theobromae and tea seed varieties has been demonstrated by 

various serological techniques . Correlation between pathogenicity test and 

different serological experiments was observed and was confirmed with indirect 

ELISA. Major cross-reactive antigens between the tea plants and the pathogen 

were detected in the cells of tea and the pathogen through immunofluorescence 

and 'immunogold-silver enhancement' studies . Resistance was induced in 

susceptible tea varieties using some chemicals and plant extracts . Hence, this 

study has provided an insight to formulate a definite defense inducer against 

diplodia disease. Present study designs the suitable control measures of the 

disease using resistance inducers of different nature. 
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