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INTRODDC riON



Tea [Camellia sinensis (L.)O.Kimtze] forms the backbone of the economy of 

North-East India. Being a perennial the tea plant possibly interacts with, and samples 

more environmental (both physical and biological) problems than does any other 

plant. Black rot caused by Corticium theae Bernard is one of the foliar diseases of tea 

( Plate I ) which is very common in the plains but rare in the hills. It attacks all teas 

from their seedling stage upwards. The disease persists in the same areas for years, if 

not controlled, causing gradual deterioration in the health of the tea and loss in crop. It 

thrives best and persists for years in the badly ventilated places, often where air 

movements are prevented by bamboo plantations, under overdense shade or areas 

surrounded by jungle, especially where the air in rainy season is hot, moist and still. 

Black rot is more prevalent on tea which has been cut across without any cleaning out 

and unskififed and unpruned tea. C. theae produces on the leaves large patches 

covering about half and sometimes the entire leaf area. Colour on the uppersurface of 

the affected area at the early stage is reddish-brown, similar to sun-scroch damage, 

later it is a mixture o f brown, yellowish-brown and grey; the undersurface is light 

brown or greyish-white and usually covered with a net work or cream to brown 

mycelium. Diseased leaves often remain attached, to other leaves and stems, held 

together by small cushions or films of pinkish-white or cream coloured mycelium. 

The ftmgus produces on the stem, thick cords of mycelium, up to about 3 mm across, 

dark purplish-brown on the older portions of the stem and dull white to light brown on 

the green portions at the top.The fungus produces minute resting bodies (sclerotia) in 

the cracks and crevices o f the stem towards the end of the rainy season. 

Fructifications appear, during the rainy season, as white, dusted patches on the 

undersurface of mature, green leaves. The fungus spread not only by direct contact 

from bush to bush but also by wind, birds as well as by workers of the tea garden

In nature plants survive in the face of attack by many microbial organisms that 

threaten their survival and attempt to use them as a food source by employing several 

layers of defense response. The interaction between plants and their pathogens is 

complex and may be very specific to a given combination o f the plant and the fungus. 

The defence strategies of plants against their pathogens are manifold and include the 

use of antifungal chemicals. On the other hand, pathogens have evolved mechanisms 

to evade these chemicals. Heath (1980} has argued effectively for the differentiation 

of the responses of plants to pathogens based on host and non-host interactions.





In such relationships it has long been recognized that responses are characterized by 

the early accumulation of phenolic compounds at the infection site and that limited 

development of the pathogen occurs as a result of rapid (hypersensitive) cell death 

( Fernandez and Heath, 1989). Regardless o f the reasons for cell death, it is thought 

that rapid accumulation of phenols may result in the effective isolation of the 

pathogen at the original site of ingress. These responses include the formation of 

lignin, the accumulation of cell-wall appositions such as papillae, and the early 

accumulation of phenols within host cell walls. Numerous studies suggest that low 

molecular weight phenols, such as benzoic acids and the phenylpropanoids are formed 

in the initial response to infection. Most research on resistance mechanisms has 

shown that the plant uses defenses that are activated after infection to stop pathogen 

development (Dixon and Harrison, 1990). Many biochemical changes occur in plants 

after infection, and some of these have been associated with the expression of defense 

they have activity against pathogen in vitro. One of the best and longest-studied 

defense response of plants to infection is the induced accumulation of antimicrobial, 

low-molecular weight secondary metabolites known as phytoalexins 

( Hammerschmidt, 1999; Harbome, 1999; Greyer and Kokubun, 2001).

Host and parasite iteraction can also be correlated with lock and key function. 

Notches on the parasite i.e. ‘key’ are those factors required to allow colonization of 

plant tissue and/or to overcome host resistance factors. In order to colonize host tissue 

and reproduce, a successful parasite must have accumulated the genetic information to 

eliminate, overcome, avoid or escape all o f the host defenses encountered. Although 

plants do not produce antibodies, as animal do, against invading pathogens, still some 

kind of immunological response may be operating in plants. The striking similarities 

of cell surface chracteristics have been critically emphasized. The complexity o f the 

interactions that affect the selection of parasites and allow their establishment and 

survival among host cells is manifested in the frequency and variability of cell surface 

antigens. Some intriguing research work suggests that antigenic similarity between 

host and pathogens may be a prerequsite for compatible reactions or in other words, 

successful establishment of the pathogens in host depends upon some kind of 

molecular similarity between two partners (Devay and Adler, 1976). However, only



certain key-common antigens are important in host-parasite compatibility 

( Chakraborty and Purkayastha, 1983; Alba and Devay,1985; Chakraborty and Saha, 

1994; Chakraborty et.al, 1995; 1997; 2002). It has been observed that with increased 

antigenic disparity, the response of host may prevent fiirther activity of the parasite 

( Chakraborty, 1988; Purkayastha, 1994 ).

The basic objectives of the present investigation are ( a ) screening of Tocklai 

and UPASI tea varieties for resistance to C.theae; ( b ) determination of level of 

phenolic compounds in the leaves o f resistant and susceptible varieties before and 

after infection with C.theae; ( c ) assay of peroxidase (PO) and phenyl alanine 

ammonia lyase (PAL) activities in the leaves before and after infection with C.theae ;

( d ) ascertaining the antifiingal activity of phenohcs associated with differential host 

response to infection; ( e ) estimation of host-parasite proteins before and after 

infection and analysis by SDS-PAGE; ( f ) extraction of antigen from mycelial and cell 

wall preparations of C.theae; healthy, artificially moculated and naturally black rot 

infected tea leaves; ( g ) raising of polyclonal antibody against antigens of tea leaves 

and C.theae; ( h ) detection of serological cross reactivity between C.theae and tea 

varieties following immunodiffusion tests and erizyme linked immunosorbent assay 

(ELISA); ( i ) detection of C . theae in artificially inoculated tea leaves by ELISA; (j) 

detection of pathogen using dot blot and ( k ) determination of the cellular location of 

cross reactive antigens (CRA) in tea leaf tissues, mycelia and sclerotia of C..theae 

using immunofluorescence

Before going into the details of the present work, a brief review in conformity 

with this study has been presented in the following pages.
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Disease resistance in plants depends on multiple defence mechanisms which include 

preformed defence barriers such as the cuticle, the cell wall or constitutive antimicrobial 

compounds as well as defenses triggerred by the invader. Resistance to disease can also 

be described on several levels such as nonhost resistance, parasite- and race-specific 

resistance, plant age- and organ-specific resistance, and acquired resistance. To fully 

understand each type of resistance, we need to determine what physical and biochemical 

factors are needed to stop the pathogen from developing in the tissue after infection. The 

physiological/biochemical basis of resistance of plants to fungal and bacterial pathogens 

has been associated with both preformed and infection induced antimicrobial compounds. 

In fact, if one considers the multitude of microorganisms to which plants are bemg 

continuously exposed in nature, the significance o f specificity becomes more apparent 

(Chakraborty, 1988). The success or failure of infection is determined by dynamic 

competition and the final outcome is determined by the sum of favourable and 

unfavourable conditions for both the pathogen and host cells. Purpose of this review is to 

present briefly the observation o f previous workers in concord with the present line of 

investigation on two major aspect i.e. (a) Phenolic compounds and their role in plant 

disease resistance and (b) Serological cross reactivity between host and parasite.

Phenolic compounds and their role in Plant Disease Resistance

Phenols have been found in plants investigated to date. Some occur constitutively 

and are thought to fimction as preformed inhibitors associated with nonhost resistance 

(Millar and Higgins, 1970; Schonbeck and Schlosser, 1976; Mansfield 1983; Stoessal, 

1983). Others which are formed in response to ingress of pathogens and their appearance 

is considered as part of an active defence response. Since the phenoUc intermediates have 

a role in the active expression of resistance, an underlying problem in ascertaining that 

such secondary metabolites are o f primary (rather than secondary) importance has been 

the localization and timing of the host response (Nicholson and Hammerschmidt, 1992).

Phenols are significant components of the host response following infection. 

Paschenko (1978) demonstrated the role o f phenols in resistance of Nicotiana didebta to



Peronospora tahacina. From a study of the effects of pyrogallol, pyrocatechol and 

hydroquinone and aqueous extracts from leaf tissues of didehta and leaf washing on 

conidial growth, no direct relationship was found between their quantity and the 

resistance of mature plants to P. tabacina. Pyrocatechol and hydroquinone showed 

extremely high fiingitoxicity in relation to P. tabacina. Spore growth was more strongly 

inhibited by extracts from tissue of receptive cultivars. Pyrogallol somewhat stimulated 

conidial growth. Polyphenoloxidase of resistance cultivars were highly activated during 

infection. In potato tubers chlorogenic acid was reported to accumulate slower following 

inoculation with P. infestants than in non-inoculated controls, regardless of cultivar 

resistance (Gans, 1978), In contrast, in some susceptible cultivars chlorogenic acid 

accumulates at an accelerated rate after inoculation (Henderson and Friend, 1979). The 

differentiation of the responses of plants to pathogens based on host and non-host 

interactions also has been argued by Health (1980).

Chlorogenic acid act as a reservoir for the caffeoyl moiety that, as an activated 

phenylpropanoid, could be shunted to the synthesis of other phenoUcs possibly involved 

in containment of the pathogen ( Friend,1981). The accumulation of chlorogenic acid 

may represent a general rise in phenolic biosynthesis. Such synthesis can ultimately result 

in the accumulation of compounds with sufficient toxicity to be involved in resistance. 

When carrot root slice is infected with Botrytis cinerea, the infection leads to the 

production of inhibitors such as 6-methoxymellein, p-hydroxybenzoic acid and falcarinol 

(Harding and Heale,1981). Oat produces nitrogen containing phenohc phytoalexins, the 

avenalumins, and these compounds accumulated only in incompatible host pathogen 

interactions (Mayama et at. 1981)

Mayama and Tani (1982) took advant^e of the UV-absorbance and 

autofluorescence spectra of the avenalumins and used microspectrophotometry to reveal 

the presence of intense fluorescence only in cells immediately associated with the 

infection site. Rapid accumulation of phenols may result in the effective isolation of the 

pathogen (or non-pathogen) at the original site o f ingress (Legrand, 1983; Ride, 1983). 

For most plants it is low molecular weight phenols, especially the phenyl propanoid, that 

are involved in the initial response to stress. In potato, phenols accumulate as an initial 

response to infection (Hammerschmidt,1984; Hachler and Hohl, 1984). The accumulation



of polymerized phenols also occurs as a rapid response to infection. Hydroxycmnamic 

acids and their derivatives are thought to contribute to the discoloration and 

autofluorescence of host tissues at the site of infection (Farmer, 1985; Bolwell et a i, 

1985).

Change in phenolics in maize leaves after inoculation with Bipolaris zeicola and 

their antifungal activity was demonstrated by Werdes and Kern (1985). Maize inbreds Prl 

(resistant) and Pr (susceptible) to B. zeicola race 1 were inoculated and phenolic material 

was extracted from maize leaf tissue. The components were than analyzed and resistance 

was studied with respect to phenol metaboUsm and accumulation of fungitoxic 

compounds. Host responses could be differentiated by changes in content o f phenolic 

compounds. The pattern of changes o f total phenolic content (hydrolyzed and 

unhydrolyzed ethylacetate soluble phenols) of resistant and susceptible inbreds did not 

differ much between 0 hr. and 96 hr. after inoculation. However, phenolics content in the 

resistant inbred increased between 96 and 120 hr. after inoculation to a level two to three 

times higher than that of susceptible and non-infected control in breds. They isolated four 

antifungal compounds. A, B, C and D from hydrolyzed maize leaf extracts. All four 

compounds were fungitoxic to B. zeicola in spore germination and chromatographic 

bioassays. Compounds A and B were inhibitory to B zeicola only in high concentrations. 

The investigators suggested a role of the phenol metabolism in the resistance of maize to

B. zeicola based on different content o f total phenolics in resistance and susceptible 

inbreds. The compounds C and D were supposed to play a role m the resistance 

mechanism as fungitoxic component.

Change in phenolics o f two each of resistant and susceptible varieties of wheat 

leaves in response to Puccinia recondita causing brown rust were evaluated by Saxena et 

al (1986). They found that resistant varieties exhibited higher concentration of phenohcs 

than the susceptible one. Esterification of phenols to cell-wall materials has been 

considered as primary theme in the expression of resistance (Fry, 1986; 1987). 

Biochemical analysis o f pea varieties resistant and susceptible to Erysiphe polygoni 

causing powdery mildew disease revealed that the quantity of total phenol and 

orthodihydroxyphenol was high in stem and leaves of resistant varieties as compared to 

susceptible ones which decreased as the age of plant mcreased in all the varieties 

(Parashar and Sindhan, 1987).



The temporal and spatial differences in the accumulation of phenylalanine ammonia- 

lyase (PAL) mRNA occurred as a response to infection which was rapidly elevated in 

interactions involving an incompatible race of fungus, where as a significantly different 

profile of mRNA accumulation occurred in interactions involving a compatible race 

(Cuypers et al, 1988). The kinds o f phenolic compounds that accumulate prior to the 

active defence response as well as their origin has been addressed by Matem et al (\9%%) 

using parsley leaves with P. megasperma f. sp. glycinea (Pn^) or treatment o f parsley 

cell suspensions with a Pmg elicitor results in the accumulation of substantial 

concentrations of coumarin phytoalexins as well as esterification of phenylpropanoids, in 

particular ferulic acid, to cell walls. Treatment o f parsley cells with the Pmg. elicitor 

cause the synthesis o f the coumarin phytoalexins isopimpinellm, psoralen, bergapten, 

xanthotoxin and graveolone. The healthy leaves of Morinda tomentosa contained the two 

methoxyflavonols 4’-0M e Kaempferol and 3’, 4’- di OMe quercentin, and the four 

phenoUc acids-vanillic, syringic, gentisic and ferulic. The Colletotrichum gloeosporoides 

infected leaves contained the hydroxyflavonols kaempferol and quercetin along with four 

phenolic acids found in healthy leaves. The difiusates of both the pathogen and non

pathogen (F. solani) treated leaves contained quercetin and kaempferol (Abraham and 

Daniel, 1988).

Matem and Kneusel (1988) have proposed that the defensive strategy of plants exists 

in two stages. The first is assumed to involve the rapid accumulation of phenols at the 

infection site, which function to slow (or even halt) the growth of the pathogen and to 

allow for the activation of “secondary” strategies that would more thoroughly restrict the 

pathogen. Secondary responses would involve the activation of specific defences such as 

the de-novo synthesis o f phytoalexins or other stress-related substances. They argue that 

the initial defense response must occur so rapidly that it is tmlikely to involve de novo 

transcription and translation of genes, which would be characterstic o f the second level of 

defence. The sequence of events in a defence response can be thought to include-host cell 

death and necrosis, accumulation of toxic phenols, modification of cell walls by phenolic 

substituents or physical barriers such as appositions or papillae, and, fmally, the synthesis 

of specific antibiotics such as phytoalexins.

Prasada et al (1988) reported that after infection total phenol increased in green and 

ripe tomato fruits in course of rotting due to Sclerotium rolfsii. There is often a greater



increase in phenolic biosynthesis in resistant host species than in susceptible host and it is 

sometimes postulated that the inscrease in phenolic compounds is part of the resistance 

mechanism. Some of these compounds are toxic to pathogenic and nonpathogenic fongi 

and have been considered to play an important role in disease resistance (Vidyasekharan, 

1988). Changes in phenol contents was also demonstrated by Oke (1988) in young, 

matured, healthy and Cassicola corynospora and Colletotrichum nicotianae infected 

leaves of tobacco. After infection the quantity of total pehnols and orthodihydroxyphenol 

increased in both stem and leaves of susceptible and resistant varieties.

Tore and Tossi (1989) investigated the changes in phenolic and nitrogen metabolism 

in healthy and infected with (Thielaviopsis basicola) tobacco roots and leaves. The 

chlorogenic acid content increased in infected root and leaves compared with the control 

beginning on the 8th day after inoculation. Polyphenol content in sweet cherry bark was 

drastically changed after infection by Cercospora personii (Bayer, 1989). Infected tissue 

and closely neighbouring areas were characterised by the appearance of phenolic 

aglycons which inhibited growth of both the pathogen. Mechanically wounded bark 

tissue showed different phenolic patterns than infected ones.

Etenbarian (1989) detected quantitative changes in phenolic compound at different 

time intervals on barley varieties incoulated with Puccinia hordei. Luthra (1989) 

determined the levels o f total phenol in sorghum leaves, resistant and suceptible to 

Ramulispora sorghicola at 15 days interval after 25 days of sowing. Resistant varieties 

exhibited high phenol content in comparison to susceptible ones at all stages o f growth.

Phenolic compounds inhibitory to the germination of spores o f Colletotrichum 

graminicola were shown to leach from necrotic lesions on com leaves caused by the 

fungus. Primary components o f the phenolic mixture were identified as esters and 

glycosides of p-coumaric and ferulic acids as well as the free compound themselves. 

Spores of C. graminicola produced in acervuli o f infected leaves were shown to be 

surroimded by a mucilaginous matrix as in the case when the fiingus is cultured in vitro. 

It is suggested that the mucilage protects spores from the inhibitory effects of the phenols 

by the presence of proline rich proteins that have been shown to have a high binding 

affinity for a variety of phenols (Nicholson et aJ., 1989).The relatively non-specific 

disruptive effects on cells that result from wounding lead almost immediately to a variety 

of physiological changes, including oxidation of secondary metabolites. The
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accumulation of these esters preceded the onset o f visible necrosis of infection sites, the 

concentration of the compounds fell substantially after the onset of necrosis both of 

which strengthen the argument for their involvement in the browing response (Bostock 

and Stermer, 1989). Toxic phenylpropanoids, such as ferulic acid, can form rapidly 

without the involvement of the traditionally accepted route of phenylpropnoid synthesis 

and conversion to Co A esters (Hahlbrock and Scheel, 1989). It has long been recognized 

that responses are characterized by the early accumulation of phenolic compounds at the 

infection site and that limited development o f the pathogen occurs as a result of rapid 

(hypersensitive) cell death (Fernandez and Heath, 1989). Baker et. al (1989) examined 

specific race interaction with clones of resistant and susceptible genotypes and they 

found greater accumulation of phenolic compounds in resistant reaction than in 

susceptible reaction. They suggested that accumulation of phenolics may play a role in 

natural and induced interaction involving Colletotrichum trifolii and Medicago sativa.

Kumar et al. (1990) analysed certain biochemical changes m the pearl millet shoots 

infected with downy mildew pathogen (Sclerospora graminicola). The estimation 

revealed that the total phenol and free amino acids content were found to be low both in 

diseased shoot and roots of pearl millet (Pennisetum glaucum). In maize there is a 

marked accumulation of two caffeic acid esters after inoculation with Glomerella 

graminicola or C. heterostrophus in both compatible and incompatible combination 

(Lyons et al., 1990). One compound was identified as caffeoyl glucose, whereas the other 

was a caffeoyl ester o f an unknown organic acid moiety. Although neither compound was 

fungitoxic, a pattern o f rapid accumulation followed by a sharp decrease in the amount of 

both compounds in the tissue suggested that they may serve as a pool of phenols required 

for diversion to other products. Mansfield (1990) has proposed that cell death results 

from irreversible membrane damage that may occur m response to pathogen recognition 

or as a result of activated host response.

Low molecular weight phenols, such as benzoic acids and the phenylpropanoids, are 

formed in the initial response to infection (Niemann et al., 1991). Early after infection, 

low molecular weight phenols accumulate in both incompatible (resistant) and 

compatible (susceptible) interactions. Whether these compounds, are significant in the
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demonstrated that accumulation of phenols at the infection site occured as early as 3 hr. 

after inoculation, indicating an association of phenols with the initial stages of the 

response. The contents of phenols, 0-dihydroxyphenols and peroxidase activity in 

healthy and Curvularia andrepogonis infected leaves of Java citronella (Cymbopogan 

winterianus) were determined by Alam et al. (1991). As a result of infection the content 

of phenols and peroxidase increased two and fourfold, respectively in necrotic lesions 

compared to healthy leaves. . It has been suggested by Permulla and Heath (1991) that 

the accumulation of phenolics as an initial response to infection may reflect a general 

increase in host metabohsm as well as an accumulation of relatively non-toxic secondary 

metabolites, which could ultimately serve as precursors for compounds essential to 

expression of resistance. In the interaction of potato tubers with Verticillium dahliae, 

hypersensitive browning and suberization are characteristic o f the initial events in 

resistance rather than production and accumulation of phytoalexins (Vaughn and Lulai 

1991).

The Fusarium sp infected leaves o f Trianthema portulacastrum contained 6,1, 

dimethoxy-3, 5, 4’- trihydroxy flavone, vanillic acid, p-hydroxybenzoic acid, quercetin 

and ferulic acid. By using drop difflisate technique it was found that the pathogen induces 

the formation of quercetin and ferulic acid (Darshika and Daniel, 1992). Changes in 

carbohydrates, amino acid and phenolic contents in jute plant on inoculation with 

Macrophomina phaseolina, Colletotrichum corchori and Lasiodiplodia theobromae were 

studied by Sahabuddm and Anwar (1992). Total sugars, non-reducing sugars, starch and 

total free amino acids were found to decrease on inoculation with all the three test 

pathogens of jute, while reducing sugars, total phenols and orthodihydric phenols 

increased.

Among fourteen varieties of tea tested separately against Glomerella cingulata, 

Pestalotiopsis theae and Bipolaris carbonum, TV-18 and TV-26 were highly susceptible 

and resistant respectively to G. cingulata and B. carbonum. While TV-23 and CP-1 were 

found to be highly susceptible and resistant to P. theae. Twelve separate phenolics were 

detected on thin layer chromatograms after extraction from healthy tea leaves and some 

were identified as gallic acid catechol, caffeic acid and p-coumaric acid. Total phenol



12

level decrease by 4.5, 1.2 and 8.5% in the susceptible varieties TV-18, TV-9 and TV-17 

respectively after inoculation with B.carbonum, whereas in case of resistant varieties TV- 

26, TV-25 and TV-16 total phenol level increased by 11.1, 5.7 and 12.2% respectively 

after inoculation. Similar pattern was observed for 0-dihydroxy phenol content in healthy 

and inoculated leaves o f resistant and susceptible varieties (Chakraborty et al., 1994b).

The healthy leaves of Tectona grandis contained two flavones : 4’-0  Me-apigenin 

and luteolin. The phenolic acids present were syringic, sinapic, vanillic, meUlotic and 

gentisic acid. The other constituents of the leaves were quinones (lepachol and 

tectaquinon), proanthocyanidins, iridoids, alkoloids and tannins. The infected leaves did 

not contain any flovone but a flovonol 3’, 4’- dimethoxyquercetin instead and phenolic 

acid such as ferulic, vanillic, melilotic and gentisic acids. They contained the same 

quinones as at healthy leaves as well as proanthocyanidins, iridoids, alkoloids and 

tannins. There was no significant chemical differences between the diffiisate of control 

and treated leaves when the healthy leaves were treated with the spore suspension of 

Curvularia clavata. But when the leaves were treated with a non-pathogen Fusarium 

solani, the diffiisate contained p-hydroxybenzoic acid. Mycelial growth, spore 

germination and germ tube growth of F solani and C  clavata is strongly inhibited by 

P-hydroxybenzoic acid (Daniel, 1995).

Two antifungal compounds isolated from healthy and Bipolaris carbonum infected 

tea leaves exhibited clear inhibition zones at Rf 0.8 and 0.65, respectively in a 

chromatographic bioassay. On the basis o f their coloiir reaction on TLC and UV-spectra 

these were identified to be catechin and pyrocatechol, respectively. Resistant varieties 

accumulated 439-510 ug/g fresh weight tissue of catechol in comparison to 187-212 ug/g 

fresh weight tissue in susceptible varieties after inoculation with B. carbonum. Low 

concentration of this compound was also detected in healthy leaf tissues (Chakraborty 

and Saha, 1994, 1995). Phenolic contents in pea genotypes in relation to powdery 

mildew disease was studied by Sharma et.al (1998) . Guleria et.al (2001) demonstrated 

increased levels o f peroxidase, polyphenol oxidase, phenylalanine ammonia lyase and 

phenols in salicyclic acid sprayed leaves in comparison to untreated control plants.

In some host parasite interactions phenolics have been associated with phytoalexin 

accumulation (Mansfield et al 1974, Langcake and Pryce, 1976, Langcake and Macarthy, 

1979, Holliday et al., 1981, Pierce and Ersenberg, 1987, Baker et al., 1989). Phytoalexin
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accumulation is believed to be an important early defence response in several plant 

pathogen interactions. A lot of work has been done and several comprehensive reviews 

have appeared on phytoalexins and their role in disease resistance (Cruickshank, 1963, 

1978, 1980, Kuc, 1966, 1972, 1976; Deverall, 1972, 1976; Ingham, 1972, 1973, 1982; 

Purkayastha, 1973, 1976,1985,1986; Van Etten and Pueppke, 1976; Keen and Brueggar, 

1977; Harbome and Ingham 1978 ; Keen 1981, 1982, 1990; Van Etten et al„ 1982, 1989; 

Wood 1982; Bailey and Deverall, 1983; Ward, 1986; Paxton 1988; Ebel and Grisebach, 

1988; Daniel, 1995; Purkayastha, 1995; Chakraborty et a l,  1995; Hammerschmidt, 1999; 

Greyer and Kokubun, 2001).

Phytoalexins constitute a chemically heterogeneous group of substances belonging 

to various classes of natural products which include isoflavonoids, sesquiterpenoids, 

polyacetylenes and stilbenoids. Many phytoalexins are absent in healthy, unchallenged 

plants. It was originally believed that phytoalexins were host specific. With the evidences 

accumulated so far, concerning the wide spread occurrence, isolation and characterization 

of phytoalexins during the past 50 years, it is now clear that more than one phytoalexin 

could occur in a single host species o f which one may be dominated (Purkayastha, 1995). 

Again , similar phytoalexins may also occur in different host species. Plant organs 

including roots, stem, leaves and fruits have been shown to respond to infection with the 

formation o f phytoalexins. Among plant pathogens, fungi, some bacterial and viruses are 

capable o f including phytoalexin production in plants, but involvement o f the last two 

groups of organisms seems to be quite negligible in comparison with the large group of 

fungi. During incompatible host-parasite interaction, phytoalexin is synthesized rapidly 

and accumulates at the infection site (Akazawa and Wada, 1961 Cruickshank and Perrin, 

1968, Partridge and Keen, 1976; Pvirkayastha et al., 1983). In contrast in the compatible 

host parasite interaction the plant also synthesis the phytoalexin but relatively slowly and 

in reduced concentration.

The degree of stimulation of phytoalexin biosynthesis depends on several factors 

such as quantity of elicitors, presence or absence of receptors in the host cell membrane, 

if present, strong or weak response of receptor, duration of treatment, and environmental 

conditions. Some selected observations in this line o f research have been incorporated in 

the following paragraphs.
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A glucan was isolated from the cell wall extracts o f Fusarium oxysporum f  sp 

lycopersici (Anderson, 1980) and a polypeptide (monilicolin A), from mycelia o f 

Monilina fructicola (Cruckshank and Perrin, 1968). Both compounds elicited phaseollin 

production. An elicitor o f phaseollin was isolated from the mycelial walls and culture 

filtrates of Colletotrichum lindomuthianum, which was identified as a polysaccharide. 

The molecular weight varied between 1 million and 5 million Da, and consisted 

predominantly o f 3-and 4- linked glycosyl residue (Anderson and Albersheim, 1975). An 

amount equivalent to 100 ng of glucose elicited a similar response in the bean tissue.

The isolates o f Fusarium solani which differed in their pathogenicity also should 

differential pisatin-eliciting potential. It was confirmed when their culture filtrates were 

tested on pea (Daniels and Hadwiger, 1976). There was a difference in the concentration 

of elicitor in the culture filtrates of isolates. The elicitor was fairly heat-stable and also 

stable in freezing, but eliciting activity was reduced significantly by pronase digestion. 

This strongly suggests that some of the activities were due to proteinaceous components.

An elicitor of glyceoUin was isolated from the mycelial wall o f Phytophthora 

megasperma var. Sojae by Ebel et a l, (1976). This elicitor stimulated the activity of 

phenylalanine ammonialyase and also induced glyceollin production in soybean cell 

cultures. They concluded that the action of elicitors is not species or variety specific but 

is a part of the general defence response of plants. Shiraishi et al., (1978) detected both 

elicitor and suppressor o f pisatin in the pycnospore germination fluid o f Mycosphaerella 

pinoides.

The regulation system of phaseollin synthesis in cell suspension cultures of dwarf 

french bean (Phaseolus vulgaris) was studied by Dixon and Christopher (1979). 

Considerable amount of phaseollin accumulated when french bean was treated with an 

eUcitor from the cell wall of C. lindemuthianum. But the elicitors isolated from the cell 

walls of P. sojae and Botrytis cinerea were less effective.

Elicitors extracted from the cell walls of Saccharomyces crevisiae were identified as 

structural glucans. These are able to stimulate glyceollin accumulation in soybean. 

Specific elicitors of glyceollin were also detected in the cellular envelops of incompatible 

races of Pseudomonas syringe pv. glycinea. However, elicitor activity could not be 

detected in lipopolysaccharide preparation of exopolysaccharide fraction, or the culture 

fluids of various races of P glycinea. ehcitors were solubilized with sodium dodecyl
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sulfate and then preparations from five bacterial races expecting one had similar 

specificity for elicitation of glyceoUin in cotyledons of two soybean (Glycine max) 

cultivars (Bruegger and Keen, 1979). These observations suggests that elicitors are not 

always race specific. Glycoproteins were extracted from isolated cell walls of 

Phytophthora sojae with 0.1 N NaOH at 0°C and elicited glyceollin in soybean 

hypocotyls with the same specificity as the fungus races from which they were obtained 

(Keen and Legrand, 1980). Fraction of the crude extracts on DEAE Bio-Gel and Bio-Gel 

A-5 m columns showed that specific elicitor activity was associated with the presence of 

high molecular weight glycoproteins detected by SDS gel electrophoresis. The 

glycoproteins appeared to contain only glucose and marmose as neutral sugar. The 

elicitor activity o f the glycoproteins was not diminished by boiling at 100®C or pronase 

treatment, but was destroyed by periodate, thus indicating that the carbohydrate portions 

are important for activity. The glycoproteins were the only concanavalin A reactive 

species detected in the crude cell wall extracts, and fluorescein labelled concanavalin A 

was hapten-specifically bound to living hyphae of the fungus.

Purkayastha and Ghosh (1983) reported elicitor activity o f fresh mycelial wall 

extract o f Myrothecium roridum. Spores were suspended in mycelial wall extract, drops 

placed on leaf surfaces o f soybean and incubated for 48 hr. The results of bioassay test 

revealed that the spores suspended in mycelial wall extract were more inhibitory than the 

spores suspended in mycelial wall extract were more inhibitory than the spores suspended 

in sterile distilled water and incubated on leaf surfaces for a similar period. Mycelial wall 

extract induced greater production of glyceollin in soybean leaves.

Yomoto et. al (1986) demonstrated that pisatin could be induced in pea leaves by 

elicitors from Mycosphaerella pinoides, M. melonis and M  lingulicola. Accumulation of 

pisatin increased after removal o f epidermis and application of elicitors from germination 

fluid o f the fimgus.

A carbohydrate rich extracellular component from a race of C  lindemuthianum 

showed a high level o f phytoalexin activity on a resistant cultivar “Dark Red” of kidney 

bean but not on the susceptible cultivar “Great Northern.” Other extracellular components 

were also recognised as elicitors by both cultivars. It is noteworthy that the two cultivars 

of Pheseolus ^julgaris displayed a differential response to extracellular components.
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These observations support the hypothesis that both general and specific mechanisms 

exist in race cultivar interaction (Tepper and Anderson 1986).

Metabolites and viable cells o f Pseudomonas corrugata from liquid culture medium 

elicited biosynthesis o f the phytoalexin medicarpin in ladino white clover (Trifolium 

repens) leaflets and callus. The biologically active elicitors components were soluble in 

80% ethanol. They were partially purified by removing components greater then 3,500 

Da by dialysis and fractionating by preparative reversed phase HPLC. None of the four 

fractions separated by HPLC elicited appreciable quantities of medicarpin in callus, but 

fraction 1 combined with fraction 4 elicited high concentrations o f medicarpin. Any 

combination of fractions 2, 3 and 4 synergistically elicited medicarpin in callus. Elicitor 

activity was concentration - dependent. The active fractions were acidic in solution, but 

their ehcitor activity was not dependent on low pH. Fraction 1 contained primarily 

uncharacterized reducing carbohydrate and phosphate. Fractions 2 and 3 were composed 

primarily of two related, imidentified fluorescent compounds and fraction 4 contained 

another unidentified fluorescent compoimd (Gusine et al., 1990).

The phytopathogenic fungi Phytophthora subspecies elicit hypersensitive-like 

necrosis on their nonhost tobacco (Nicotina tabacum), with the exception of the tobacco 

pathogen Phytophthora nicotianae. In culture, these fimgi except P nicotianae secrete 

proteins, called elicitins, that cause these remote leaf necrosis and are responsible for the 

incompatible reaction. These proteins protect tobacco against invasion by the agent of the 

tobacco black shank, P nicotianae, which is unable to produce such an elicitor. 

Cryptogein secreted by P cryptogea, has been purified, sequenced and characterized by 

terce-Laforgue (1992) as an elicitin, a novel family of 10k da holoproteins. The secretion 

of cryptogein began later than its synthesis and stopped earlier, simultaneously with 

mycelium growth, when the nitrogen source in the culture medium was nearly exhausted. 

Electrophoretic patterns of total protein from mycelium extracts and N-terminal sequence 

analysis showed that cryptogein accumulated in the mycelium in its natural form. 

Cryptogein was synthesized as a preprotein.

Fifteen isolates o f Phytophthora parasitica, nine from tobacco (causing black shank 

disease) and six from other host plants were compared by root inoculation with regard to 

their pathogenicity to young tobacco plants. A progressive invasion of the aerial parts 

over 1 week was observed only with the black shank isolates, while the non-tobacco

w .  b c ' f "
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isolates induced leaf necrosis within 2 days. Similar necrosis occured when the roots of 

tobacco plants were dipped in diluted culture filtrates from non-tobacco isolates, but not 

in those from tobacco isolates. The necrosis inducing filtrates were shown contain a c 

lOK Da protein band which was not present in the other filtrates. This protein (named 

parasiticein) was purified by ion exchange chromatography to homogeneity in SDS - 

PAGE and reverse phase HPLC. Parasiticein was serologically related to cryptogein, a 

member o f the elicitin family o f proteinaceous ehcitors. Like the other elicitins, 

parasiticein induced necrosis in tobacco plants and protected them against black shank. It 

most closely resembled little leaf necrosis. Ricci et a l, (1992) suggested that the absence 

of parasiticein production by the black shank isolates might be a factor involved in their 

specific pathogenicity to tobacco.

A glycoprotein elicitor o f phytoalexin accumulation in leaves of Phaseolus vulgaris 

produced well before lysis in the medium of cultures o f Colletotrichum lindemuthianum 

was purified to homogeneity by Coleman et al., (1992). The glycoprotein was a monomer 

of M.W.28k Da with a pi o f 4.25. The glycosyl side chains which accounted for 43% of 

the weight o f the holoprotein, were composed principally o f galactose, mannose and 

rhamnose exhibited a minimum degree of polymerization o f eight and were apparently O- 

linked to abundant serine and / or threonine residues o f the peptide backbone. In a 

P. vulgaris leaf infection bioassay the purified glycoprotein had activity easily detectable 

at nanomolar concentrations and inducing browning of the treated tissue and the 

accumulation of both phenylalanine ammonia-lyase and the isofiavanoid phytoalexins 

phaseollinisofiavin. For these three linked defence responses, sub optimal concentrations 

of the glycoprotein induced respectively 4.2,7.6 and 9.7 fold more activity in the cultivar 

resistant to race delta ( cv. Kievit) than in a cultivar susceptible to that race (cv. Pinto). 

Protein integrity was not required for elicitor activity and glycosyl side-chains isolated 

from the protein were shown to be active elicitor. The effects o f an elicitor (CG-elicitor) 

from Colletotrichum graminicola was studied by Ransom et al., (1992). Roots of 

sorghum (Sorghum bicolor) accumulated 3-deoxyanthocyanidin phytoalexins in response 

to CO elicitor. Elicitation of the phytoalexins prior to treatment with the elicitor did not 

prevent infection and development o f milo disease symptoms in susceptible seedlings 

inoculated with conidia of Periconia circinata. However, treatment of roots with the CO
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elicitor enhanced the synthesis of 16k Da proteins in both resistant and susceptible 

genotypes without expression of disease symptoms.

Effects o f the elicitor and the suppressor from a pea pathogen, Mycospharella 

pinodes, on polyphosphoinositide metabolism in pea plasma membranes were examined 

in vitro by Toyoda et al., (1992). Lipid phosphorylation in the isolated pea plasma 

membrane was drastically stimulated by the elicitor, but markedly inhibited by the 

suppressor. A similar inhibitory effect was observed by the treatment with orthovanadate 

or K-252a that blocked pisatin production induced by the elicitor. Neomycin, an 

aminoglycoside antibiotic that interacts with the polyphosphoinositide metabolism, also 

affected the lipid phosphorylation in vitro and blocked the elicitor induced accumulation 

of pisatin in vivo. Rapid changes of poly phosphoinositide metobolism in pea plasma 

membranes in one o f indispensable process during the elicitation of defence responses. 

Cell walls of germ tubes from wheat stem rust (Puccinia graminis f  sp. tritici) contain a 

glycoprotein with a molecular mass of about 67 KD referred to as the Pgt elicitor. This 

glycoprotein induces a hypersensitive-like response in wheat leaves. In elicitor active 

intercellular washing fluid (IWF) from compatible wheat stem rust interactions, several 

elicitor-active glycoproteins were detected by Beissmarm et a l, (1992). One of these 

glycoproteins had an electrophoretic mobility identical to the Pgt elicitor. This IWF 

glycoprotein exhibited elicitor activity upon elution from SDS gek. It was recognised by 

anti Pgt elicitor antiserum suggesting partial structural identity between Pgt and IWF 

elicitors. As with Pgt elicitors, the elicitor activity of the IWF glycoprotein residues in the 

carbohydrate moiety because periodate, but not trypsin or pronase destroyed activity. 

These results suggest that the Pgt elicitor is released from hyphal cell walls into the wheat 

apoplast during stem rust infection.

The elicitor induced incorporation o f phenylpropanoid derivatives into the cell wall 

and the secretion of soluble coumarin derivatives (phytoalexins) by parsley {Petroselinum 

crispum L.) suspension cultures can be potentiated by pretreatment of the cultures with 2, 

6-di chloroisonicotinic acid or derivatives o f salicylic acid. The cell walls and an extra 

cellular soluble polymer were isolated by Kauss et al., (1993) from control cells or cells 

treated with an elicitor from Phytophthora megasperma f  sp. glycinea. After alkaline 

hydrolysis, both fractions from elicited cells showed a greatly increased content of 4- 

coumaric, ferulic, and 4- hydorxybenzoic acid, as well as 4-hydroxybenzaldehyde and
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vanillin. Two minor peaks were identified as tyrosol and methoxy tyrosoi. The 

pretreatment effect is most pronounced at a low elicitor concentration. Its specificity was 

elaborate for coumarin secretion. When the parsley suspension cultures were 

preincubated for 1 day, with 2, 6-dichloroisonicotinic, 4-or 5- chlorosalicylic, or 3, 5- 

dichlorosalicylic acid, the cells exhibited greatly increased elicitor response. Pretreatment 

with isonicotinic, salicylic, acetylsalicylic, or 2, 6-dihydroxybenzoic acid was less 

efficient in enhancing the response, and some other isomers were inactive This increase 

in elicitor response was also observed for the above mentioned monomeric phenohcs, 

which were liberated from cell walls upon alkalme hydrolysis and for “lignin-like” cell 

wall polymers determined by the thioglycolic acid method. It was shown for 5- 

chlorosalicylic acid that conditioning most likely improves the signal transduction 

leadmg to the activation of genes encoding phenylalanine ammonia lyase and 4- 

coumarate: coenzyme A ligase. The conditioning thus sensitizes the parsley suspension 

cells to respond lower elicitor concentration. If a similar mechanism were to apply to 

whole plants treated with 2, 6-dichloroisonicotinic acid, a known inducer of systemic 

acquired resistance, one can hypothesize that fungal pathogens might be recognised more 

readily and effectively.

The elicitor molecules that function in vivo for phytoalexin elicitation in soybean 

(Glycine max) infected with Phytophthora megasperma f. sp. glycinea have been 

identified as B-1, 6-and B-1, 3-linked glucans that are released from fungal cell walls by 

B-1, 3- endoglucanase (EC. 3. 2.1.39) contained in host tissue. Yoshikawa and Sugimoto 

(1993) identified the putative receptor like target sites for glucanase-released elicitor in 

soybean membranes. The binding was dependent on the pH of the incubation chamber, as 

well as on the duration and temperature o f the incubation. The bmding of the glucanase 

released ehcitor to membranes was abolished by both heat and proteolytic enzymes. 

Therefore, the binding site was probably composed of proteinaceous molecules.

Resistance or virulence are modelled by multiple biochemical components of two 

living organisms. Costus speciosus a major sapogenin bearing medicinal plant was 

severely affected by Drechslera rostrata causmg leaf blight disease. An interesting 

interaction phenomenon was noticed by Kumar et al., (1995). The HPLC analysis 

indicated the accumulation of glyceollin II and III as potent phytoalexins by C. speciosus 

in response of nonpathogenic D. longirostrata. Further the presence of a polysaccharide
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elicitor, or mycelial wall component seems to be detrimental cause of phytoalexin 

accumulation. The same elicitor was also present in mycelial wall of pathogenic D. 

rostrata but in much lower concentration. Additionally it was associated with another 

polysaccharide component with different identity. The bioassay method of elicitor 

preparation was expressed in terms of antimicrobial activity mediated through 

glyceollins. It was determined to be 88.6% in incompatible which was considerably low 

(13.7%) in pathogenic reaction. During the pathogenesis of D. rostrata the susceptibility 

was not only exercised with low concentration of elicitor but also being mediated with 

the association of additional carbohydrate component of mycelial wall hence expressing 

the involvement of multiple biochemical components to regulate susceptibility.

The nonspecific elicitors (which include proteins, glycoproteins, various types of 

oligosaccharides, and unsaturated fatty acids) are more difficult to assign a role in the 

induction of phytoalexin production by pathogens ( Hahn, 1996). A race specific elicitor 

has been isolated from Uromyces vigna. This elicitor can induce phytoalexin production 

in cowpea resistant to this race of the pathogen based on hypersensitive response (HR)- 

like symptoms induced by treatment of resistant cowpea leaves with the elicitor ( D’Silva 

and Heath, 1997 ). The presence of phenolic acids in cell walls- esterified p-coumaric 

acid and ferulic acids bound to cell wall polysaccharides are widespread in gramineae. 

Cell wall bound phenolics in resistance to rice blast disease was demonstrated by Kumar 

et.al (1997). The relative roles of glyceoUin, lignin and the hypersensitive response (HR) 

in pathogen contaiimient and restriction were investigated in soybean cultivars that were 

inoculated with Phytophthora sojae. Incompatible interactions in leaves and hypocotyls 

were characterized by HR, phenolic and lignin deposition and glyceollin accumulation. 

The uncoupling of glyceollin synthesis from the HR and phenolic and Ugnin deposition 

by ABA treatment showed that glyceollin is a major factor in restriction of the pathogen 

during these interactions ( Mohr and Cahill, 2001 ).

Several comphrensive reviews pertaining to elicitors of phytoalexins have also 

been published (Albersheim and Anderson-Prouty, 1975; Callow, 1977; Keen and 

Bruegger, 1977; Purkayastha, 1986; Yoshikawa et al., 1993; Smith et aL, 1995; 

Yoshikawa 1995; Paxton, 1995; Hahn, 1996;_Hammerschmidt, 1999; Grayer and 

Kokubun, 2001).



21

Serological cross reactivity between host and parasite
One of the most difficult and intriguing aspects in the study of biology is an 

understanding of the significant events of the interaction between plants and micro

organism at the cellular and subcellular level. The success or failure of infection is 

determined by dynamic competition and the final outcome is determined by the sum of 

favourable and unfavourable conditions for both pathogen and host cells. It is generally 

accepted that the cells recognize one another through pairs of complimentary structures 

on their surfaces. There is evidence that host-parasite compatibility is related to their 

antigenic similarly (Devay and Adler, 1976). The presence of cross-reactive antigens 

(CRA) between plant hosts and their parasites and the concept that these antigens might 

be involved in determining the degree of compatibility in such interactions have been 

demonstrated by several authors ( Chakraborty, 1988; Purkayastha, 1994). Besides, 

recent trends in detection of plant pathogens include the development of more rapid 

diagnostic techniques with high specificity for the target organism. These techniques can 

be used to detect fungi, bacteria, and viruses present in low amoimts in and on plant 

tissue and, therefore, in many cases the pathogen can be detected at an earlier stage of 

disease development than was previously possible. Some of these rapid, sensitive 

techniques are enzyme linked immunosorbent assay (ELISA), immunofluorescence (IF) 

and the polymerase chain reaction (PCR). Although most plant pathogenic fimgi can be 

detected by microscopy or other conventional means, serological techniques have 

advantage where (a) the fungus in question is not readily identified by morphological 

characteristics, (b) species identification is important and difficult by conventional 

means, (c) detection of root pathogens prior to development of foliar symptoms is 

necessary, (d) large numbers of samples must be processed for a particular disease for 

which conventional methods are time-consuming, (e) rapid, on-site detection is necessary 

for making disease management decisions for high-value crops, (f) regulations governing 

the use of pesticides require demonstration of the presence of a particular pathogen,

(g) the fungus causes disease at low, difficult-to-detect populations in plant tissue, or

(h) plant material is subject to quarantine regulation.
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Immunological techniques used for detection of fimgal pathogens in soil, water and 

plant tissues and immunoassays for disease diagnosis have been reviewed by Hansen and 

Wick (1993) and Werres and Steffens (1994).

Root antigen jfrom four cotton varieties and isolates of Fusarium and Verticillium 

species exhibited common antigen relationship in immunodiffusion test. Five to eight 

precipitin bands were observed in the homologous reaction, of these only one or two 

bands were common in heterologous reactions. The common antigenic determinant 

shared by cotton and fungal isolates did not appear to be related to the severity of wilt 

symptoms, but it may have affected host-pathogen compatibility during the process of 

root infection (Charudattan and DeVay,1972). Using fluorescein isothiocyanate (FITC), 

DeVay et al., (1981) demonstrated indirect immunofluorescence in cross-sections of 

cotton roots. CRA was concentrated mainly on epidermal cells, cortical tissue, 

endodermis and around xylem elements. Treatment o f conidia and mycelia o f Fusarium 

oxysporum with antiserum of cotton followed by labelling with FITC indicated that CRA 

was mainly present in hyphal tips and in patch-like areas on conidia.

Rabbit antisera were raised against the antigens of Macrophomina phaseoUna 

(isolate MPI) and roots of soybean cultivars viz. Soymax and UPSM-19, susceptible and 

resistant to charcoal rot disease respectively. These antisera were used in 

immunodiffusion and unmuno-electrophoretic tests for the presence of common antigens 

between isolates of Mphaseolina and soybean cultivars. Four antigenic substances were 

found common between the susceptible soybean cultivars and isolates of M  phaseolina 

but no common antigens were detected between resistant cultivars and the fungus 

(Chakraborty and Pxirkayastha, 1983). CRA were also detected between Phytophthora 

infestans and potato cultivars (King Edward and Pentland D ell) using ELISA ( Alba and 

Devay, 1985).

Immunodiffusion, immuno-electrophoretic and crossed immunoelectrophoretic 

analysis of rice antigens using polyclonal antisera raised against Acrocylindrium oryzae 

was done by Purkayastha and Ghoshal (1985). When the antigen preparation o f A. oryzae 

was cross-reacted with its own antiserum or against the antisera o f four susceptible rice
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cultivars, one precipitin band was detected. However, no precipitin band was detected 

when antiserum of the resistant cultivar was cross reacted with antigen preparations of 

three isolates o f^  oiyzae. Purkayastha and Ghoshal (1987) also compared the antigenic 

preparations from two isolates of Macrophomina phaseolina (causal agent of root rot of 

groundnut), four non-pathogens of groundnut (viz. Corticium sasakii, Colletotrichum 

lindemuthianum, C corchori and Botrytis alii), and five cultivars of groundnut using 

immunodiffusion, Immunoelectrophoresis and crossed immunoelectrophoresis in order to 

detect CRA. Common antigens were found among the susceptible cultivars of groundnut 

and two isolates of M.phaseolina but not between nonpathogenic and groundnut 

cultivars. No antigenic similarity was found between nonpathogenic and M  phaseolina 

isolates.

Changes in the antigenic patterns after induction of resistance by sodium azide in 

susceptible soybean cultivar (Soymax) to Macrophomina phaseolina, was demonstrated 

by Chakraborty and Purkayastha (1987). Similar results were also obtained by Ghosh and 

Purkayastha (1987) in susceptible rice cultivar (Jaya) and Sarocladium oryzae after 

altering disease reaction by the application of gibberellic acid and sodium azide. 

Purkayastha and Banerjee (1990) used six antibiotics as foliar spray on a susceptible 

soybean cultivar (Soymax) to induce resistance against anthracnose. In addition, common 

antigenic relationship between seven soybean cultivars, their pathogens and non

pathogen were also studied using immunodiffusion, immunoelectrophoresis and indirect 

ELISA technique. Among the six antibiotics tested, cloxacillin and penicillin induced 

maximum resistance against anthracnose, and altered the antigenic pattern of treated 

leaves. They detected CRA between susceptible soybean cultivars and the virulent strain 

of Colletotrichum dematium var truncata but no CRA were detected between soybean 

cultivars and avirulent pathogen (C dematium) or non-pathogen (C .corchori)

Rabbit antisera were raised against three strains of Myrothecium roridum (M-1, 

ITCC 1143, ITCC-1409) two susceptible cultivars (DS-74-24-2 and PK-327) and one 

resistant cultivars (UPSM-19) of soybean for analysis o f CRA shared between host and 

parasite. Results o f immunodiffusion revealed that common antigens were present only 

between the virulent strain and susceptible host- cultivars. But no CRA was detceted in 

case of resistant cultivars (UPSM-19 and DS-73-16). Immunoelectrophoretic analysis
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showed that one common antigen was shared by susceptible hosts and the virulent strains 

(Ghosh and Purkayastha, 1990).

Serological relationship between Sclerotium rolfsii and groundnut cultivars were 

studied by Purkayastha and Pradhan (1994). Among three strams of 5. rolfsii (266, 23, 

M) 266 was most virulent and exhibited antigenic relationship with susceptible cultivars 

(Gangapuri, J-11 and AK-12-24) o f groundunt. The strain 23 also exhibited common 

antigenic relationship with' CV AK-12-24. Resistant cultivar JL-24 and ICGS-26, 

however, showed no antigenic relationship with fungal strains. A systemic fimgicide 

kitazin EC 48% (500ug/ml) altered the antigenic pattern of roots of a susceptible cultivar 

AK-12-24 and also reduced disease markedly.

CRA among susceptible tea varieties (TV-17 & 18) and isolates of Bipolaris 

carbomm  (BC-1, 2, 3, and 4) were detected by Chakraborty and Saha (1994). Such 

antigens were not detected between isolates of B. carbonum and resistant varieties (TV- 

16, 25 and 26), non pathogens and tea varieties, as well as non-pathogens and isolates of

B. carbonum. Indirect staining of antibodies using fluorescein isothiocyanate (FITC) 

indicated that in cross sections of tea leaves (TV-18), the CRA were concentrated mainly 

around epidermal cells. Treatment of mycelia and conidia of B. carbonum with antisera 

to leaves of (TV-18) and indirect staining with FITC indicated the presence of CRA in 

the yoimg growing hyphal tips and conidia.

Polyclonal antisera were also raised against mycelial suspension of P theae (isolate- 

pt-2) causal agent o f grey blight disease and leaf antigens o f Teen-Ali-17/1/54 and CP-1 

and immunological tests were performed in order to detect CRA shared by the host and 

parasite. CRA were found among the susceptible varieties and isolates of P. theae (pt-1, 2 

and 3). Such antigens were not detected between isolates of P theae and resistant 

varieties, B tetramera and tea varieties or isolates of P theae. Indirect staining of 

antibodies using FITC also indicated the presence o f CRA in the epidermal cells and 

mesophyll tissue of tea leaves. CRA was evident in the young hyphal tips o f the mycelia 

and on the setulae and appendages of the conidia of P. theae (Chakraborty et, al.l995).

Another serological experiment was performed by Chakraborty et. a l, (1996) by 

raising polyclonal antisera against leaf antigens to tea varieties (TV-18, Teen Ali 17/1/54 

and CP-1) and myceU^J antigens of G. cingulata (isolate GC>1) separately in white 

rabbits. CRA were anpng suspepti|)le varieties and G. cingulata isolates. Such



25

antigens were not detected between G cingulata and resistant varieties of tea, non 

pathogens and tea varieties as well as G cingulata and non-pathogens. In cross section of 

tea leaves (TV-18), the CRA was found to be concentrated in epidermal cells, mesophyll

tissue and vascular elements.

Cross reactive antigens shared by Fusarium oxysporum and Glycine max were also 

detected using indirect immunofluorescence test by Chakraborty et al., (1997). For this, 

polyclonal antisera were raised against the mycelial suspension of F. oxysporum and root 

antigen of the susceptible soybean cultivar (UPSM-19). The immvmoglobulin (IgG) 

fraction of those antisera were purified by ammonium sulfate precipitation and DEAE- 

Sephadex column chromatography. Antigens o f susceptible cultivars showed higher 

absorbance values than resistant cultivars when tested against the purified anti F. 

oxysporum antiserum. Indirect fluorescence tests using FITC indicated that in cross- 

sections of roots o f susceptible cultivars (UPSM-19) CRA were concentrated around 

xylem elements, endodermis and epidermal cells while in resistant varieties fluorescence 

was concentrated around epidermal cells.

Immunodetection of teliospores of Telletia indica, causal agent o f Karnal bunt(KB) 

of wheat using fluorescent staining test were done by Gupta et. al (2000). Polyclonal 

antibodies were raised against teliospores in Newzealand white rabbits. The indirect 

immunofluorescence (IIF) test was developed using anti-teliospores serum and binding 

was monitored by goat-rabbit antibody conjugated to FITC. The standarization of IIF test 

was carried out by optimization of dilutions of anti-teliospores antibodies, fluorescent 

probe and exposure time. The teliospores of T. indica showed bright green, patchy and 

ring shaped fluorescence around the teliospore. The spore exhibited uniform distribution 

in discrete regions of spore pobably in spore episporium. Similar fluorescence pattern in 

the teliospores of KB isolated from infected wheat seeds of cultivars HD 23328,UP 2338, 

PBW 393, WH 542, as well as RR 21 (susceptible cultivars) respectively, is an indication 

of the presence of similar antigenic configuration of teliospores. Again, they did not 

exhibit varition in the expression of teliospore associated molecular pattern duing 

previous and subsequent years o f infection.

Polyclonal antiserum raised against T. indica also reacted strongly in agglutination 

reaction with intact teliospores of pantnagar isolate. The wheat grains with different 

grades of infection could be readily detected by Seed Immunoblot Binding Assay
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(SIBA). The teliospores of Karnal bunt me\fected wheat seeds when kept for vigour 

testing on nitrocellulose paper, formed a coloured imprint after the paper was assayed. 

The SIBA developed should not only be a better indication of teliospores load on seed 

but also quality of seed in terms of vigour. The developed immuno detection method 

appearantly proves to be use&l in routine monitoring of wheat lots for the presence of 

Karnal bunt pathogen (Kumar et.al., 2000)

Enzyme linked immunosorbent assay using PAb raised against Colletotrichum 

falcatum was performed in order to detect pathogen well before the symptom 

development. When 20 different sugarcane varieties were subjected to ELISA test after 

pathogen inoculation, it showed a clear variation in disease resistance among them as in 

field testing. ( Viswanathan et.a l, 2000).

Immunological detection of Sphaerostilbe repens, Trichoderma viride and 

Trichoderma harzianum using DAC-ELISA formats have been demonstrated by 

Chakraborty et.al ( 2000) in order to develop strategies for management of violet root 

rot of tea. Polyclonal antibody based immunoassay for detecting Fomes lamaoensis , 

causing brown root rot disease o f tea has also been developed ( Chakraborty et.al 2001a). 

Eight blood samples were collected and IgG were purified using DEAE cellulose. 

Immunodiffusion tests were performed in order to check the effectiveness o f mycelal 

antigen preparations o f F. lamaoensis for raising PAbs. Optimization of PAbs were done 

using indirct ELISA. Increased activity o f PAbs against F.lamaoensis could be noticed 

from second bleedings, which continued upto fourth bledding. Root antigens prepared 

from healthy and artificially inoculated (with F.lamaoensis ) tea paints ( Teen Ali -  

17/1/54, TV-18, TV-22, TV-26, TV-27, TV-28, TV-30, S-449, BSS-2 ) were analysed 

following DAC-ELISA format. Such format was also used to detect the pathogen in 

infested soil. Young mycelia of F.lamaoensis gave bright fluorescence in indirect 

immunofluorescence tests using PAbs and FITC-conjugates of goat specific for rabbit 

globulin. Such immvmological assays developed for detection of F.lamaoensis in 

rhizosphere of tea plantation can enable disease prevention at an early stage.

Immunodiagnostic kits were developed for detection of Ustulina zonata, causing 

charcoal stump rot disease, in the soil and tea root tissues . PAbs were raised separately 

against mycelial and cell wall antigens prepared from 10-day-old culture of U.zonata. 

Optimization of PAbs were done using indirect ELISA. Two different ELISA formats
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such as direct antigen coated (DAC) and double antibody sandwich (DAS) were tested to 

detect the pathogen in soil and artificially inoculated tea root tissues. Indirect 

immunofluorescence using PAbs and FITC-conjugates of goat specific for rabbit globulin 

were assessed for their potential to detect mycelia and spores in soil ( Chakraborty et. al, 

2001b)

Serological cross reactivity between Glomerella cingulata and Camellia sinensis 

were studied by Chakraborty et.al (2002 b). PAbs were raised against antigen 

preparations from mycelia and cell wall of G.cingulata (isolate Gc-1), causal agent of 

brown blight of tea, mycelia of Fusarium oxysporum (non pathogen of tea ) and leaf 

antigens of TV-18 and CP-1. CRA were found among the susceptible varieties of tea and 

isolates of G.cingulata (Gc-1,2 and 3). Such antigens were not detected between resistant 

varieties of tea and isolates of G.cingulata (Gc-1,2 and 3); non-pathogen (F.oxysporum) 

and tea varieties; isolates of G.cingulata and F.oxysporum and between non-host 

{Glycine max, Cicer arietinum and Camellia japonicum ) and G.cingulata. Antisera 

raised against cell wall preparations gave better recognition than that against mycelial 

preparations as observed in ELISA test with antigens of tea leaves o f different ages.



MA'lMiRIM.S AND M i m i O D S



3.1 Plant material
3.1.1 Selection

Thirtyseven tea varieties (Tocklai, UPASI and Darjeeling) released by three 

experimental stations viz. ( i) Tocklai experimental station, Jorhat, Assam ; (ii) UPASI 

Tea Research Centre, Valparai, Tamilnadu, and (iii) Darjeeling Tea Research Centre, 

Kurseong, Darjeeling are being maintained in Tea Germplasm Bank, Department of 

Botany, University o f North Bengal sponsored by the Department of Biotechnology, 

Ministry of Science & Technology, Govt, of India. Based on the growing suitability of 

tea plants (Camellia sinensis (L) 0  Kuntze) as observed under the field conditions over 

the years by the Research Scientists of Immuno-Phytopathology Laboratory, the 

following 15 varieties were selected for the present study.

Source Tea varieties Origin

TV-9 B

TV-18 C

TV-20 C

TV-22 C

TV-23 C

TV-25 C

TV-26 C

TV-29 A

Teen Ali-17/1/54 D

UP-2 A

UP-3 A

UP-9 B

UP-26 C

BSS-2 A
BSS-3 B

Tocklai Experimental Station, 

Jorhat, Assam

UPASI, Valparai, Tamil Nadu

A- Assam, B- China, C- Cambod, D- Assam x China; BSS -  Biclonal seed stock
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3.1.2. Growth and maintenance

The selected tea varieties were propagated by cutting as recommendation made 

by Bezbaruah and Smgh (1988). Sandy soil ( sand 75% and soil 25%) with pH ranging 

from 4.5-4.8 was used for propagation of tea paints by cutting. Soil pH was adjusted by 

treating with 2% aluminium sulphate. Excess aluminium suplhate was removed by 

watering. Polythene sleeves (8”X6”) were filled up with prepared soil and and stacked in 

rows in a bed and watered thoroughly. All the cuttings were allowed for rootng in sleeves 

after dipping them in hormone. These cuttings were kept in a polythene cloche, arranged 

in two rows, with 10 beds in each row. The complete set up was kept under a green Agro- 

net House. Each bed was watered regularly, initially by sprayer and later on with pipe. 

After about ninety days i.e. when all the cuttings had rooted and new shoots had come, 

the polythene cloche was removed gradually. The young tea plants ( Plate 2 A ) were 

maintained using nutrients (2% NPK:- 2:1:2 and 2% urea) and Tricontanol as foliar spray 

at an interval o f 3 months. The tea sleeves (6-month-old) were then transferred to pots 

and maintained in the glass house. Besides plants were also transferred to the 

Phytopathological Experimental Garden (Plate 2,B-F ) of the Botany Department, North 

Bengal University. Three months prior to inoculation the main stem and side shoots were 

trimmed in order to obtain new shoots. The plants were grown under natural condition of 

day hight and temperature and watered on alternate days with ordinary tapwater by 

sprinklers ( Plate 2 G ).

3.2 Fungal culture
3.2.1. Source

A virulent strain Corticium theae Bernard (Ct-1) was obtained from Tocklai 

Experimental station, Jorhat, Assam. Another strain (Ct-2) o f C. theae was also isolated 

from naturally infected (black rot) tea leaves from Kailash Pur Tea Eastate, Jalpaiguri. 

These two strains of C.theae (Plate 3,C&D) were used after completion of Koch’s 

postulate.The black rot disease are generally observed between May to July. Infected tea 

leaves were collected from Kailash Pur Tea Estate in the month of July in polythene 

packets, properly sealed and brought to the laboratory. Glomerella cingulata (Stoneman) 

Spauld and Schrenk was obtained from culture collection of Immuno-Phytopathology 

Laboratory, Department of Botany, University of North Bengl. A non-pathogen of tea



30

Fusarium oxysporum Schlecht was collected from Division of Mycology and Plant 

Pathology, Indian Agricultural Research Institute, New Delhi.

3.2.2. Completion of Koch’s postulate

Fresh, young tea leaves (TV-9) were collected from Phytopathological 

Experimental garden and inoculated with the inoculum (grown on PDA petriplates) of

C. theae following detached leaf inoculation technique. After 72 hr. of inoculation, 

infected leaves were, washed thoroughly, cut into small pieces, disinfected with 0.1% 
HgCl^ for 2-3 minutes, washed serveral times with sterile distilled water and transferred

aseptically into Potato-De)ctrose-Agar (PDA) slants, and incubated at 28+PC. After 7 

days of incubation the isolated fiingal culture was examined, compared with the stock 

culture and identification was confirmed as Corticium theae.

3.2.3. Maintenance of Stock culture

The ftingus thus obtained was subcultured on PDA slants, incubated at 28°C for 2 

weeks and finally the culture was stored at 5“C and 28“C. Either detached leaf or cut 

shoot inoculation with C theae and subsequent reisolation of the pathogen was done at 

some interval in order to maintain its virulence. These were kept at above conditions for 

experimental use.

3.2.4. Assessment of mycelial growth

To assess mycelial growth of C theae, the fimgus was grown in Petri dishes 

(9 cm.dia), each containing 20 ml of PDA medium and mcubated for 7 days at 28+PC. 

From the mycelial mat, agar block (4 mm.dia) containing the mycelia was cut with a 

sterilized cork borer and transferred to each Ehrlenmayer flask (250 ml) containing 50 ml 

of sterilized Potota Dextrose Broth for two weeks at 28 +.PC. Finally the mycelia were 

stramed through muslin cloth, collected in aluminium foil cup of known weight, dried at 

60°C for 96 h, cooled in a desicator and weighed.

3.3. Inoculation technique
3.3.1. Detached leaf

The method as described by Dickens and Cook (1989) was used for artificial 

moculation of tea leaves. Fully expanded young tea leaves were detached from plants and
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Plate 2 (Figi. A*€i): Tea plants in the nursery and field. (A) Nursefy grown tea saplings; 
(B-F) Tea Gemiplasm Bank; (C-F) UPASI varieties in the fkid; (G) Tea plantation in North 
Bengal University.
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placed in aluminium trays (37. 5cm x 30cm.) lined with moist blotting paper. Their upper 

surfaces were wounded as suggested by Cook (1989). The wounds consisted of light 

scratches on the upper epidermis made with the point of a fine sterilized scalpel. On 

either side of the midrib, two to four such wounds were made in each leaf which were 

immediately inoculated with the inoculum block (made by sterile cork borer) of C. theae. 

Fifty leaves were inoculated in each treatment. In control sets wounds were made on the 

leaves as described and droplets of sterile distilled water was placed. Each tray was 

covered with a glass lid and sealed with petroleum jelly to minimize the drying of drops 

during incubation.

3.3.2. Cut Shoot

Cut shoot inoculation technique was followed as described by Yanase and Takeda 

(1987). Twigs with three to four leaves o f tea plants grown in the experimental garden 

were cut carefully with a sharp blade and immediately introduced into the glass 

aquarium, with the twigs dipped in a floating thermacol. Leaves were inoculated by 

making two light scratches with the point of a fine scalpel on the upper surfaces of 

leaves as described by Cooks (1989). Inoculum blocks (2 mm. dia) of C. theae were 

taken from the petriplates aseptically and placed on the inoculation site and then covered 

with absorbent cotton wool moistenced with sterile distilled water. Sterile PDA blocks 

were used as control. For each treatment 50 cut shoots were inoculated.

3.4. Disease assessment
3.4.1. Detached leaf

Assessment of inoculation infectivity and symptom development were done on the 

basis of percent inoculum blocks that resulted in lesion production after 48,72 and 96 h.of 

inoculation as described by Chakraborty and Saha (1994a).

3.4.2. Cut Shoot

At the onset, the number o f lesions that developed on the artificially inoculated tea 

twigs by mycelial blocks o f C  theae were counted. Diameter of the individual lesions 

were measured and they were graded into four groups and a value was assigned to each 

group viz., 0.1, 0.25, 0.5 and 1.0, respectively for small restricted lesion diameter of 2-4
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mm, 4-6 mm with sharply defined m^gin, lesions with slow spread beyond 6 mm, and 

spreading lesions of variable in size, with diffused margin. Finally number of lesions in 

each group was multiplied by the value assigned to it and the sum total of such values 

were noted and disease index was computed as the mean of observations on 50 cut 

shoots per treatment. Data were taken after 48, 72 and 96 h of inoculation.

3.5. Meteriological data
Monthly record of meteriological data for a period of three years ( 1999-2001 ) were 

obtained from Nagrakata Tea Research Station, Jalpaiguri. Meteriological data included 

maximum and minimum temperature, relative humidity and average rainfall.

3.6 Extraction of phenolics
Total phenol and orthodihydroxy phenol content of healthy and C. theae 

inoculated tea leaves o f resistant and susceptible varieties were extracted following the 

method of Mahadevan and Sridhar (1982). Detached leaf inoculation technique as 

described earlier was followed. In case o f control, sterile distilled water was mounted on 

the adaxial surface of leaves. Phenols were extracted from 1 gm each of healthy and 

inoculated leaves separately in boiling 80% ethanols (4 ml ethanols/g fresh weight leaf 

tissue) for 10 min, cooled, and crushed thoroughly passed through two layers of cheese 

cloth and then filtered though filter paper. Final volume was adjusted with 80% ethanol 

(5ml/g fresh weight of leaves).

3.7. Estimation of phenol content
3.7.1 Total phenol

The total phenol was estimated by Folin ciocalteau’s reagent as described by 

Farkas and Kir (1962). One ml o f the alcohol extract was taken in a test tube, 1 ml of 
Folin ciocalteau’s reagent followed by 2 ml of 20% Na^COj solution was added. The tube

was shaken and heated on a boiling water bath for 1 min, and volume was raised to 25ml. 

Absorbance was measured in a Systronics photoelectric colorimeter Model-101 at 515 

nm. Quantity of total phenol was estimated using caffeic acid as standard.
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3.7.2. Orthodihydroxy phenol

The orthodihydroxy phenol was estimated as described by Maliadevan (1966). One 

ml of the alcohol extract was taken in a test tube 2 ml o f 0.05 N Hcl, 1 ml of Arnow’s 
reagent (NaNOj-lOg ; Na^ MoO^-lOg ; Distilled water 100 ml) and 2 ml of 1 N NaOH

were added, following which the volume was raised to 25 ml. Absorbance was recorded 

by a systronics Photo electric colorimeter model-101 at 515 nm. Quantity of 

orthodihydroxy phenol was estimated using caffeic acid as standard.

3.8 Extraction of enzymes
Two enzymes- phenyl alanine ammonia lyase and peroxidase- involved in phenol 

metabolism were extracted from tea leaves to determine their activities.

3.8.1. Phenyl alanine ammonia lyase (PAL)

For extraction of PAL, method of Chakraborty et al (1993) was followed. Leaves 

(Igm each) were crushed in a mortar in 5ml of 0.1 M sodium borate buffer (pH8..8) 

containing 2m M P-mercaptoethanol in ice. The slurry was centrifuged at 15,000 rpm for 

20 min at 4“C. The supernatant was collected & its fmal volume was measured and used 

immediately for assay or stored at -20“C.

3.8.2. Peroxidase (PO)

To extract PO, method of Chakraborty et al. (1993) was followed. Tea leaves 

samples were crushed with 0.1 M sodium borate buffer (pH 8.8) contaming 2m M 

p - mercaptoethanol in mortar in ice. The homogenate was centrifiiged at 15,000 rpm for 

20 min at 40C. The supernatant was collected & its volume recorded and used for assay or 

stored at -20°C.

3.9 Assay of enzyme activities
3.9.L Phenylalanine ammonia lyase (PAL)

PAL activity in the supernatant was determined by measuring the production of 

cinnamic acid from L-phenyl alanine spectrophotometrically. The reaction mixture 

contained 0.3 ml, of 300 jxM sodium borate (pH 8.8); 0.3 ml o f 30 (iM L- phenyl alanine 

and 0.5 ml o f supernatant in a total volume of 3ml. Following incubation for Ih. at 40^C
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the absorbance at 290nm was read against a blank without the enzyme in the assay 

mixture. The.enzyme activity was expressed at as |j.g ciimamic acid produced in one 

minute/g fresh wt. of tissue.

3.9.2. Peroxidase (PO)

For PO determination 100 \il of freshly prepared crude enzyme extract was added to 

the reaction mixture, containing 1ml o f 0.2M sodium phosphate buffer (pH 5.4), 100 |il 

of 4 mM hydrogen peroxide, 100^1 of 0-dianisidine (5mg/ml of methonal) and 1.7 ml of 

distilled water. PO activity was assayed spectrophotometrically at 460nm by monitoring 

oxidation of 0-dianisidine in presence of hydrogen peroxide. Specific activity was 

expresed as the increase in absorbance at 460 rmi/g tissue/minute.

3.10. Colllection of leaf diffusates and fungitoxic assay

Leaf diffosate o f resistant and susceptible varieties o f tea were collected following 

the drop diffusate procedure as described by Chakraborty and Saha (1989). Fresh tea 

leaves were detached from plants and placed on moist blotting paper kept in a plastic tray 

(37.5 cm x 30 cm). Their upper surfaces were wounded as described by cook (1989). 

Twenty droplets (2-4 drops per leaf) o f sclerotial suspension prepared from 14 day old 

culture were placed on the adaxial surface of each leaf In case of control, sterile 

distilled water was used. Fifty leaves were taken for each treatment. The tray was covered 

with a glass Ud and sealed with a smear of white petroleum jelly. After 24 h and 48 h. of 

inoculation, drops o f sclerotial suspension and water were collected separately from the 

leaf surfaces and centrifuged. These were passed through sintered glass filter, and fmally 

their biological activities, were assayed following the slide germination procedure as 

described by Rouxel et al., (1989). Usually, 1.9 ml of diffusate was mixed separately with 

0.1ml of known concentration of spore suspension of Glomerella cingulata and sclerotial 

suspension of C. theae respectively. Single drop (0.02 ml/drop) of suspension was placed 

at the centre of a grease-free class slide. The slide was incubated in moist Petri dishes for 

24 h at 25 +_ PC. Finally, spores/sclerotia were stained with cotton blue in lactophenol 

and examined under the microscope. Percentage germination was calculated in each case.
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3.11. Extraction of antifungal compound
Tea leaves were collected from the experimental garden and detached leaf 

inoculation technique was followed for artificial inoculation. In this case half of the total 

number of leaves were inoculated with the sclerotial suspension of C  theae while the 

other half was maintained as control in water. Both healthy and inoculated leaves were 

harvested separately after 24 h and 48 h inoculation, weighed, kept in Erlenmeyer flask 

and vacuum infiltrated with.40% aqueous ethanol (ISml/g fresh mass tissue) following 

the facilitated diffusion technique of keen (1978). The flask, containing the plant tissue 

immersed in the ethanol solution were stoppered and placed in rotary shaker (110 cycles/ 

min at 25'’C). Shaking for 12 h removed most of the extractable antifungal compounds 

from tea leaves, these were separated by filtration and the filtrates were concentrated in 

vacuo to approximately one half volume at 45“C. The concentrated solution was extracted 
three time with ethyl acetate and the organic layers pooled and dehydrated with Mg SO .̂

Ethyl acetate fraction was then concentrated in vacuo to dryness, dissolved in methanol 

(50ml/g) and analyzed by TLC.

3,11.1. Chromatographic analysis

Ethyl acetate fractions of both healthy and C. theae inoculated tea leaves were

analyzed by thin layer chromatography (TLC) on silica gel G. The development of the

chromatograms was carried out at room temperature and using a chloroform: methanol

solvent system (9:1 v/v) as suggested by Chakraborty and Saha (1994 a). Following

evaporation of the solvent, the thin layer plates were observed under UV light and

sprayed separately either with diazotized p-nitroaniline (Van Sumere et al., 1965), 
vanillin-HjSO^ (Stahl, 1967) or Folin-ciocalteau’s phenol reagent (Harbome,

1973).Colour reactions and Rf values were noted.

3.11. 2. Bioassay

3.11.2.1. Radial growth

Radial growth inhibition assay as described by Van Etten (1973) was followed. 

Ethyl-acetate fraction of healthy and C theae inoculated extract (0.2ml) were taken 

separately in each of the sterile Petri dishes (3 cm dia.) and allowed to evaporate. In 

control sets, only ethyl acetate (0.2 ml) was initially taken and allowed to evaporate. 

Subsequently 10 ml sterilized PDA was poured in each Petridishes, thoroughly mixed



37

and allowed to solidify. Agar block (3 mm dia.) was cut with a sterilized cork borer from 

the advancing zone of 7 day old culture of C theae and G.cingulata grown in PDA and 

transferred to each Petri dish. Radial growth of C theae and G.cingulata were compared,

3.11.2.2. Chromatogram inhibition

Ethylacetate fraction of healthy and C  theae inoculated tea leaf extracts, were 

spotted on TLC plates (silical gel G), and the chromatogram inhibition assay as devised 

by Hofinans and Fuchs (1970) was performed using Curvularia lunata as the test 

organism. Spore suspension supplemented with Richard’s medium were sprayed on TLC 

plates and incubated in a sterile humid chamber at 25®C for 72 h. Fungitoxicity was 

ascertained by the presence of inhibition zone(s) which appeared as white spots 

surrounded by a blackish background on mycelia. Diameters of inhibition zone(s) and RF 

values were noted.

3.11.2.3 Spore germination

The regions o f thin layer chromatograms corresponding to the inhibitory zones were 

scrapped and eluted again. The eluants were tested for antifungal activities following 

spore germination test with G. cingulata as described by Werder and Kern (1985).

3.11.2.4. UV- Spectrophotometric analysis

For spectral analysis of antifungal compound extracted from healthy and

C. theae inoculated leaves, initially ethyl-acetate fraction were spotted on TLC plates and 

developed in chloroform-methanol (9:1 v/v) solvent, silica gel from corresponding 

antifxmgal zones as detected in chromatogram inhibition assay as well as in spore 

germination test were scrapped off and eluted separately in methanol. These were 

respotted on TLC plates and developed in the same solvent and again scrapped and eluted 

in spec methanol. The purified eluants were examined by UV-spectrophotometer 

(Shimadzu model 160) and the maximum absorption was determined.
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3.12. Cell wall of Corticium theae
3.12.1. Isolation

Cell wall was isolated from C  theae following the procedure of Keen and 

Legrand (1980). Mycelium of 14 day-old log phase fungus culture was collected on filter 

paper in a Buchner funnel and 50g of fresh packed cells were ground for 1 min in a 

National Super Blender mixer cup (full speed) with water (4ml/g). The resulting sherry 

was then disrupted in homogenizer for 1 min at 5“C. The mixture was centrifuged for 1 

min at 1500 rpm the supernatant fluids discarded, and the sedimented walls washed with 

sterile distilled water (lOml/g) and pelleted by contriflmgation at least six times or until 

the supernatant fluids are visually clear. Finally the isolated cell walls were frozen and 

kept at-20“C.

3.12.2. Preparation of mycelial wall extract

Mycelial wall extract was prepared from the isolated cell wall of C theae following 

the method of Brown and Kimmins (1977). Isolated cell walls (2.0g) were suspended in 

80ml ice-cold 0.1 N NaOH by blending in a chilled mixer-cup at full speed for 30 sec. 

Then the suspension was slowly stirred in an ice bath for 15 h. Following centrifungation 

at 8000 rpm for 10 min the residue was washed with 50 ml ice-cold water and the pooled 

supernatants were carefully neutralized to pH 6.0 with 1 N HCL. The pooled supernatants 

were fmally dialysed against distilled water and concentrated which were then used as 

crude mycelial wall extract (MWE) for SDS-PAGE analysis.

A second extraction method involved suspending 2.0 g of cell walls in 80 ml of 

0.02M Sodium Citrate, pH 7.0 in the National super blender mixer and autoclaving for 

2 h at 15 lbs,, p.s.i. Following centrifugation of walls the supernatant fluids were dialysed 

against distilled water, concentrated and used for bioassay purpose. This mycelial walls 

extract was mbced with an antibiotic gentamycin sulfate (100 mg/ml) in order to avoid 

bacterial growth.

3.12.3.Estimation

3,12.3.1. Carbohydrate

Estimation of carbohydrate in the preparation of mycelial wall extract was done 
following Anthrone method. Initially 1 ml each of 0.3 M Ba (OH)^ and 5%ZnS0^ was

added to 8ml of cell wall extract. The mixture was incubated for 5 to 10 mins and the 

supernatant was taken after centrifugation. This supernatant (0.2ml) was mixed with
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1.8ml of distilled water and finally 6ml of anthrone reagent (200 mg anthrone powder 
dissolved in 100ml of cone. H^SO^) was added, kept for 15 mins in water bath, cooled

and absorbance noted at 620 nm in Systronic Photoelectric colorimeter model 101. Using 

glucose as standard, the carbohydrate content was estimated.

3.12.3.2. Protein

Method of Lowry et al. (1951) was considered for the estimation of soluble proteins. 

To 5ml of Alkaline reagent (0.5ml of 1% CuSO^ and 0.5ml of 2% Potassium Sodium

tartarate dissolved in 50 ml of 2% Na^COj in 0.1 NaOH), 1 ml of protein sample (10‘̂

dilution) was added, shaken and incubated for 20 minutes. After that 0.5ml of Folin- 

ciocalteau’s reagent (dilute with distilled water in the ration 1:1) was added shaken and 

incubated for another 15 min for colour development. Optical density was measured at 

720nm in Systronics Photoelectric colorimeter (Model 101). Using Bovine Serum 

Albumin (BSA) as standard the protein concentration was computed.

3.12.4. Bioassay of mycelial wall extract

Drops (20 îl, 2-4 drops/leaf), each of sterile distilled water, sclerotial suspension of 

C theae, mycelial wall extract (MWE) preparation and MWE mixed with C theae 

sclerotial suspension were placed separately on the adaxial tea leaf surface kept in moist 

trays and incubated for 48 h as described earlier. These drops of four different treatments 

were collected separately, centrifiised and assayed for their biological activities against 

(spore germination) of C theae as described by Rouxel et al., (1989).

3.12.5. Characterization

The method as described by Keen and Legrand (1980) was followed for binding of 

fluorescein labelled concanavalin A to mycelia as well as isolated cell wall o f C theae. 

Initially mycelium or isolated cell walls were incubated for 20 min in 0.85% NaCl in 

O.OIM Potassium phosphate, pH 7.4 containing 1 mg/ml fluorescein isthiocyanate (FITC) 

labelled concanavalin (Con A, SIGMA chemicals) The fimgus or walls were then washed 

thrice with saline solution by repeated low speed centrifugation and re-suspension. For 

control sets these were incubated lectin supplemented with 0.25 m a methylmannoside. 

All preparations were viewed imder Leica photomicroscope equipped with epi- 

fluorescence optics (BP 450-490 exciting filter, RKP 520 Beam splitting mirror, 515
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suppression filter). Photographs were taken by Leica WILD MPS 48 Camera on Konica 

400 ASA film.

3.13. Extraction of total soluble protein
3.13.1. Leaf protein
Soluble proteins were extracted from both healthy and C. theae inoculated tea leaves 

following the method of Alba and De vay (1985) with modification. Detached leaf 

inoculation technique as described earlier was followed, while control sets were prepared 

by mounting the leaves with drops of sterile distilled water. Healthy and C. theae 

inoculated leaves (1 gm each) were crushed separately in a mortar and pestle with 0.05 M 
sodium phosphate buffer (pH 7.2) containing 10 mM Na^S^Oj, 0.5 mM MgCl^, 2 mM

soluble polyvinyl pyrrolidone (PVPP 10,000 M) and 2 mM Poly methyl sulphonyl 

fluoride (PMSF) at 4‘’C with sea sand.The leaf slurry was centrifiiged at 4“C for 20 mins. 

at 10,000 rpm. The supernatant was used as crude protein extract and immediately stored 

at 20®C for further use.

3.13.2. Mycelial protein

Extraction of mycelial protein o f C  theae was done following the method of 

Chakraborty and Purkayastha (1983). C theae was grown in sterilized Potato Dextrose 

Broth (PDB) for 14 days at 284^2. C. Mycelia were collected, washed with 0.2% NaCl 

solution, rewashed with sterile distilled water, strained through cheesecloth and then 

crushed with sea sand and 0.05 M Tris- HCl buffer (pH7.4) using a mortar and pestle at 

4°C. The slurry was centrifuged at 10,000 rpm for 20 min at The supernatant was

used as crude protein extract and stroed at -20°C for further use.

3.14. Estimation of total soluble protein content
Estimation of protein was done following the method of Lowry et al. (1951) as 

described earlier.

3.15. Polyacrylamide gel electrophoresis of soluble protein SDS-PAGE

3.15..1. Preparation of gel solution

For the preparation of the tube gel moulds, the following stock solutions were 

initially prepared as described by Laemmli (1970).
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Stock Solutions:

(A) Acrylamide

Acrylamide . .  30. Og

Bis-acrylamide . .  0 .8g

Distilled water . .  100.0 ml

(filtered and stored at 4®Cin a brown bottle and used within one month)

(B) Lower gel buffer (LGB)

l.S M tris . .  18.18 g

Distilled water . .  100.0ml

pH was adjusted to 8.8 with conc. HCl and stored at 4*C for use. 1.5 M 

Tris buffer was prepared for resolving gel.

(C) Upper gel buffer (UGB)

IM Tris . .  12.12g

Distilled water . .  100.0 ml

pH was adjusted to 6.8 with conc. HCl and stored at 4*C. This bufifer was 

prepared for use in stacking and loading buffer.

(D) Ammonium peroxidisulphate (APS)

Ammonium peroxidisulphate . .  0.1 g

Distilled water . .  1.0 ml

(freshly prepared in each time)

(E) Sodium Dodecyl Sulphate (SDS)

A 10% stock solution o f SDS was prepared in warm water and stored at 

room temperature.

(F) Tris-Glycine electrophoresis buffer

This running buffer consists of 25mM Tris base, 250mM Glycine (pH 8.3) and

1% SDS. A 1 X SDS solution can be made by dissolving 3.02g Trisbase, 18.8g

glycine and 10ml of 10% SDS in IL distilled water.

(G) SDS Loading buffer

This buffer contains 50mM Tris CL (pH 6.8), lOmM Beta Mercaptoethanol, 2% 

SDS, 0.1% bromophenol blue, 10% glycerol. A 1 x solution was made by dissolving
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0.5ml of IM tris buffer (pH6.8), 0.5ml of 14.4M Beta Mercaptoethanol, 2ml of 10% 

SDS, lOmg bromophenol blue, Img glycerol in 6.8ml o f distilled water.

3.15.2 Preparation of Gel

Slab gel was prepared for the analysis of protein patterns by SDS-PAGE ie.,mini 

gel (8cm X 10cm). For slab gel preparation, two glass plates were thoroughly cleaned 

with dehydrated alcohol to remove any traces of grease and then dried. Then 1.5 mm 

thick spacers were placed between the glass plates at the three sides, and the three sides 

o f the plates were sealed with high vacimi grease and clipped thoroughly to prevent any 

leakage of the gel solution during pouring. Resolving and stacking gels were prepared by 

mixing compounds in the following order by pasture pipette leaving sufficient space for 

any unpolymerized acrylamide. Stackmg gel solution was poured over the resolving gel 

and comb was inserted immediately and over layered with water. The gel was kept for 30 

minutes. After polymeization of the stacking gel, the comb was removed and washed 

thoroughly. The gel was then finally mounted in the electrophoresis apparatus. Tris- 

glycine running buffer was added sufficiently in both upper and lower reservoir. Any 

bubble, trapped at the bottom of the gel, was removed very carefully with a bent syringe.

Resolving gel solution was first prepared with acrylamide and lower gel buffer, 

degassed for about 20 min and then TEMED and APS solution was added.

The composition o f the solution for 10% resolving gel was as follows.

Name of the compound Minigel (7.5ml)

1. Distilled water 2.85ml

2. 30% Acrylamide mix 2.55ml
3. 1.5 M Tris (pH 8.8) 1.95ml
4. 10% SDS 0.075mi

5. 10% APS 0.075ml
6. I'EMED 0.003ml

Stacking gel solution was then prepared with acrylamide solution and upper gel 

buffer, degassed for about 20 min, TEMED and APS solution were added to the solution.
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The composition of the 5% stacking gel solution was as follows;

Name of the compound Minigel (7.5ml)

1. Distilled water 2.1ml

2. 30% Acrylamide mix 0.5ml

3. 1.5M Tris(pH 8.8) 0.38ml

4. 10%SDS 0.03ml

5. 10% APS 0.03ml

6. TEMED 0.003ml

3.15.3. Sample preparation

Sample protein (34ul) was prepared in a tube with 1 x SDS gel loading buffer (16ul) 

in clyclomixture. A pinch of bromophenol blue was added to the sample buffer. The 

tubes of different sample proteins thus prepared were then floated in boiling water bath 

for 3 min to denature the protein sample and 25-30 ul of samples were immediately 

loaded in a pre-determined order into the bottom of the wells with a microtiter syringe. 

Along with the samples, protein marker consisting of a mixture of six proteins (Carbonic 

anhydrase, Egg albumin, Bovine albumin, Phosphorylase b, B- galactosidase and Myosin 

of molecular weight 29, 45, 66, 97, 116 and 205 KD) was also taken in a separate tube, 

prepared as above and loaded .

3.15.4. Electrophoresis

For this purpose, tris-glycine electrophoresis buffer was prepared as follows:

0.025 mTris .. 18.15 g

0.19 m Glycine ..  72.0 g

Distilled water . .  5.0 lit

pH was adjusted to 8.3

Sodium dodecyl sulfate (SDS) 5.0 g

Electrophoresis was performed at constant 17mA current until the samples 

penetrated the resolving gel for 3 h in case of minigel, until the dye reaches the bottom of 

the gel column.
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3.15.5. Fixing
The gels were removed from the glass plates and then the sracking gel was 

cut off from the resolving gel and finally fixed in glacial acetic acid : methanol : 

water (10:20/70) for overnight.

3.15.6. Staining
The gels were then stained either with Coomassie brilliant blue (sigma R 250)in 

45ml methanol after the. stain was completely dissolved, 45ml of water and 10ml 

glacial acetic acid were added. The prepared stain was filtered through filter 

Whatman No. 1 filter paper. The gel was removed from fixer and stained in this 

staining solution for 4 hrs. 37®C with constant shaking at a very low speed. After 

staining, the gel was fmally destained in destaming solution containing methanol, 

water and acetic acid (4.5:4.5;1) at 37“C with constant shaking until background 

becomes clear.

3.16 Preparation of Antigen
3.16.1 Mycelial antigen

Mycelial antigen was prepared from the mycelia of C theae grown in liquid 

medium following the method of Chakraborty and Saha (1994).The mycelial content 

was strained through muslin cloth dried and its dry weight taken. The mycelia (5.5g) 

were homogenized in morter and pestle with 0.05M Sodium Phosphate buffer 

supplemented with lOmM Sodium meta bisulphite, 2mM soluble PVPP 10,000 and

0.5mM MgCl 2 (pH 7.2). At the time of crushing insoluble PVPP and sea sand was 

used. The crushing was done in cold. The slurry was centrifiiged at 10,000g for 

30mins at 4®C. The supernatant was used as mycelial antigen and stored at -20°C.

3.16.2. Leaf antigen

Leaf antigens were extracted from both healthy and C. theae inoculated tea 

leaves following the method of Alba and De vay (1985) with modification. Detached 

leaf inoculation technique as described earlier was followed, while control sets were 

prepared by mounting the leaves with drops o f sterile distilled water. Healthy and C. 

theae inoculated leaves (1 gm each) were crushed separately in a mortar and pestle 
with 0.05 M sodium phosphate buffer (pH 7.2) containing 10 mM Na^S^Oj, 0.5 mM 

MgCl^, 2 mM soluble polyvinyl pyrrolidone (PVPP 10,000 M) and 2 mM Poly methyl
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sulphonyl fluoride (PMSF) at 4®C with sea sand.The leaf slurry was centrifoged at 4«C 

for 20 mins. at 10,000 rpm. The supernatant was used as leaf antigen and immediately 

stored at 20°C for further use.

3.17. Production of polyclonal antibody
3.17.1. Rabbits and their maintenance

New Zealand white male rabbits were used to raise antisera against mycelial 

antigens of C.theae, non-pathogen (F.oxysporum) of tea, and healthy tea leaf 

antigens. Initially body weights were recorded before starting the immunization 

schedule. They were regularly fed with green grass, soaked gram seeds, green 

vegetables etc., morning and evening. After each bleeding they were given saline 

water for 3 consecutive days, cages were cleaned everyday in the morning for better 

hygenic conditions.

3.17.2 Immunization

Before immunization, normal sera were collected from each rabbit. 

Separate rabbits were intramuscularly injected once a week at 7 days interval with 

1ml antigen mixed with 1ml of Freund’s complete adjuvent (Difco, USA) for the 

first three injections and the next emulsified with incomplete adjuvent for 4 to 5 

weeks.

3.17.3 Bleeding

Bleeding was performed by marginal ear vein puncture, 3 days after the first five 

injections, and then every third injection. In order to handle the rabbits during 

bleeding, they were placed on their back on a woddenboard fixed at an angle of 

60*C. The neck of the rabbit was held tight in triangular gap at the edge of the 

board, and the body was fixed in such a way that the rabbit could not move during 

the bleeding. The hair from the upper side of the ear was shaved with the help of a 

razor and disinfected with alcohol, the ear vein was irritated by the apphcation of 

xylene and an incision was made with the help o f a sharp sterile blade and 5 to lOmI 

of blood sanples were collected in sterile gradiiated glass tube.

After collection, all the precautionary measures were taken to stop the flow of the 

blood from the puncture. The blood samples were incubated at 37*C for Ih for 

clotting. After clotting, the clot was loosened with a sterile needle. Finally the serum
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was clarified by centrifugation (2000g for lOmins at room temperature) and 

distributed in Imi vials and stored at -20 ®C, as crude antisera.

3.18. Purification of IgG
3.18.1. Precipitation

IgG was purified as described by Clausen(1988). The polyclonal crude 

antiserum(2ml) was first diluted with two volume of distilled water and an equal 

volume of 4M Ammonium Sulphate. The pH was adjusted to 6.8 and the mixture 

was stirred for 16h at 22°C The precipitate thus formed was collected by 

centrifugation at 10,000g at 22°C for Ih. Then the precipitate was dissolved in 2ml 

of 0.02M Sodium phosphate buffer, pH8.0.

3.18.2. Column preparation

Eight grams of DEAE cellulose (Sigma Co. USA) was suspended in 

distilled water for overnight. The water was poured off and the gel was suspended 

in 0.005M phosphate buffer pH8.0 and the buffer washing was repeated for 5 

times.The gel was then suspended in 0.02M phosphate buffer, pH 8.0 and was 

applied to a column 2.6cm in diameter and 30cm high and allowed to settle for 

2h. After the column material had settled, 25ml of buffer (0.02M sodium 

phosphate buffer, pH 8.0) washing was given to the gel material.

3.18.3 Fraction collection

At the top of the column, 2ml of Ammonium sulphate precipitate was applied 

and the elution was performed at a constant pH and a molarity continuously 

changing from 0.02M to 0.3M. The initial elution buffer was 0.02M Sodium 

phosphate buffer pH 8.0 (1). The final elution buffer was 0.3M Sodium phosphate 

buffer pH 8.0 (2).

The buffer was applied in a flask on which one rubber connection from its bottom 

was supplying the column. Another connection above the surface of the bufer (1) 

was connected to another flask with buffer (20. The buffer (2) had also connection to 

the open air. During the draining of the buffer (1) to the column, buffer (2) was 

sucked into buffer (1) thereby producing a continuous rinse in molarity. Ultimately 

40 X 5ml fractions were collected and the optical density values were recorded by
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means of UV spectrophotometer at 280run.The fractions showing >2 reading were 

stored as purified IgG.

3.19. Immunodiffusion tests
3.19.1. Preparation of agarose slides

Glass slides (5cm x 5cm) were degreased in 90% (v/v) ethanol, ethanol : 

diethylether (1:1) and then dried in hot air oven. After drymg, plates were sterilized 

in autoclave at 15lbs for 20mins. Agarose gel was prepared in Tris barbiturate 

buffer, pH 8.6, at 90*C, 0.9% agarose (Sigma, USA) was added into the buffer and 

placed on a water bath and stirred till the agarose solution became clear. Into the 

clear agarose solution, 0.1% (w/v) sodium azide was added. For gel preparation 

10ml of molten agarose was added per slide, after pouring, it was kept for 

solidification and then wells were cut (8mm diameter).

3.19.2. Diffusion

Agar gel double diffusion tests were performed following the 

method of Ouchterlony (1967). The antigens and undiluted antisera (100|.il/well) 

were pipetted directly into the appropriate wells and diffusion was allowed to 

continue in moist chamber for 72h at 25 °C

3.19.3. Washing, staining and drying of slides

After immunodiffusions, the slides were initially washed with sterile 

distilled water for 2h and then aqueous Sodiimi Chloride solution (0.9% NaCl + 

0.1%NaN2) for 72h with 6 hourly changes to remove unreacted antigens and 

antiserum widely dispensed in the agarose.The slides were stained with 

Coomassie blue(R250) for lOmins at room temperature. After stainmg, slides 

were destainedwith 5% acetic acid solution with changes untill the background 

became clear. Finally, the slides were washed with distilled water and dried in hot 

air oven for 3h at 50

3.20. Enzyme linked immunosorbent assay (ELISA)
The following buffers were prepared following the method as described by 

Chakraborty et a i,  1995, with modifications.

1. Antigen coating buffer : Carbonate bicarbonate buffer 0.05M pH 9.6 Stocks

A. Sodium Carbonate - 5.2995g in 1000ml distilled water.
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B. Sodium Bicarbonate - 4.2g in 1000ml distilled water. 160ml of Stock A with 

360ml o f Stock B and pH was adjusted to 9.6.

2. Phosphate buffer saline : 0.15M PBS pH 7.2.

Stocks

A. Sodium dihydrogen phosphate - 23.40g in 1000ml distilled water.

B. Disodium hydrogen phosphate-21.29g in 1000ml distilled water. 280ml of 

StockA was mixed with 720ml of Stock B and pH was adjusted to 7.2. Then 

0.8% NaCl and 0.02% KCl was added to the solution.

3. 0.15M Phosphate buffer saline Tween (0.15M PBS-Tween, pH 7.2)

To 0.15M PBS, 0.05% Tween 20 was added and the pH was adjusted to 7.2.

4. Blocking reagent (Tris buffer saline pH 8.0). 0.05M Tris, 0.135M NaCl, 0.0027M 

KCL, Tris - 0.657g, NaCl - 0.81g, KCl -0.223g

Distilled water was added to make up the volume to 100ml. Then pH was adjusted 

to 8.0 and 0.05% Tween 20 and 1% bovine albumin (BSA) were added.

5. Antisera dilution buffer (.15 M PBS Tiween pH 7.2) In 0.15M PBS-Tween, pH 7.2, 

0.2% BSA, 0.02% Poly vinylpyrrolidone, 10,000 (PVPP 10,000) and 0.03% sodium 
azide (NaN^) was added.

6. Substrate

p-Nitrophenyl phosphate (Himedia) Img/ml dissolned in 100ml of di ethanolamine 
(1.0% w/v; 3mM NaN,) pH 9.8.

7. 3N NaOH solution was used to stop the reaction. This ELISA was peformed 

following the method as described by Chakraborty et al, 1995 with modifications. 

Plant and fungal antigens were diluted with coating buffer and the antigens were 

eluded (200ul/well) in 8 welled ELISA strips (Costar EIA/RIA strip plate, USA), 

arranged in 12 rows in a (casette) ELISA plate. After loading, the plate was 

incubated at 25°C for 4 hrs. Then the plate was washed 4 times under running tap 

water and twice with PBS Tween and each time shaken to dry. Subsequently, 200ul 

of blocking reagent was added to each well for blocking the unbound sties and the 

plates were incubated at 25®C for 1 hr. After imabation. The plate was washed as 

mentioned earlier. Purified polyclonal Ig G was diluted in antisera dilution buffer 

and loaded (200ni/well) to each well and incubated at 4®C overnight. After further 

washing, antirabit IgG goat antiserum labelled with Alkaline Phosphatase diluted
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10,000 times in PBS, was added to each well (lOOul/well) and incubated at 37°C for 

2 hrs. The and incubated at 37®C for 2 hrs. The plate was washed, dried and loaded 

with lOOul p-Nitro phenyl Phosphate substrate in each well and kept in dark for 60 

mins. Colour development was stopped by adding 50ul/well o f 3N NaOH solution 

and the absence was determined in an ELISA reader ( Model : Multiscan EX, Lab 

System) at 405 nm. Absorbance values in wells not coated with antigens were 

considered as blanks.

3.21. Fluorescence Antibody Staining and microscopy
Indirect fluorescence staining of cross sections of healthy tea leaves, and black rot 

infected leaves were done using FITC labelled goat antirabbit IgG following the 

method of Chakraborty and Saha (1994), with modifications.

3.2L1. Mycelia and sclerotia

Mycelia and Selerotia, collected from fresh naturally infected black rot leaves 

were taken in a small beaker. A mycelial and sclerotial suspensions were prepared 

with PBS (pH 7.2) separately. The suspension were taken in an eppendroff tube and 

centrifuged at 3000 g for 10 mins and the PBS supernatant was discarded. The 100 

|il of purified IgG was added into the eppendroff tube and incubated for 2 hr at 

27°C. After incubation, the tubes were again centrifuged and washed for 10 mins at 

300g. The mycelia / sclerotia were washed three times with PBS Tween, and the 

100|al of antirabbit IgG conjugated FITC (diluted 1:40 in PBS) was added and 

incubated in dark at 2TC  For 1 hr. After incubation, FITC was removed by repeated 

washing with PBS-Tween and the mycelia/Selerotia were mounted on 10% glycerol 

and observed under leicamicroscope, equipped with UV fluorescence filter and 

photographs taken.

3.21.2 Cross-section of tea leaf

Fresh cross-sections of healthy leaves (TV-9 and TV23) were cut and 

immediately immersed in phosphate buffer saline (pH7.2) containing 8% NaCL 

and 0.02% KCL and 0.01% PVP 10. Good sections were selected and treated with 

C. Theae antiserum (1:40) and incubated for 1 hr at 27°C. All operations with 

FITC labelled antibodies were made in darkness (red light). After incubation.
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sections were washed thrice with PBS Tween (pH 7.2) as mentioned above and 

then mounted on gresse free slides with 10% glycerol. A coverslip was placed on 

the section and sealed. Fluorescence of the leaf section were observed using leica 

leitz Biomed microscope with fluorescence optics equipped with UV filter set 13.

3.22. Dot-Blot
Dot blot was performed following the method suggested by Lange & Heide 1986. 

Following buffers were used for dot-blot:

(i) Carbonate-bicarbonate buffer (0.05.M, pH 9.6 coating buffer).

(ii) Tris buffer saline (lOmM, pH 7.4) with 0.9% NaCl and 0.05% Tween 20 for 

washing

(iii) Blocking buffer- 10% casein hydrolysate in 0.05M Tris, 0.5 NaCl, 0.5% Tween- 

20,(pH 10.3).

Nitrocellulose membranae (Millipore, H5SM0 5255, 7cm x 10cm pore size 0.04 

pm, Millipore corporation, Bedford) was first cut carefully into the required size and 

placed inside the template. 2jil of coating buffer carbonate bicarbonate buffer) was 

loaded in each well of the template over the NCM and kept for 25 mins to dry. 

Following this 2|j,l o f test samples (antigen samples) were loaded into the template 

wells over the NCM and kept for 3 hrs at room temperature. Template was removed 

and blocking of the NCM was done with 10% non-fat dry milk (casein) prepared in 

TBS for 30 mins. Polyclonal antibody (IgG) of C theae 1:40 was added directly in 

the blocking solution and fiirther incubated at 4“C for overnight.

The membrane was then washed several tunes in TBS for Tween (pH 7.4). 

Enzymatic reactions were done by treating the NCM with Alkaline phosphatase 

Conjugate (1:7500) for 2 hrs at 37®C. This was followed by washing for 25 mins. In 

TBS Tween substrate (66\xl) Nitro Blue Tetrazolium chloride (NBT)+ 33(il 

5,Bromo-4 chloro-3 Indolyl phosphate Di sodium salt (BCIP) in 10ml of Tris buffer 

saline (pH 7.4). Finally reaction was stopped by floating the NCM in deionized 

water.
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4.1 Black rot disease occurrence under natural conditions

Black rot disease is caused by Corticium theae and Corticium invisum. A

survey was conducted to record the occurrence of black rot in various tea gardens of 

the Dooars of Jalpaiguri district , foot hills (Terai) and hills of Darjeeling district. 

Black rot disease mcidence was recoded for consequtive three years from five tea 

gardens such as Tiriannah Tea Estate and Hansqua Tea Estate (Terai) Kailashpur 

Tea Estate and Chinchula Tea Estate (Dooars) and Margarate Hope Tea Estate (Hills) 

Highest black rot disease incidence (63%) was observed in Kailashpur Tea Estate 

( Plate -  1 & 3; fig. A ) , and Tiriannah Tea Estate. First appearance of the disease was 

during early April and continued up to August. Maximum disease incidence was 

recorded during mid July. Disease was always noticed in the plain but rare in the 

hills. It attacks all teas from their seedling stage upwards. The disease persisted in the 

same areas for years, causing gradual deterioration in the health of the tea and loss in 

crop. In Kailashpur Tea Esate, it thrived for years in the badly ventilated places, 

mainly where air movements were prevented by overdense shade as well as the 

particular section was surrounded by forest areas.

Black rot is more prevalent on tea which has been cut across without any

cleaning out and unskiffed and unpruned tea. C. theae produces on the leaves large

patches covering about half and sometimes the entire leaf area. Colour on the 

uppersurface of the affected area at the early stage is reddish-brown, similar to sun- 

scroch damage, later it is a mixture of brown, yellowish-brown and grey; the 

undersurface is light brown or greyish-white and usually covered with a net work or 

cream to brown mycelium and finally leaf becomes rotten ( Plate -3, figs B&E ). 

Diseased leaves often remain attached, to other leaves and stems, held together by 

small cushions or fihns of pinkish-white or cream coloured mycelium. The fungus 

produces on the stem, thick crods of mycelium, up to about 3 mm across, dark 

purpUsh-brown on the older portions of the stem and dull white to hght brown on the 

green portions at the top. The fungus produces minute resting bodies (sclerotia) in the 

cracks and crevices o f the stem towards the end of the rainy season. Fructifications 

appear, during the rainy season, as white, dusted patches on the undersurface of 

mature, green leaves.
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Plate 3 (Fi|». A -E): Natural black rot disease symptoms and causal oiganinn.
(A) Black rot disease in Kailastqxir Tea Estate; (B & E) £)etached leaves ^ w in g  
disease symptoms; (C & D) Cwticium theae isolates (Ct-1 & Ct -2).



53

4.2 Correlation of weather conditions with occurrence of 
Black rot disease

Weather conditions have a direct influence on disease development. The 

organism get favourable conditions for successful establishment of disease. 

Keeping this mind, monthly meterological data were collected for three years 

(1999-2001) which included maximum and minimum temperature, relative 

humidity and average rainfall. Black rot disease incidence were recorded 

throughout the year ( Table -  1 ).

Table 1 : Meterological data and black rot disease occurrence .

Month Temperature (*C) 
Maximum Minimum

RelativeHumidity(% ) 
Morning Evening

Rainfall
(mm)

Disease
Incidene
(%)

Jan 21.4±0.32 18.2±0.22 92.310.76 52.312.31 22.815.62 0

Feb 23.3±0.62 12.4±0.78 89.211.11 50.512.52 7.51 2.32 0
Mar 31.5±0.56 15.210.63 88.610.62 46.811.45 69.6±25.37 0
Apr 32.5±0.65 20.910.67 89.710.65 56.710.61 98.2126.57 0
May 33.2±0.59 22.810.61 87.311.12 61.911.36 260.2154.83 21.110.16
Jun 32.4±0.68 23.810.32 90.810.43 65.211.76 573.21106.89 52.3+0.10
Jul 33.4±0.79 25.210.54 91.610.48 71.712.98 998.3490.6 63.210.32
Aug 31.810.56 25.610.76 92.110.72 67.212.12 872.51154.98 28.610.56
Sep 31.7±0.76 23.810.31 93.510.76 64.611.32 400.9176.67 0
Oct 31.9±0.19 22.810.60 93.610.65 62.711.21 157.86119.6 0
Nov 30.6±0.68 17.610.59 88.911.98 48.912.67 37.7616.68 0
Dec 24.8±0.63 13.510.47 93.810.57 41.611.52 14.2113.8 0

± Standard error
A Average of three years (1999-2001)
B Mean occurrence of black rot disease for three years (1999-2001)

Table 2 : Correlation matrix showing correlation between black rot disease and 
environmental factors during three years (1999-2001 ). ( 2-tailed significance )

Disease
Disease® 1.00
Max temp 0.4583
Min temp 0.6220**
RHl*’ - 0.0198
RH2" 0.7087*
Rainfall 0.8624*

“ Disease computed as % incidence of mean of all varieties 
RHl = % Relative humidity (Morning); RH2 = % Relative humidity (afternoon)
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In order to determine whether disease development in nature is correlated with 

different environmental factors, Karl Pearson’s correlation coefficient was 

calculated in respect to black rot disease occurrence and the various factors. 

Mean data of the three years ( Table -1 ) was used in all cases. Results have 

been presented in Table -  2 and Fig. 1. When mean disease incidence was 

correlated with the different fectors, it was found that disease mcidence 

showed positive significant correlation with rainfall and relative humidity.

4.3. Varietal resistance test of tea against Corticium theae

Fifteen varieties o f tea, of which 6 released by UPASI Tea research. Centre, 

Valparai, Tamilnadu and 9 released by Tocklai Experimental Station, Jorhat, 

Assam, were used for varietal resistance tests against Corticium theae 

following detached leaf and cut shoot inoculation techniques. Methods of 

inoculation, incubation conditions and disease assessment procedures have 

been described in detail under Materials and Methods and results are given in 

Tables 3 & 4 ; Figures 2 & 3 and Plate 4 (figs A-F)

4.3.1 Detached leaf

Artificial inoculation of detached tea leaves 9 Tocklai varieties, and 6 UPASI 

varieties were carried out separately as described previously. After 48, 72 and 

96h of inoculation, assessment o f inoculation infectivity and symptiom 

development were done on the basis of percent drops that resulted in disease 

production, which were determined from 50 leaves o f each variety after every 

interval separately experiments were repeated thrice. Results revealed that, in 

case of Tocklai varieties, TV-22, TV-23, TV-18 and UPASI-2 were most 

susceptible followed by BSS-2, TeenAli-17/1/54 , UPASI-9 while TV-25, 

TV-26, TV-20 and TV- 9, UPASI-26, and BSS-3 were found to be 

moderately resistant. After 96h. of inoculation, 87% and 74% lesion 

production were observed in TV-22 and TV-23 respectively, while in TV-25, 

TV-26 and TV-9 approximately 20-30 % lesion production was observed 

(Table 3 ). On the basis of significance tests (t-test) the varieties were
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grouped into highly susceptible (TV-22, TV-23, UPASI-3 and TV-18 ), 

moderately resistant ( TV-25, TV-26 and TV-9) and moderately susceptible.

Table -3: Pathogenicity test of Corticium theae on different 

following detached leaf inoculation

tea varieties

Tea Varieties Percentage lesion production'il

Hours after inoculation
48 72 96

BSS-2 41.6±1.6 49.1±2.1 63.3±3.1

BSS-3 10.6±0.7 13.2±0.6 23.0±0.9

U-2 66.2±1.7 69.0±1.3 73.1±1.3

U-3 20.8±1.3 58.3±2.6 83.3±1.2

U-9 12.0±0.7 40.0±2.6 55.7±2.1

U-26 11.1±0.6 12.5±0.7 37.5±1.1

TV-9 21.0±1.2 27.2+1.0 29.5±2.1

TV-18 58.?+?.6 68.4+2.8 78.6±2.8

TV-20 11.6±1.1 13.1+1.0 33.3±1.1

TV-22 70.6+3.3 77.9±2.8 87.2±2.9

TV-23 68.7+2.6 72.4±3.2 74.1±3.0

TV-25 13.1+1.0 16.2±0.8 20.0±1.1

TV-26 16.1+1.6 19.2+1.7 22.3±1.3

TV-29 31.2+7.1 33.2±2.8 36.1±1.8
T-17/1/54 17.2±1.3 43.1±2.0 58.0±2.6

a Average of three separate trials, 50 leaves inoculated in each trial
± Standard Error
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Among the UPASI varieties UPASI-3 was found to be most susceptible 

followed by BSS-2, UPASI-2, UPASI-9, while UPASI-26 were moderately 

resistant and BSS-3 was found to be most resistant. Maximum lesion 

production among UPASI varieties was 83% (UPASI-2) and minimum was 

23% (BSS-3) after 96h of inoculation.

4.3.2. Cut Shoot

Pathogenicity o f Corticium theae on 15 varieties of tea mcluding 9 Tocklai 

and 6 UPASI were also tested by cut shoot inoculation ( Plate -  4 ,figs C&D) 

as described in Materials and Methods Disease was assessed on the basis of 

mean number of lesions per shoot from which mean disease index per shoot 

was calculated after 48, 72 and 96h. of inoculation. Results ( Table 4 ) 

confirmed the trend shown in detached leaf inoculation technique. Among the 

Tocklai varieties tested, highest disease index was evident in TV-23 , UPASI-

2, TeenAli-17/1/54, BSS-2 and TV-23 and lowest in TV-20. (Table -4). Cut 

shoots of TV-22 and TV-23 exhibited lesions variable in size (2-3 mm diam) 

which appeared on third and fourth leaves within 48h. o f inoculation, in case 

of Tocklai varieties. Spreading o f these lesions (10-15 mm dia) with diflRised 

margins were evident on the leaves after 96h. o f inoculation. In contrast, at 

this interval cut shoots of TV-20, TV-9 and TV-25 exhibited restricted lesions. 

In case of UPASI varieties, UPASI-2 showed the highest index and BSS-3 

exhibited the lowest disease index value.Among all the 15 varieties tested, 

TV-23 and UPASI-2 were found to be most susceptible followed by TV-22 

and UPASI-3, while TV-20 was the most resistant followed by UPASI-26, 

BSS-3 and TV-9 on the basis o f cut shoot inoculation (Fig. 3). This was in 

conformity with results o f detached leaf inoculation.
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Table-4 : Pathogenicity test of Corticium theae on different tea varieties 
following cut-shoot inoculation.

Hours after inoculation

Tea Varieties 48 72 96
M ean no. o f  M eandisease M ean no. o f M ean disease M ean no. o f M ean disease 
lesion/shoot index/shoot lesion/shoot index/shoot lesion/shoot index/shoot

BSS-2 1.65 0.21 2.60 0.68 3.41 1.81

BSS-3 0.63 0.07 1.12 0.15 2.00 0.33

U-2 2.58 1.05 2.61 1.15 3.68 1.83

U-3 1.55 0.20 2.10 0.64 3.10 1.31

U-9 1.10 0.26 1.47 0.31 2.12 1.11

U-26 0.96 0.19 1.32 0.25 2.06 0.35

TV-9 1.10 0.16 1.24 0.53 1.28 0.56

T V -18 1.01 0.15 1.88 0.44 2.87 1.40

TV-20 0.65 0.09 1.12 0.15 1.87 0.29

TV-22 1.75 0.11 2.25 0.18 3.75 1.32

TV-23 1.70 0.26 3.00 0.76 3.71 1.82

TV-25 1.00 0.15 1.58 0.33 2.46 1.14

TV-26 1.12 0.17 2.13 0.35 2.88 1.20

TV-29 1.12 0.17 2.13 0.35 2.88 1.20

Ten Ali 

17/1/54

1.63 0.24 2.75 0.70 3.38 1.74

A verage o f 50 Shoots/variety
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Plate 4 (flg i. A-F) : Detached leaf and cut shoot inoculatkMi of tea leaves with C.theae 
(AStC) Healthy leaf (control); (B4>,EAF) Artificially inoculated with C.theae. (AAB) TV-23, 
(CAD) TV-22, (EAF) TV-lg.
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4.4. Determination of levels of plienolics in healthy and C iheae 
inoculated tea leaves

Phenolic compounds are known to accumulate in numerous plant species 

following infection with fungal pathogens and in many cases there is a greater 

increase in phenolic biosynthesis in resistant host species than susceptible 

ones (Mahadwon, 1991; Borkar and Verma, 1991). As polyphenols are the 

major constituents of tea leaves it was decided to compare quantitative 

changes in the phenoHcs of resistant and susceptible varieties. At the onset, 

the simple phenolics present in the healthy leaves were characterized 

following which quantitative estunation of total pehnol and arthodihydroxy 

phenol was done.

4.4.1. Total phenols

Total phenols from healthy and C. theae inoculated tea leaves of 15 tea 

varieties were extracted after 24 and 48h of inoculation and estimated as 

described in Materials and Methods. Results are given in Table 5 and 

Figure 4. Total phenol content decreased following inoculation with C. theae 

in the susceptible varieties. However there was an increase in the phenol 

contents of resistant varieties following inoculation. Among all the varieties 

tested, C. theae inoculated leaves of TV-20, showed maximum increase in 

total phenol.

4.4.2. Orthodihydroxy phenols

Orthodihydroxy phenols from healthy and C. theae inoculated tea 

leaves of fifteen varieties were also extracted after 24 and 48h. of inoculation 

and estimated. The method of extraction and estimation have been described 

in detail under Materials and Methods. Results depicted in Table 6 and 

Figure 5 revealed that orthodihydroxy phenol content also decreased in 

susceptible varieties ( BSS-2, UP-2, UP-3, TV-18, TV-22, TV-23 ) and 

increased in resistant varieties ( BSS-3, UP-9, UP-26, TV-9, TV-20, TV-25, 

TV-26, TV-29 and Teenali-17/1/54) after inoculation with C. theae.
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Table 5 Level of total phenols in healthy and C theae inoculated tea leaves

Total phenol ( mg/g tissue)

24h 48h

UPASI

Varieties

Healthy Inoculated Healthy Inoculated

BSS-2 30.0 ±0.13 28.1±0.02 30.2 ±0.12 27.2 ±0.01

BSS-3 40.6 ± 0.37 48.9 ± 0.03 42.1 ±0.16 54.2 ±0.13

UP-2 10.8 ±0.13 10.1 ±0.27 11.7 ±0.02 10.3 ± 0.40

UP-3 16.1 ±0.53 15.2 ±0.17 16.3 ±0.02 14.2 ±0.38

UP-9 34.3+0.10 33.1 ±0.33 35.0 ±0.17 33.2 ±0.03

UP-26
Tocklai
varieties

35.0 ±0.17 34.6 ±0.31 35.2 ±0.09 33.1 ±0.24

TV-9

27.3 ±0.21 32.0 ±0.61 28.6 ± 0.60 46.6 ±0.13

TV-18 22.7 ±0.11 22.3 ±0.21 23.0 ± 0.23 21.2 ±0.26

TV-20 42.6 ± 0.03 48.2 ± 0.06 43.2 ± 0.09 54.6 ±0.13

TV-22 26.0 ± 0.08 22.1 ±0.03 28.4 ± 0.04 21.7 ±0.23

TV-23 28.3 ±0.12 26.0 ±0.13 29.9 ± 0.02 23.2 ±0.11

TV-25 42.7 ± 0.03 48.1 ±0.12 43.0 ±0.17 53.2 ±0.09

TV-26 44.8 ± 0.06 49.3 ± 0.07 45.0 ± 0.09 54.2 ± 0.06

TV-29 27.2 ± 0.03 26.8 ±0.11 27.6 ±0.13 25.3 ±0.03

TeenAli

17/1/54

25.9 ±0.01 25.1 ±0.32 26.2 ± 0.26 25.2 ±0.13
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l ablc 6 : Level o f O rtho-dihydroxyphciiol in healthy and C  theae  

inoculatcd tea leaves

Varieties Ortho-dihydroxy phenol 

(mg / g fresh wt. of leaf tissue)

UPASI

BSS-2

BSS-3

UP-2

UP-3

UP-9

UP-26

Tocklai

TV-9

TV-18

TV-20

TV-22

TV-23

TV-25

TV-26

TV-29

TeenAli

17/1/54

H

1.36

1.68

1.51 

1.45 

1.59

1.57

1.58 

1.39 

1.83 

1.43

1.51 

1.69 

1.65

1.59 

1.54

24h

I

1.35

2.34

1.47

1.30

1.65

1.66

1.83

1.30 

2.62

1.30 

1.42 

2.13 

1.89 

1.67 

1.65

H

1.43

1.74

1.52 

1.48 

1.61 

1.60

1.62

1.41

1.86

1.46

1.53 

1.78 

1.69 

1.63 

1.59

48h

I

1.35

2.62

1.43

1.31 

1.68

1.69

2.06

1.30

2.87

1.32 

1.45 

2.26 

1.93

1.70 

1.69

H = Healthy I = Inoculated with C theae 

Average of five replicates
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4.5. Determination of enzyme activity in healthy and C.theae 

inoculated tea leaves

4.5.1. Peroxidase

Peroxidase activity was assayed as increase in absorbance when o-dianisidine was 

oxidised by the oxygen released from H2O2 which was oxidised by the enzyme. 

Peroxidase was extracted from healthy and artificially inoculated (with C.theae ) tea 

leaves of 15 varieties and their activity was assayed. Results have been presented in 

Table 7 and Figure 6. Peroxidase activity increased mainly in case of resistant 

varieties of which PO activity increased markedly in case o f C.theae inoculated leaves 

ofTV-26.

4.5.2. Phenylalanine ammonia lyase

Phenylalanine ammonia lyase (PAL) is the first enzyme of phenylpropanoid 

metabolism in higher paints and it has been suggested to play a significant role in 

regulating the accumulation of phenolics, phytoalexins and lignins , three key 

factors responsible for disease resistance. Keeping this in mind in the present study, 

activity o f phenylalanine ammonia lyase was assayed in 15 different tea varieties 

subjected to biotic stress i.e. following inoculation with C.theae . PAL activity was 

assayed in each case after 24 and 48h o f inoculation. Results have been presented in 

Table 8 and Figure 7. Results revealed that PAL activity increased after 48 h of 

inoculation in 6 varieties ( BSS-3, TV-9, TV-18, TV-20, TV-25, TV-26 ) which 

exhibited resistant reaction towrads C.theae, while in other varieties increase PAL 

activity was not significant.
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Table 7 Peroxidase activity in healthy and Qtheae inoculated tea leaves

Peroxidase (A O.D. / g tissue / min )

Healthy

24h

Inoculated Healthy

48h

Inoculated

UPASI

varieties

BSS-2 8.02 8.32 8.40 8.90

BSS-3 13.20 13.62 13.22 13.73

UP-2 9.40 9.82 9.42 10.12

UP-3 8.73 9.02 8.77 9.13

UP-9 6.02 6.32 6.40 6.91

UP-26 8.00 8.12 8.10 8.28

Tocklai

varieties

TV-9 9.62 10.10 9.83 10.63

TV-18 6.42 6.87 6.48 6.89

TV-20 14.12 14.26 14.23 14.93

TV-22 5.68 6.01 5.72 6.21

TV-23 4.48 5.02 4.62 4.93

TV-25 10.12 10.32 10.26 10.41

TV-26 11.40 12.26 11.60 13.62

TV-29 8.21 8.26 8.01 8.90

TeenAli 17/1/54 7.31 7.32 7.20 7.63
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Table 8 Phenylalanine Ammonia Lyase ( PAL) activity in tea leaves following 

inoculation with C. theae

Varieties

PAL activity (^g cinnamic acid / g tissue / min)

24h 48h

UPASI

varieties

Healthy Inoculated Healthy Inoculated

BSS-2 219±5.6 236+4.3 221±8.0 245±6.8

BSS-3 329±4.3 343±1.7 332±6.0 397±2.8

UP-2 230+8.8 243+2.7 232+9.8 256+7.2

UP-3 246+1.6 253±5.3 248±6.1 266±3.5

UP-9 313±1.5 317±3.1 310±5.1 321+1.3

UP-26 319±6.7 323±6.2 321±7.6 328±2.6

Tocklai

Varieties

TV-9 280±7.2 320±6.7 283±6.8 353±3.6

TV-18 270±3.6 310±8.6 268+7.2 384±8.8

TV-20 329+5.6 346+2.3 341±4.3 392±2.0

TV-22 230±6.0 237+6.1 233±7.0 24111.6

TV-23 255±3.0 263±3.1 268±0.3 28011.3

TV-25 328±1.5 369±6.2 330+5.1 410+2.6

TV-26 283±5.7 332±5.9 285±7.5 385+9.5

TV-29 240±5.6 249±3.5 243±6.5 25615.3

TeenAli

17/1/54

233±5.6 239±6.3 236±5.7 24113.6
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4.6 Studies on biological activities of leaf diffusates of tea

The differential resistance reaction of tea varieties in response to infection 

with C. theae as evidenced in the varietal resistance test may be attributed to 

differences in their abilities for the production of antifiingal compounds. To 

determine this, at the onset, leaf diffusates were collected following drop 

diffusate method and their biological activities were tested.

Leaf diffusates were collected separately from adaxial surface of four 

tea varieties, viz, TV-9 TV-20, TV-22 and TV-23 after 48h. of inoculation 

with C. theae as described in Materials and Methods and their biological 

activities were evaluated an spore germination of Glomeralla cingulata. The 

results presented in Table-9 indicate that diffusates collected from TV-20 and 

TV-9 were more fungitoxic than those from TV-22 and TV-23. Percentage 

inhibition in spore germination was maximum (77.7%) with the duffusates 

collected from TV-20 and minimum ( 46.43%) with the diffusates of TV-23.

Table 9 : Effect of leaf diffusates of tea varieties on spore germination of 

G.cingulata

Diffusates %spore % inhibition Germ tube % inhibition in 

tubecollected

from

germination^ in spore 

germination

length 

um )*’

( germ 

length

TV-9 21.3 ±1.14 75.5 38.4 ± 1.17 46.8

TV-20 19.4+ 0.59 77.7 45.2 ± 0.98 47.4

TV-22 41.0 ±0.66 52.8 49.8 ± 1.22 31.1

TV-23 46.6 ± 1.23 46.43 43.6 ± 0.89 39.6

Distilled 

water 

(Control)

87.0 ± 1.85 72.3 ± 2.06

Diffusate collected after 48 h. Incubation temperature ; 25 ±°C 
^Average of 500 spores ;  ̂ Average of 60 germlings;
'  Inhibition in relation to control
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4.7. Characterization of simple phenolics in healthy tea leaves

Simple phenolics from healthy leaves o f four tea varieties (TV-9, TV-20, TV-22 and 

TV-23) were extracted and characterized by thin layer chromatography (TLC). They 

were identified by comparing with authentic phenols and phenolic acids. The phenols 

extracts were chromatographed two dimensionally on silica gel plates. TLC plates 

were development first in acetic acid: chloroform (1:9) and then in ethyl acetate: 

benzene (9:11). The plates were sprayed with Folin-Ciocalteav’s reagent and the 

phenols were detected as blue spots. Rf values of these spots were determined. After 

the spray fuming with ammonia vapour revealed the presence of some more blue to 

grey spots. Rf. values of these spots were also noted which are presented in Table 10. 

Simultaneously some authentic phenolics known to be present in tea leaves 

(protocatechuic acid, gallic acid, catechol, caffeic acid, p-coumaric acid) were 

separately run on TLC plates. Their colour reaction and Rf values were noted and 

compared.

TablelO:Rf values and colour reaction of phenol extracts from healthy tea leaves.

Rf(xlOO) Colour reactions Corresponded
Solvent I Solvent II with with

FolinCiocalteau’s authentic
Acetic acid Ethyle-acetate reagent phenol and
Chloroform Benzene phenolic acid
(1:9) (9:11)

1 3 15 Blue -

2 6 32 Blue -

3 14 38 Blue -

4 19 44 Blue Protocatechuic acid
5 3 46 Blue Gallic acid
6 19 72 Blue -

7 16 80 Blue -

8 32 63 Blue Catechol
9 52 .80 Blue*- Caffeic acid
10 57 74 Blue p-coumaric acid
11 73 65 Blue b -

12 92 97 Blue -

a = On thin-layer chromatograms of silicagel
b = Blue colour after ammonia fumigation
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4.8. Detection of antifungal compounds in tea leaves after 

challenge with C.theae

Detection of antifungal compounds in tea leaves after challenge with C. theae 

thi methods is not easily applied to large amount of tissue and the utility of 

this technique is diminished further due to low solubility of many phytoalexins 

in pure water. Phytoalexin production is known to be one of the conferral 

mechanisms of disease resistance in several plants ( Hammerschmidt, 1999 ). 

In the present investigation fiirther experiments were carried out following 

facilitated diffusion technique for the detection of antifungal substances 

(phytoalexin) from relatively large samples of freshly harvested tea leaves 

inoculated with C  theae. Antifungal compounds were extracted separately 

from healthy and C. theae inoculated tea leaves o f two resistant varieties (TV- 

9 and TV-20) and two susceptible varieties (TV-22 and TV-23) after 48 h of 

inoculation.

4.8.1. Radial growth bioassay

At the onset, crude extract (ethyl acetate fraction dissolved in methanol) 

prepared from healthy and C. theae inoculated tea leaves of four varieties 

were bioassayed following radial growth inhibition assay as described in 

Materials and Methods. Results have been presented in Table 11 , Plate

5,figs A-G. Mycelial growth of C. theae was inhibited markedly in the 

medium supplemented with the extracts of moculated leaves of resistant 

variety TV-9 and TV-20 than those of susceptible variety TV-22 and TV-23 

in relation to their respective control ie. media supplemented with healthy leaf 

extract. Mycelial growth was measured ui each treatment, when C theae 

covered full petridish (3 cm dia) grown in Potato Dexfrose Agar medium 

without any supplementation. It is interesting to note that growth of C. theae 

was completely inhibited in the medium supplemented with extract of 

inoculated leaves o f TV-20.
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Plate S (Figk A>G) :Bioassay of antifungal compound extracted 
froin tea leaves following inoculation with C.theae. (A-D) Agv- 
cup bioassay of antifungal compound extracted f i ^  healthy 
leaves (AABX 48h after inoculation with C.theae (CAD). 
TV-18 (AAC); TV-20 (BAD). (E-F) Bioassi^ of purified anti
fungal compound extracted fnmi TV-9 using poision food tech
nique. (E) Healthy leaf extract (control) (FftG) inoculated with
C.theae.
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Table 11 : Effect of antifungal compounds from tea leaf extracts on radial

growth of Ctheae

Variety Diameter of mycelia! growth ( mm ) “

Susceptible Healthy Infected with Gtheae

TV-22 18.2 11.5

TV-23 16.5 12.8

Resistant

TV-9 13.2 7.5

TV-20 14..8 8.0

Control 30

® Average of two experimental sets.

4.8.2. Chromogenic spray

Ethyl acetate fractions of both healthy and C. theae inoculated tea leaf 

extracts were loaded on TLC plates, developed in chlorofrom : methanol

(9:l,v/v) and sprayed separately with Folin-Ciocalteau’s reagent, diazotized 
p-nitroaniline and vanillin -H^SO .̂ Compound I at R f 0.62 showed brown 

colour reaction when sprayed with vanillin -H^SO^, whereas compound II at

Rf 0.56 gave positive colour reaction indicating the presence of phenolic 

compounds.
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Table 12 : Colour reaction of the antifungal compounds in visible light 

after spraying with chromogenic reagents

Chromogenic spray________ Colour reaction of the antifungal compounds

I(R f0 .62) II (Rf 0.56)

Folin-Ciocalteau’s reagent No colour Deep blue

Diazotized p-nitroaniline No colour Brick red

Vanillin -  H2SO4__________________Brown____________No colour____________

Solvent system: Chloroform: Methanol ( 9 : 1, v /v )

4.7.2. TLC plate bioassay

Ethylacetate fractions o f both healthy and C. theae inoculated leaves of four 

varieties were bioassayed for antifungal compounds using Curvularia sp as 

the test organism following TLC plate bioassay technique as described. Two 

compounds, (I and II) at Rf 0.62 and 0.56 respectively exhibited inhibition 

zone on the chromatagram. Diameter of inhibition zones for healthy and 

inoculated tea leaf extracts for four varieties appeared on the chromatograms 

are presented in Table 13. The inhibitory compounds were present not only in 

leaf extracts of inoculated resistant and susceptible varieties but also in 

extracts of non-inoculated healthy leaves. There was no evidence of the 

inhibition zone at Rf 0.62 (I) in C. theae inoculated leaves of TV-22 and TV- 

23. However, inhibition zone at Rf 0.56 (II) appeared in resistant varieties.

4.8.4. Glass slide bioassay

Partially purified (by preparative TLC) pyrocatechol obtained from C. theae 

inoculated leaf extract of TV-20 was fiirther bioassayed following 

spore/sclerotia germination method. In this experiment antifungal nature of 

pyrocatechol was tested against G.cingulata and C. theae. Sclerotia 

germination of C. theae was completely inhibited by this compound in



78

relation to distilled water control. However, spore germination of 

G. cingulata was inhibited by 90% in relation to distilled water control.

Table 13 ; TLC -plate bioassay of antifungal compounds

Variety Treatment Diameter of the inhibition zone (mm)

Compound I Compound II

Rf 0.62 RfO.56

Susceptible

TV-22 Healthy 7.5 0

TV-22 Infected 0 2 . 8

TV-23 Healthy 8 .2 0

TV-23 Infected 0 2 . 2

Resistant

TV-9 Healthy 1 0 . 0 2 . 0

TV-9 Infected 3.2 7.8

TV-20 Healthy 1 2 . 2 2.4

TV-20 Infected 3.0 6.9

Solvent system -  Chloroform ; Methanol ( 9:1 W fV )

Organism tested -  Curvularia lunata

Incubation period -  96 h at 25°C

4.8.5. UV- spectrophotometric analysis

Partially purified Pyrocatechol (Rf 0.56) from the extracts of healthy leaf and

C. theae inoculated leaves were examined in a UV- spectrophotometer 

(Model Shimadzu 160). It is interesting to note that extracts from healthy leaf 

tissue following facilitated diffusion technique did not give any peak at 274 

nm, while extract from healthy leaf tissue with wound exhibited absorption
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peak at this wavelength. Maximum absorption peak measured at 274 nm was 

identical to an authentic sample of pyrocatechol. Hence, quantification of 

pyrocatechol was done from UV-spectro photometric curve by considering 

molar extinction coefficient of authentic pyrocatechol 6000 at 274 nm 

(WiUiams and Flaming, 1988). Pyrocatechol accumulated in two resistant 

(TV-20 and TV-9) and two susceptible (TV-22 and TV-23) varieties of tea 

after 48h of inoculation was estimated and compared with their healthy 

controls. It appears from the result (Table 14 ) that in inoculated leaves, 

greater amount (484-610 ^ig/g fresh weight) o f antifongal compound 

( pyrocatechol) accumulated in the resistant varieties than in the susceptible 

varieties (275-346 fig/g fresh wt.) Concentration of this compound in healthy 

leaf tissues were very low (75-80 |j,g/g fresh weight).

Table 14 : Quantitative estimation of pyrocatechol in resstant and 

susceptible tea varieties inoculated with Ctheae

4.9.

Tea varieties Pyrocatechol concentration 

( |ig/g fresh wt. of leaves)

Resistant varieties

Healthy leaves Leaves inoculated 

with C.theae“

TV-9 80 484

TV-20

Susceptible varieties

96 610

TV-22 71 346

TV-23 75 275

® 48h after inoculation 

Studies on elicitors of C theae

There is evidence that plants accumulate antifungal compounds or 

phytoalexins as a part of the inducible defence mechanism in response to 

pathogen invasion or treatment with biotic and abiotic elicitors
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( Greyer and Kokubun, 2001). Hence, the elicitors of this pathogen 

(C.theae ) was tested to determine their effect on development of disease 

reactions. In the present study cell wall extracts were prepared from 15-day 

old culture of C. theae and their role in elicitation of antifungal compounds 

were studied. Besides, their chemical nature was also determined.

4.9.1. Determination of nature of disease reaction elicited by the eiicitor

To determine the nature of disease reaction elicited by the eiicitor, detached 

tea leaves of resistant varieties (TV-9 and TV-20) were inoculated separately 

with four different treatment such as (a) sclerotial suspension of C. theae, (b) 

mycelial wall extract (MWE) preparation of C. theae, (c) sclerotial suspension 

mixed with mycelial wall extract and (d) sterile distilled water. Percentage 

lesion production was calculated after 48, 72 and 96h. inoculation results 

(Table 15 ) revealed that the disease reaction elicited both by sclerotial 

suspension and the mycelial wall extract were similar.

4.9.2. Bioassay of diffusible compounds elicited by the eiicitor

Since the mycelial wall extract could also eUcit the resistant in tea leaves 

(TV-9 and TV-20) it was considered imperative to determine whether it 

elicited any antifungal compound. Bioassay of diffusible compound collected 

after 48h from the adaxial surface of tea leaves of two resistant varieties (TV- 

9 and TV-20) following four treatments viz. distilled water, mycelial wall 

extract with distilled water, sclerotial suspension, and mycelial wall extract 

with sclerotial suspension were centrifuged and bioassayed by spore 

germination method. Control sets were also kept with mycelial wall extract 

preparation and sterile distilled water. Diffusible compound collected from 

leaf surface against aU four treatments inhibited spore germination markedly. 

The mycelial wall extract was almost as effective as the sclerotial suspension 

in eliciting antifungal compounds on the leaf surface (Table 16 ). However, 

when the sclerotia of C.theae were allowed to germinate on glass slides in 

presence of mycelial wall extract and distilled water separately, the 

germination percentage was similar to that of distilled control. Therefore 

mycelial wall extract was as such not fimgitoxic but it elicited the production 

of antifungal compounds in the host leaf surface.
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Table 15 Comparison of lesion production by mycelial wall extract and 

sclerotial suspension of Gtheae on detached leaves of resistant varieties of tea

Variety Treatment % lesion production ‘

TV-9 Sclerotial

48h

19.410.98

72h

23.6±1.13

96h

27.5+1.56

suspension® 

Mycelial wall 15.3±1.41 20.2+0.95 24..8±0.87

extract^

Sclerotial 18.5±0.89 24.2+1.02 29.3±1.34

suspension +

Mycelial wall 

extract

Distilled water 0 0 0

TV-20 Sclerotial 13.2±1.23 15..611.61 28.4±1.83

suspension® 

Mycelial wall 11.5+1.11 16.2±1.12 25.5±0.97

extract^

Sclerotial 12.8±0.95 15.8±2.11 22.9±1.13
suspension +

Mycelial wall 

extract

Distilled water 0 0 0

* Sclerotial suspension of C.theae 

Mycelial wall extract o f C. theae 

Average of 50 leaves / treatment
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Table 16 : Spore germination bioassay of diffusible compounds elicited by the 

mycelial wall extract of C.theae

Treatment Variety %spore germination Germtube length

Diffusible compounds collected 

from adaxial surfaces o f tea 

leaves

Distilled water TV-9 43.8 ±2.4 55.2 + 1.62

Distilled water TV-20 40.5 ± 1.85 52.7 ±1.33

Mycelial wall extract TV-9 26.511.03 42.0 ±1.85

Mycelial wall extract TV-20 23.1 ±0.92 44.3 ± 0.98

Sclerotial suspension TV-9 21.8 ± 1.26 33.4 ±0.85

Sclerotial suspension TV-20 20.5 ± 1.54 37.9± 1.11

Mycelial wall extract + TV-9 18.4 + 0.88 33.9 ±0.78

Sclerotial siispension

Mycelial wall extract + TV-20 17.9 ± 1.18 35.2 ±2.21

Sclerotial suspension

Control

Distilled water 84.2 ± 2.56 92.0 ± 2.87

Mycelial wall extract 86.7 ±1.46 89.5 ±2.01

‘ Average of 500 spores ; Average of 60 germlings



Bioassay of diffusible compounds collected from tea leaves 
after treatment with mycelial wall extract of C.theae
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4.9.3. ConA-FITC binding of mycelia and cell wall

Cell walls were isolated from C theae and the isolated cell walls were further 

extracted with NaOH as described earlier. This preparation was further 

analysed by SDS- polyacrylamide gel electrophoresis and confirmed by 

binding with fluorescein labelled concanavalin A. Mycelia and isolated cell 

walls of C. theae were treated with FITC-labelled con A and observed under 

the microscope. Strong fluorescence was observed under the microscope in 

both the mycelia and cell wall of C. theae (Plate 6, figs A&B ). The 

occurrence of Con A binding substances in the cell walls confirmed the 

glycoprotein nature of mycelial wall of C. theae.

4.10. Analysis of host-parasite protein

4.10.1. Determination of levels of soluble proteins in healthy and 
inoculated tea leaves

Soluble proteins were extracted from healthy and artificially inoculated 

tea leaves of fifteen varieties and estimated Results have been presented in 

Table 17 and Figure 9. It reveals that in all the tested varieties protein content 

decreased following inoculation after 24 and 48h. Analysis of protein pattern 

by SDS-PAGE of four selected varieties ( TV-9, TV-20, TV-22 and TV-23 ) 

were done. Results have been presented in Plate 7 (Figure B). Protein pattern 

of healthy and infected leaves were more or less similar. No specific extra 

protein bands were visible. The molecular weights (kDa) of the proteins on gel 

were 98.0, 97.8, 87.6, 77.8, 40.2, 34.6, 29.0, 24.5, 21.8,16.1,16.6,13.5,12.2 for 

healthy leaves whereas for infected leaves the molecular weights were 97.8, 

86.7, 77.4, 40.2,29.0, 21.8, 16.8, 16.2, 16.1, 15.0,13.8 andl2.4.
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Plate 6 (F%k AJkB): Fluorescence of hyphae
(A) and iadated cdl walls (B) of C.theae after 
staining with FrrC-ConA
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Table 17 : Level of protein in healthy and C. theae inoculated tea leaves

Varieties Protein content ( mg / g tissue)

24h 48h

UPASI

H I H I

BSS-2 32.1311.3 21.5211.2 34.0711.1 23.8012.6

BSS-3 37.06±2.1 24.8011.1 39.6012.1 29.6012.3

UP-2 27.30+3.1 20.2012.7 30.0811.0 20.1011.8

UP-3 30.23±1.4 20.2010.3 31.6010.3 20.7711.2

UP-9 35.15±1.1 24.5011.0 36.5112.9 26.4612.0

UP-26

Tocklai

35.91±1.1 27.0013.1 37.1410.9 25.8813.8

TV-9 37.57±3.2 25.1711.9 40.7511.1 29.3012.2

TV-18 32.10±1.6 23.5012.1 33.6011.4 24.5012.1

TV-20 41.26±2.3 27.6411.1 43.1011.3 28.8710.3

TV-22 32.10±0.9 21.5010.7 32.95+2.1 22.0711.6

TV-23 34.2111.2 23.9010.2 35.2512.3 24.0711.5

TV-25 37.2011.3 25.9011.2 38.5311.2 27.8113.1

TV-26 41.1010.5 29.5311.6 41.5111.6 31.4712.1

TV-29 35.1111.1 24.5110.1 36.2211.3 26.2512.1

TeenAli

17/1/54

32.1312.5 23.5210.7 34.3311.6 25.9011.3

H = Healthy I = Inoculated with C. theae 
Average of five replicate/treatment



Protein content of healthy and C.theae inoculated tea leaves 87

40 

35 

30

I  25
99

B 15 

10

5

0
BSS-2 BSS-3 UP-2 UP-3 UP-9 

Tea varieties
■  Healthy 

□  Inoculated

UP-26 TV-9 TV-18 TV-20

Tea varieties

TV-22

45

40

35

3*

I 25
^  20 
E

15

10
5̂
0

TV-23 TV-25 TV-26 TV-29 T-17/1/54

Tea varieties

Fig.9



Mycelial proteins as well as proteins from the cell wall of C. theae were also 

analysed by SDS-PAGE . Results have been presented in Table 18 and Plate 7 

(Figure A). Total 12 protein bands were observed in when soluble proteins 

prepared from mycelia of C.theae were analysed in gel. Whereas 9 protein 

bands were visible when soluble protein preparation from cell wall of C.theae 

were resolved in SDS-PAGE.

4.10.2. SDS-PAGE analysis of mycelial and cell wall proteins of C.theae

Table 18 : Molecular weight of soluble proteins of mycelia and 

cell wall of Cntheae

Molecular weight ( kDa)

Mycelial protein Cell wall proteins

of C. theae of C.theae

99.0 68.0

98.5 60.5

97.8 55.5

97.0 45.5

68.0 38.4

63.0 25.7

55.5 23.3

48.0 17.7

38.4

29.1 -

20.8

19.2
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Plate 7 (Figs. A A B ): SDS-PAGE analysis of mycelial, cell wall 
proteins ofCorffcium/Aeae and tea leaf proteins (K)C.theae\ lane 
1 Molecular marker; lanes 2-4 Mycelia ; lanes 5-7 Cell wall
(B) Tea leaf, lane 1 Molecular marker, lanes 2,4 &6 Ifealthy ; lanes 
3,SA7 Inoculated with C.theae
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4.11. Detection of cross reactive antigens between Corticium theae 
and tea varieties

The presence of cross reactive antigens among plant host and pathogenic 

organisms is a well documented phenomenon. Existing studies on immuno- 

phytopathology suggests that whenever, an intimate and continuing association of 

host and pathogen occurs, partners of this association have a unique serological 

resemblance to one another involving one or more antigenic determinants. Antigen 

sharing between different cells has been of special interest because of its coincidence 

in compatible host-parasite relationship. It’s possible significance also has been 

implicated m cell to cell relationships of host and parasites. The presence of major 

cross reactive antigens (CRA) among plants and pathogenic organisms is a well 

established phenomenon. Using various immunological methods presence of CRA 

has been demonstrated between host and parasite. Earlier techniques like 

immunodiffusion and immunoelectrophoresis are being currently replaced by more 

advanced techniques like enzyme linked immunosorbent assay (ELISA) and 

immunofluorescence. In the present study, major cross reactive antigens (CRA) 

shared beween Corticium theae and Tea varieties ( Tocklai and UPASI) have been 

detected using immunodiffusion , ELISA and immunofluorescence. Series of 

experiments performed and results obtained have been presented below.

4.11.1 Immnodiffusion tests

The effectiveness of antigen preparations from C. theae (isolates Ct-1) and tea 

leaves ( TV-18 and TV-26 ) for raising polyclonal antibodies were checked by 

homologous cross reaction following agar gel double diffusion tests. Control sets 

involvmg normal sera and antigens of pathogen ( C. theae isolates, Ct-1 and Ct-2 ) 

and tea leaves ( TV-18 and TV-26 ) were all negative. When polyclonal antibody 

(PAb) raised against mycelial antigens of C. theae (Ct-1) was reacted with its own 

antigen and antigen o f another isolate (Ct-2), strong precipitin reaction occurred.
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( Table 19, Plate 8 fig A-C) . When PAb of C.theae was cross reacted with leaf 

antigens prepared from 15 tea varieties ( 6 UPASI and 9 Tocklai ) , 7 varieties 

( UPASI-2, UPASI-3, UPASI-9, BSS-2, TV-18, TV-22 and TV-23 ) exhibited strong 

precipitin bands in immunodiffusion tests. However, weak precipitin reactions were 

observed with antigens of other 6 varieties ( UPASI-26, BSS-3, TV-25, TV-26, TV- 

29 and TeenAli-17/1/54 ). No such preciptin bands were observed in case of leaf 

anigens prepared from 2 specific varieties ( TV-9 and TV-20 ) as well as leaf antigen 

preparation from one non-host plant viz. Oryza sativa and one non-pathogens of tea 

( Fusarium oxysporum).

Reciprocal cross reaction using PAb raised against TV-26 and antigens 

prepared from tea leaves of 15 variieties, one non-host and one non-pathogen species 

and two isolates of C.theae were also carried out. Results ( Table 20 ) revealed that 

none of the isolates of C.theae could develop any precipitin reaction with anti-TV26 

antiserum. Non-host species and non pathogen also failed to develop any precipitin 

band. Serological cross reactivity among UPASI and Tocklai varietes revealed by the 

appearance of precipitin bands in diffusion tests. However, strong bands were 

observed in case of UPASI-3, UPASI-9, TV-9, TV-18, TV-22, TV-23, and TV-25, 

while weak preciptin reactions were observed in case of UPAS-2, UPASI-26, BSS-2, 

BSS-3, TV-20, TV-26, TV-29 and Teenali-17/1/54.

To confirm the presence of common antigens between C.theae islates and tea 

varieties reciprocal cross reaction with PAb raised against TV-18 was also cariied out 

with leaf antigens of host and non-host as well as with mycelial antigens of pathogen 

isolates and non-pathogen. Results are presented in Table 20. Strong precipitin 

recations were observed in homologous reactions with most of the Tocklai varieties 

( TV-9, TV-18, TV-20, TV-22, TV-23, TV-26, TV-29 ) and four UPASI varieties 

( UPASI-2, UPASI-3, UPASI-26 and BSS-2). However, weak precipitin reactions 

were noticed in cross reactions between PAb of TV-18 and leaf antigens of UPASI-9, 

BSS-3, TV-25, and TeenAli-17/1/54. It is interesting to note that in this reciprocal 

cross reactions C. theae isolates Ct-1 gave strong precipitin bands while weak 

precipitin bands were noticed in reactions with mycelial antigens of isolate Ct-2 and 

PAb of TV-18. No precipitin reactions were observed when non-host and non

pathogen antigens were reacted with PAb of TV-18 in immunodiffusion test.
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Table 19 Detection of cross reactive antigens among Tea varieties and Corticium 
thea using agar gel double diffusion tests

Antigen of host and parasite PAb of Corticium theae

UPASI varieties
UPASI-2 +
UPASI-3 +
UPASI-9 +
UPASI-26 +
BSS-2 +
BSS-3 +

Tocklai varieties

TV-9 +
TV-18 _
TV-20 +
TV-22 +
TV-23 ±
TV-25 +
TV-26 +
TV-29 4-

TeenAli-17/1/54
1

Pathogen
C.theae isolate-Ctl J _

C.theae isolate-Ct2 +
Non -pathogen

Fusarium oxysporum 
Non-host

Oryza sativa
-

+ Common precipitin band present 
± Weak precipitin band present 

Common precipitin band absent
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Table 20 . Serological cross reactivity among different tea varieties and C.theae 
isolates following immunodififusion test

Tea leaf antigens Polyclonal antibody raised 
against tea leaf antigens

TV-26 TV-18

UPASI varieties
UPASI-2 + +

UPASI-3 + +

UPASI-9 + ±
UPASI-26 + +

BSS-2 ± +

BSS-3 ± ±
Tocklai varieties

TV-9
+ +

TV-18
+ +

TV-20
- f 4 -

TV-22
r

-4 -

TV-23
TV-25

+

1

+

- f

1

+

TV-26
TV-29 ± +

TeenAli-17/1/54 + +

± +

Pathogen
+C. theae iso late- Ct 1 -

C.theae isolate-Ct2 - ±
Non -pathogen

Fusarium oxysporum - -

Non-host
Oryza sativa - -

+ Common precipitin band present 
± Weak precipitin band present 
- Common precipitin band absent
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4.11.2. Direct antigen coated enzyme linked immunosorbent 

assay (DAC-ELISA)

With the introduction of enzyme linked immunosorbent assay (ELISA) for 

assaying plant viruses, serological methods have been used in agricultural 

research and practice. ELISA in now routined for detection and diagnosis of 

plant pathogens ( virus, bacteria and fungi ). Application to the study of 

bacteria and fungi came much later, presumably because other methods of 

diagnosis were available for this microorganisms and they are generally much 

more complex in their make up. In DAC- ELISA antigens are linked to solid 

carrier, after which the antibody is allowed to bind to the antigen. To this 

antigen-antibody complex, the conjugate ( an antibody conjugated to an 

enzyme) is added. Finally, a non coloured substrate is added which is 

converted to a coloured end product, which is generally detected by a reader. 

In the present study, DAC-ELISA formats has been used in all the 

experiments. Since ELISA depends on a number of factors and these varies 

from system to system, it was considered essential to optknize the conditions 

in this particular host ( t ea ) and pathogen ( C.theae ) system.

4.11.2.1. Optimization of ELIS A

Optimization of ELISA was done using IgG fraction of antisera raised 

against mycelial antigens of C.theae. Three variables such as enzyme dilution, 

dilutions of the antiserum and antigens were optimized. In all cases, ELISA 

reactions were carried out using PAb raised against C.theae (isolate Ct-1) and 

homologous antigens.

4.11.2.1.1. Enzyme dilution

In this study, antigen concentration ( 10 |4.g/ml ) and antiserum 

dilution ( 1:125 ) were kept constant, and different dilutions of enzyme
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( alkaline phosphatase ) were used ranging from 1:10,000 to 1:40,000. On the 

basis of results, 1:10,000 of alkaline phosphatase was selected for further 

experiments.

4.11.2.1.2. Antiserum dilution

PAb raised against C.theae (isolate Ct-1) were pooled in two batches. First 

bleeding and second bleeding were separately purified for IgG. These two batches of 

IgG were diluted ranging from 1:125 to 1:16,000 and then tested against homologous 

antigen ( mycelial antigen of Ct-1 isolate ) at a concentration of 10 |a,g/ml. Results are 

given in Table 21. Absorbance values in ELISA decreased from the dilution of 1:125 

to 1:16,000 prepared for IgG of first and second bleeding ( Fig 10 ). Highest 

absorbance value ( 2.14 ) was obtained with second bleeding whereas 1.78 was 

obtained with first bleeding at 1:125 dilution. In all serological assays IgG prepared 

from second bleeding was considered.

Table 21 : ELISA reaction with various dilution of ^nti-C.theae antiserum and 

homologous antigen

Antiserum dilution Absorbance at 405 nm 

First bleeding Second bleeding

1:125 1.782 ± 0.091 2.143 ±0.023

1:250 1.647 ±0.032 1.950 ±0.034

1:500 1.572±0.055 1.812 ±0.065

1:1000 1.393±0.052 1.781 ±0.044

1:2000 1.165±0.044 1,563 ±0.058

1:4000 0.921 ±0.009 1.493 ±0.011

1:8000 0.869 ±0.006 1.036 ±0.003

1:16000 0.756 ±0.012 0.962 ±0.017

± Standard error



Effect of dilution of anti -C.theae on ELISA reaction with homologous
mycelial antigen

96

Reciprocal antisernm dihitioB
*2nd bieedfa^ 
* 1st bkedng

Fig. 10
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4.11.2.1.3. Antigen dilution

Antigen dilutions of C.theae ranging from 10,000 ng/ml to 78 ng/ml were 

tested against two antisera dilutions ( 1:125 and 1:250 ). ELISA values increased with 

the concomitant increase of antigen concentration ( Table 22, Figure 11 ). Mycelial 

antigen concentrations as low as 78 ng/ml could also be easily detected by ELISA at 

both antisera dilutions.

Table 22 : ELISA reaction with various concentration of mycelial antigen

of CJheae and homologous antiserum

Antigen dilution 

(ng/ml)

Absorbance at 405 nm 

Antisera dilution (Second bleeding) 

1:125 1:250

10000 2.203± 0.081 1.986± 0.045

5000 1.961 ±0.074 1.755±0.023

2500 1.652±0.064 1.433+0.033

1250 1.230±0.066 1.026±0.009

625 0.945±0.007 0.783±0.014

312 0.892±0.005 0.622±0.009

156 0.714±0.006 0.535+0.012

78 0.634+0.017 0.507+0.007

± Standard error 

Enzyme dilution = 1:10,000
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4.11.2.2. Comparison of ELISA reactivity among antigens of different 

tea varieties against antiserum of C.theae

Among 15 tea varieties tested for varietal resistance towards C.theae, diferental 

responses were obtained. Certain varieties were found to be highly susceptible, while 

others were moderately susceptible or moderately resistant. Disease development to 

some extent was visible in all the varieties tested. However, in biochemical analysis a 

defmite conclusion has been drawn with reference to their antifungal properties, 

mainly antifungal phenohcs for the development of resistant reaction toward C.theae. 

Conventional techniques for determination of host resistance or susceptibility are 

being replaced by more rapid, sensitive and reproducible modern serological 

techniques. Detection of pathogen in plant tissue in soil even before appearance of 

the disease symptom has become routine practice now a days in different agricultural 

station. It was therefore considered to fmd out serological cross reactivity of all the 

tea varieties against the pathogen (C.theae) using DAC-ELISA formats.

Tea leaf Antigens were prepared from 6 UPASI varieties ( UPASI-2, 

UPASI-3, UPASI-9, UPASI-26, BSS-2, BSS-3) and 9 Tocklai varieties ( TV-9, TV- 

18, TV-20, TV-22, TV-23, TV-25, TV-26, TV-29 and TeenAli-17/1/54) , leaf 

antigens of non-host (O.sativa ), mycehal and cell wall antigens two isolates of 

C.theae and non-pathogen (F.oxysporum). All of these antigens at a concentration of 

40 )ig/ml were tested against 1:250 dilution of PAb raised against C.theae 

(isolate Ct-1) by using DAC-ELISA formats. Experiments were repeated thrice 

keeping same concentrations o f antigens and antisera under same incubation 

conditions. Results have been presented in ( Table 23 and Fig. 12 )

Reciprocal cross reaction involving antisera of TV-18 and TV-26 and antigen 

preparations from all fifteen tea varieties, two isolates of C.theae , non host and non 

pathogen were studied using DAC-ELISA formats. Results have been presented in 

Table 24 and Figures 13 and 14. Susceptible varieties showed positive reaction and 

highest absorbance values were detected in these cases. Whereas resistant varieties 

exhibited lower absorbance value than resistant varieties. Absorbance for the non host 

and non pathogen antigen prepartion with these antisera were always found to be low.
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Table 23 Indirect ELISA values (A 405 nm) of leaf antigens (host and non

host) and mycelial antigens (pathogen and non-pathogen) 

reacted with PAb raised against CJheae (isolate Ct-1)

Antigens of host and 

parasite (40 ^ g/ml)

Polyclonal antibody of C.theae 

Dilutions 

1: 125 1:250

U PA SI-2 1.432± 1.325±

UPASI-3 1.119± 1.004±

UPASI-9 1.653± 1.472±

UPASI-26 1.115± 0.989±

BSS-2 1.103± 0.875±

BSS-3 0.973± 0.885+

TV-9 0.566± 0.423±

TV-18 1.448± 1.128+

TV-20 0.492+ 0.421±

TV-22 1.455± 1.223±

TV-23 1.723± 1.574±

TV-25 1.204± 1.041±

TV-26 0.998+ 0.8211

TV-29 0.876± 0.711±

TeenAli-17/1/54 1.025+ 0.951±

Pathogen

C.theae (isolate Ct-1) 2.801± 2.114 ±

C.theae (isolate Ct-2) 2.032± 1.706 ±

Non-pathogen

F.oxysporum 0.471+ 0.267±

Non-host

O.sativa 0.330± 0.205±
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Table 24: Indirect ELISA values (A 405 nm) of leaf antigens (host and non

host) and mycelial antigens ( pathogen and non-pathogen) 

reacted with PAb raised against tea leaf antigens (TV-26 and TV-18)

Antigens of host and Antisera of tea varieties (1:125 dilution )

parasite (40 |i g/mi) TV-26 TV-18

Tea varieties

U PA SI-2 1.132± 1.217±

UPASI-3 1.149± 1.044±

UPASI-9 1.614± 1.734±

UPASI-26 1.135 + 1.239+

BSS-2 0.998± 1.384±

BSS-3 0.977± 0.926±

TV-9 0.566± 0.995±

TV-18 1.448+ 1.868±

TV-20 0.892± 1.112±

TV-22 1.455± 0.992+

TV-23 1.723± 1.046±

TV-25 1.204+ 0.897+

TV-26 1.982± 1.075±

TV-29 1.876± 1.028±

TeenAli-17/1/54 1.145± 0.912±

Pathogen

C.theae (isolate Ct-1) 0.577+ 0.924 ±

C.theae (isolate Ct-2) 0.4821 0.839 ±

Non-pathogen

F.oxysporum 0.271+ 0.265±

Non-host

O.sativa 0.323± 0216±
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®
Plate 8(F1gs. A -F ): Serological assays with antigens and antisera of host (tea leaf )and parasite 
(C.theae). (A-C) ImmunodifiFiision test with antisera of C.theae{Ai&C) and tea leaf (B) in the 
central well (7) and antigens in peripheral wells (1-6). A: mycelial antigens (1-6); B: leaf antigens 
of TV-18 (1-6), C: TV-18(6), TV-26 (5), TrenAli (4), non-host (3), and non-pathogen (1&2). (D) 
Immunofluorescence of C.theae mycelia treated with antisera of C.theae (isolate Ct-1) followed 
by FITC labelling. (E&F) Dot-blot assay with antigens of tea leaves and mycelial antigens of 
C.theae reacted with anti-C.theae antiserum. (E) Antigens of isolate Ct-1 (9 ); TV-18 (1), TV- 
23(2), TV-22 (3), UPASI-2 (4), TV-9(5), TV-20 (6), BSS-2 (7), TV-29 (8) and (F) Antigens of 
a -2  (1), TV-18(2), UPASI-3 (3), TV-20 (5) BSS-3 (6), TeenAli-17 (7), TV-25 (8) and TV-9 (9).
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4.11.2.3. Detection of C.theae in tea leaf tissue by DAC-ELISA

The efficacy of the antiserum raised against C.theae were tested for its ability to 

detect the pathogen in infected tissue by DAC-ELISA. For this experiment the 

leaves were artificially inoculated with C.theae and incubated for 48h. After that 

antigens were prepared from healthy as well as infected tea leaves of five 

varieties and tested by using DAC-ELISA formats. Results have been presented 

in Table 25. Higher absorbance values were recorded in all the tested varieties 

after 48 h of inoculation in comparison to healthy leaf antigens.

Table 25 : Absorbance values in DAC-ELISA for reactions of antiserum of 

C.theae with healthy and inoculated tea leaf antigen.

Antigens

(40ng/ml)

Absorbance values at A 405

Healthy Inoculated

TV-18 L423±0.12 1.889±0.17

TV-22 1.434+0.22 1.763±0.07

UPASI-2 1.348±0.42 1.712±0.09

BSS-2 1.103+0.22 1.648+0.14

TV-23 1.723±0.52 1.973±0.12

4.11.2.4. Detection of C.theae by Dot blot
The antigen preparations were spotted on nitrocellulose paper carefiilly and 

tagged with antiserum of C.theae. Finally probed with the conjugates. Results have 

been presented in Plate 8 (figures E&F). Clear and intense colour reactions were 

observed in case o f mycelial antigens preapred from both the isolates (Ct-1 and Ct-2) 

and alongwith that the leaf antigens preapred from susceptible varieties.
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4.12. Cellular location of CRA using immunofluorescence

Fluorescent antibody labelling with FITC is known to be one of the 

powerful techniques to determine the cell or tissue location of major cross 

reactive antigens (CRA) shared by host and parasite. In the present study 

following immunodiffusion, DAC-ELISA as well as Dot-blot the presence 

of CRA shared by Camellia sinensis and C.theae has been detected. It was 

decided to determine the tissue and cellular location of CRA in tea leaf 

tissue as well as mycelia and sclerotia of C.theae.

4.12.1. Tea leaf tissue
Cross sections o f tea leaves (TV-22 and TV-23) were treated separately 

with normal serum, homologous and pathogen antisera, then reacted with 

FITC.Leaf sections exhibited a natural autofluorescence under UV light on 

the cuticle ( Plate 9, figure A ). Same observation was noted when the leaf 

sections were treated with normal serum and FITC. Leaf sections treated 

with antiserum of C.theae and then reacted with FITC developed bright 

fluorescence which was distributed throughout the leaf tissue, mainly in the 

epidermal and mesophyll tissues ( Plate 9, figures B&C).

4.12.2. Mycelia
Mycelia o f both the isolates were not auto-fluorescent nor did they 

fluoresce when treated with normal serum followed by FITC. Treatment of 

mycelia o f C.theae with homolgous antiserum and FITC showed a general 

fluorescence that was more intense on young hyphal tips ( Plate 8, figure D).

4.12.3. Sclerotia

Sclerotia of both the isolates were also not auto-fluorescent nor did they 

fluoresce when treated with normal serum followed by FITC. Treatment of 

young germinated sclerotia of C.theae with homolgous antiserum and FITC 

showed a general fluorescence that was also more intense on young hyphal 

tips ( Plate 10).
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Phrtc 9 (FIgk A-C) tFITC antibody stainmg of tea leaf tissues 
(TV-23) for cross reactive antigens shared with C.tktae. 
(A) Aulofluoresoenccofimstainedleafsection;(BftC) leaf section 
trealed with antisenm of C.Oieae and FTTC Mrtibodies of goat spe
cific for rabbit globulin.
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One of the most complex biological processes occurring in nature is host parasite 

interaction both at the cellular and sub-cellular level. If the microorganism is successful, 

disease is the end result; but more often than not, the host emerges the winner as the 

invader is successfully warded off. Plants therefore have highly well developed defence 

mechanism which enable them to defend themselves agains penetration, intracellular 

growth and the development of parasites in their tissues. The basis for this resistance 

agamst microbial attack is a plants’ chemical defense consisting of both preiorred and 

post-infectional ones. Preformed defenses are often regarded as general or unspecific as 

compared to inducible defense systems which are highly specific.

In the present investigation, at the onset, pathogenicity test of Corticium theae was 

carried out on detached leaves and cut shoots of fifteen tea varieties released by Tocklai 

experimental Station, Jorhat, Assam and UPASI Tea Research Centre,Valparai, Tamil 

Nadu. Detached leaves as well as cut shoots gave satisfactory results. C. theae was most 

virulent on TV-22, TV-23 least on TV-9 and TV-20. The results of pathogenicity tests 

performed on detached leaves of tea varieties corresponded to the same degree of 

resistance as determined by cut shoot methods. Yanase and Takeda (1987) also used cut 

shoot method to detect the resistance of tea plant to grey blight disease caused by 

Pestalotia longiseta.

Polyphenolic are major constituents of tea leaves and as such it is expected that they 

would be affected by the different abiotic and biotic stresses. In case of temperature stress 

it was observed that there was a correlation between the inherent phenol content in the tea 

variety and its increase following exposure to elevated temperatures. In general, m those 

varieies with high inherent phenol content, accumulation of phenols kept increasing till 

50°C. A wide variation in the phenol contents in the different tea varieties was also 
evident. ( Chakraborty el.al. 2001). The observed trend could be explained by the fact 

that phenols are considered to be involved in plant’s defense to various stresses. When 

subjected to temperature stress, varieties with low inherent phenol content increased its 

accumulation while those that already had a higher content did not have to increase 
synthesis. In case of tea, polyphenols are also known to vary seasonally ( Zakoskiva 

et.aL, 1991). Thus phenol biosynthesis ssems to be well regulated to help the tea plant to 

overcome various stresses. Similarly, in case of drought too, phenol content mcreased 

initially up to 8 days of stress after which there was a decline ( Chakraborty et.al., 2001 )
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Alteration of phenol metabolism following infection has been observed in many 

diseases and phenolics have been implicated in the defense reaction in several instances. 

(Friends (1977; Baker et al., 1989; Mahadevan, 1991). There is often a greater increase in 

phenolic biosynthesis in resistant host species than in susceptible host and it is sometimes 

postulated that the increase in phenolic compounds is part of the resistance mechanism. 

Some of these compounds are toxic to pathogenic and non-pathogenic ftingi and have 

been considered to play an important role in disease resistance. The involvement of 

phenol in the defence strategies of tea plants against foliar fungal pathogens e.g Bipolaris 

carbonum, Pestalotiopsis theae, Glomerella cingulata has been described by Chakraborty 

et a l, (1995a), and Chakraborty et.al (1996). Biochemical responses to tea plants 

growing in Darjeeling hills exposed to biotic stress due to blister blight infection caused 

by Exobasidium vexans in the levels of phenols and enzyme activities were studied by 

Chakraborty et.al (2002). In the present study, the levels of phenolics in leaves of 

resistant and susceptible tea varieties were estimated after 48h of inoculation with C. 

theae. Host responses could be differentiated by changes in content of phenolic 

compounds. Both the total phenol and orthodihydroxy phenol content increased in 

resistant varieties but decreased in susceptible varieties in comparison to their healthy 

controls.

Present results substantiate the fmdings of previous workers who have also recorded 

similar results. Sridhar and Ou (1974) reported diffences in total phenolics accumulation 

in the interaction of Pyricularia oryzae with rice. Purushothaman (1974) also reported 

that the resistant rice cultivar synthesized more phenol, when inoculated with 

Xanthomonas campestris pvr. oryzae, than the susceptible one. Hammerschmidt and 

Nicholson (1977) demostrated a clear difference between resistant and susceptible 

interaction of maize to Colletotrichum graminicola based on accumulation of phenols. 

However , no differences were found in the phenolic content in the interaction o f  

Helminthosporium maydis race T with N and T cytoplasms of a single maize genotype 

(Maori et al., 1974). On the other hand, a resistant cotton cultivar contained fairly high 

amount of total as well as orthodihydroxy phenol than susceptible cultivar. After 

inoculation with Xanthomonas campestris pr. malvacearum, total and orthodihydroxy 

phenol increased in resistant interaction, whereas, it decreased in susceptible interaction 

(Borkar and Verma 1991). In the present study, greater accumulation of orthodihydroxy 

phenol in resistant interaction of C. theae and tea varieties indicated that this may play a
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role in disease resistance mechanism. Eswaran (1971) has also considered hat 

orthodihydroxy phenols play a major role in disease resistance and disease development. 

They are easily odixized to highly reactive quinones which are effective inhibitors of 

sulphydryl enzymes, thereby preventing the methabolic activities of host and parasite 

cells (Kalaichelvan and Mahadevan, 1988). There are ample evidences that an increased 

production of phenolic compounds are involved in phytoalexin accumulation (Mansfield 

et al., 1974; Langcake and Prycel976, Langcake and McCarthy 1979; Holliday et al., 

1981; Pierce and Ersenberg, 1987; Baker et a l, 1989, Nagahulla et.al,1996 ).

In the present investigation, diffusate were collected from the adaxial surface of the 

leaves of resistant (TV-9, TV-20) and susceptible (TV-22, TV-23) varieties after 48h of 

incubation following drop diffusate method and their biological activities were evaluated 

on spore germination and germ tube length of G. cingulata and sclerotial germination of 

C. theae. The diffusates collected from the leaves of resistant tea varieties were more 

flingitoxic than those from the susceptible varieties. Fungitoxicity of leaf diffusates has 

been implicated on natural defense mechanism of plants against attack by fungal 

pathogens in several instances (Purkayastha and Ray, 1975; Mukhopadhyay and 

Purkayastha, 1981; Sinha and Hait, 1982; Purkayastha and Ghosh 1983, Purkayastha et 

al. 1983; Hait and Sinha, 1986; Chakraborty and Saha, 1989). Although the drop 

diffusate method has often been criticised as biologically unnatural, the advantage it has 

over other techniques is that a relatively pure phytoalexin preparation can be obtained 

without maceration of the plant tissues. However, unstable phytoalexins might 

decompose during isolation. On the other hand diffusates do not give any mdication of 

the phytoalexin concentrations within inoculated tissue. Moreover phytoalexins which are 

not diffusible into the inoculum droplet also cannot be detected by this method.

Hence, facilitated diffusion technique as suggested by Keen (1978) was followed to 

detect the antifungal substance (phytoalexin) from tea leaves inoculated with C. theae. 

On the ‘Chromatogram Inhibition-Assay’ two compounds 1 and II at Rf 0.62 and 0.56 

respectively were found to be flingitoxic against Curvularia lunata. However compound 

I could be detected mainly from the healthy tea leaf extracts o f all the four varieties tested 

which exhibited prominent inhibition zone on TLC plate and showed the highest 

fungitoxic activity in the spore germination assay. No such flingitoxic activity was 

evident on TLC plate in leaf extracts from susceptible variety (TV-22 and TV-23) 

inoculated with C. theae, but traces o f the inhibition zone was evident m resistant 

varieties (TV-9 and TV-20) even after 48h of inoculation. R f value and colour reaction of
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this antifungal compound corresponded with catechin. Catechins are flavon-3 ols with 

two hydoxyl groups in the side ring. These include galhc acid esters with the acid moiety 

attached to the hydroxyl groups. Kawamura and Takeo (1989) showed the antimicrobial 

activity of tea catechin towards Streptococcus mutans. Wang (1991) have reported the 

presence of four forms of catechins such as, (-) epicatechin (EC), (-) epicatechin gallate 

(ECG), (-) epigallocatechin (EGC) and (-) epigallocatechingallate (EGCG). Chakraborty 

and Saha (1994) reported the presence of antifiingal catechins in healthy leaf extracts, 

which, they averred, had been broken down to catechol in the infected (with Bipolaris 

carbonum ) leaves. Nagahulla et.al. (1996) reported the production of antifongai 

compounds in tea leaves following infection with blister pathogtn{Exohasidium vexans ). 

HPLC analysis of the catechins from healthy and blister infected tea leaves showed little 

qualitative differences but, some quantitative changes. (Chakraborty et.al, 2002).

The compound II showed positive colour reaction of phenolics with the chromogenic 

sprays on TLC plates at Rf 0.56 and exhibited prominent inhibition zone in TLC plate 

bioassay as well as inhibited markedly the spore germination of G. cingulata. This 

compound was identical to an authentic pyrocatechol as determined by thin layer 

chromatography and UV-spectrophotometry. It is known that catechin is oxidatively 

cleaved to some simpler phenols and phenolic acids like catechol, phloroglucinol and 

protocatechuic acid. Sambandam et al., (1982) isolated an enzyme (catechin 2-3 

dioxygensis) from Chaetomium cupreum which cleaved catechin into simpler phenols. It 

is not unreasonable to speculate that the antifiingal compound cleaved to some simpler 

phenols in the present study. In the susceptible variety, the breakdown of catechin was 

almost complete while traces were evident m the resistant variety even after 48h of 

inoculation. Accumulation of catechol in resistant varieties increased significantly (484- 

610fig/g fresh wt.) after 48h of inoculation with C.theae Concentration of this compound 

in healthy leaf tissue is very low (71-96 (ag/g fresh wt.). Accumulation of pyrocatechol in 
susceptible variety was not greater than the resistant ones even though complete 

breakdown of catechin was detected in the former case. Increased level of pyrocatechol 

may be associated with the differential host responses to disease production.

Two phenolic antifiingal compounds in leaf diffiisates and water extracts of maize 

leaves after inoculation with Helminthosporium turcicum have been demostrated by Lim 

et al., (1970). However Hammerschmidt and Nicholson (1977) reported accumulation of
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three phenolic compounds in maize leaves after inoculation with Colletotrichum 

graminicola which increased earlier in the resistant interaction than in the susceptible 

one. Two of these three compounds inhibited the germination of C. graminicola spores in 

vitro. Role of phenolic metabolism in the resistance of maize to Helminthosporium 

carbonum have been investigated by Werder and Kern (1985). Accumulation of 

antifungal compounds in tea leaf tissue infected with Bipolaris carbonum has also been 

discussed by Chakraborty and Saha (1994a). Resistant varieties accumulated more 

pyrocatechol than the susceptible varieties 2 days after inoculation with B. carbonum.

Although less in known with certainty about the specific recognational events that 

predict incompatible host-pathogen interaction, considerable genetic and biochemical 

evidence indicates that constitutive specificity imparting molecules must exist in the 

incompatible pathogen and the resistant host plants that dictate the ultimate accumulation 

of antifungal compound at the infection site (Albersheim and Anderson -Prouty, 1975; 

Keen and Bruegger, 1977), Cell recognition has been defined as the initial event of cell

cell communication which elicits morphological, physiological and biochemical response 

(Clarke and Knox, 1978). Surface molecules of eukaryote cells have been involved in 

cell-cell recognition and/or adhesion and as receptors for various effects (Snary and 

Hudson, 1979). Many of these specificity imparting molecules are glycoproteins, and 

fungi are knwon to possess them on their cell-walls and plasma membranes (Keen and 

Legrand, 1980; Ransom et al., (1992). In this study, C. theae was fovmd to elicit greater 

amount of antifungal compound in the resistant varieties than the susceptible ones. Cell- 

wall was isolated fi'om mycelia of C. theae and their role in host response and elicitation 

of antifungal compound were determined. Finally the chemical nature of mycelial wall 

extract was confirmed by ConA-FITC binding as glycoprotein. When these mycelial wall 

extracts were mounted on the adaxial surface of tea leaves of resistant variety (TV-9, TV- 

20) they elicited a similar response to that shown by the spore suspension In subsequent 

experiments mycelial wall extract also elicited production of antifungal compound in tea 

leaves. Keen and Legrand (1980) isolated two low molecular weight (14 and 34 kD) 

surface glycoprotein from the cell wall o f Phytophthora megasperma f  sp. glyicinea 

which were involved in phytoalexin elicitation. Ricci et al., (1992) demonstrated that P. 

parasitica could be differentiated on the basis of their ability to produce a proteinaceous 

elicitor active on tobacco and of their pathogenicity to tobacco and there is relationship 

between these two properties. Isolation of mycelial wall fi-om Drechslera longistrata and 

its characterization as polysaccharide was also reported by Kumar et al., (1993) which
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elicited glyceollin production. Results o f this investigation along with those of other 

workers clearly demonstrate that the walls o f C theae contain glycoprotein which have a 

role to play in the initial recognition leading to the activation of the defense mechanisms 

by accumulating the antifiingal compounds.
. In initial stage of infection at the cellular level the exchange of molecular signals 

between host and parasite is considered to be one of the mechanisms resulting in the 

specificity of such interactions. The genetic information contained in nucleic acid is 

expressed in the cell via protein synthesis. Several proteins function as enzymes in the 

methabolic pathways which synthesize or breakdown cellular components. When plants 

containing various kinds of proteins are infected by pathogens, the proteins in the 

penetrated plant cells are changed chemically and physically. Some enzymatic proteins 

are also produced in penetrated cells by the pathogens themselves. Thus qualitative and 

quantitative changes in proteins are related to both plant and pathogen (Uritani, 1971).

Jones and Hartley (1999) proposed a protein competition model for predicting total 

phenolic allocations and concentration in leaves of terrestrial higher plants. They 

suggested that protein and phenol synthesis compete for the common limiting resource- 

phenylalanine and hence protein and phenolic allocations are inversely correlated. The 

observed increase in phenolic concentration with a decrease in protein concentration in 

the present study could be explained by the above model.

In the present investigation changes in the protein content was noted m the C. theae 

inoculated leaves of susceptible varieties in relation to their healthy control. Increased 

protein level was also detected after infection of susceptible bean leaves by Uromyces 

phaseoli (Staples and Stalmann, 1964). Similar fmdings were reported by other workers 

(Tomiyama, 1966; Daly, 1972; Ouchi et al. 1974). They suggested that in case of 

compatible combination, changes in protein configuration in the host may indicate the 

host’s accessibility to the pathogen which is related to susceptibility. The greater 

accumulation of protein in susceptible host after inoculation could be attributed to the 

total proteins of both host and parasite. However, it is difficult to separate the relative 
contribution of host and parasite to the total protein content.

It is evident from the above statement that some changes occur in proteins of 

infected plants. However, these changes are not always significant. Sometknes protem 

content of the host remains more or less similar even after inoculation but isozyme 

pattern may change. Changes in protein patterns in barley leaves after infection with 

Erysiphe graminis f. sp. hordei was detected by polyacrylamide gel electrophoretic study,
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but no change could be detected in total bulTer soluble protein content ol'mildew inlected 

barley leaves in comparison with healthy control (Johnson et al., 1966). In the present 

investigation protein pattern of healthy and T. theac inoculated leaves of resistant TV-9- 

i’V-20, and susceptible (TV-22 and TV-23), varieties were evaluated by SDS- 

I’olyacrylaniide gel electrophoresis. (haac inoculutcd leaves exhibited no additional 

protein bands. However, Uritani and Stahman (1961) reported that sweet potato infected 

by Ccratocystis fimhriala produced new proteins in both resistant and susceptible 

varieties. Similarly, Sako and Stahman (1972) also detected five new isozyme band viz., 

acetyl esterase acid phosphatase malate dehydrogenase, succinate dehydrogenase and 

peroxidase in the susceptible line of barley alter infection by Erysipiw uniminis f sp. 

hordei.
The interaction betweci) Cladosporium julvum  and lonuito has been used as a model 

system by Joosten and Dewit (1988) to study the accumulation of host, pathogen, and 

interaction-specific proteins in leaf apoplastic fluids from compatible and incompatible 

combination. lUectrophoresis of apoplastic fluids under low pH and non-denaturing 

conditions revealed one protein which was present in all compatible interactions studied, 

but not incompatible interactions nor in un inoculated controls. Purification of this 

protein from the apoplastic fluids from several compatible interactions was achieved by 

ion-exchange chromatography on CM-Sephadex followed by chromatofocusing. The 

purified protein migrated on SDS-polyacrykunide gels as one bund with iin cstiniatcii 

molecular mass of 14 kD. Antibodies obtained by injecting the purified protein, bound to 

nitrocellulose, into rabbits had high affinity for the protein on western blots and little or 

no interactions with other protein bands. In compatible C. fiihim-iomaio interactions the 

protein could be detected in apoplastic fluid 8 days after inoculation. The protein was not 

detected in the mycelium or culture filtrates obtained from C. fulvum grown in culturc nor 

in apoplastic fluids from tomato leaves inoculated with the tomato strain o f Phytophthora 
infestans. Furthermore, it was not detectable in old tomato leaves.

Advances made in the formulation of concepts and techniques of modern, 

quantitative cell biology in recent years have paved the way for a basic understanding of 

the physiology and biochemistry of plant host pathogen interactions. Difference in 

physiological responses and morphological structures of various host genotypes affect 

their susceptibility or resistance to invasion and its consequence while similar variation in 

pathogens influence their growth rate and virirlencc .



The success or failure of infection is determined by the dynamic competition and the 

Hnal out comc is determined by the sum of favourable and unfavourable conditions I'or 

both (lie pathogen and host cells. At the same lime Ihc |K)lcnlial hosi iiuiy Ix- able lo 

detect or recognize a Inngal pathogen and use the initial act of recognition to trigger a 

range of induced resistance (Callow, 1982, 1983; Purkayastha 1994).The initial cellular 

recognition is followed by communication between its comiioncnts. I bis cxcbangc ol 

information is generally mediated by soluble antigens located on or near the cell surlacc 

(Chakraborty, 1988). In the present study varietal resistance tests of 15 varieties of tea 

released by Tocklai Experimental Station, Jorhat, Assam, and UPASI Tea Reserch 

Centre, Valparai, Tamilnadu, against the black rot pathogen, Corticium ihcuc was carried 

out by artificially inoculating the plants with C. theae. Of the 15 varieties Icstcd, TV-22 

and TV-23 were found to be most susceptible while TV-9 and TV-20 were found to be 

most resistant.

The significance of antigenic relationship between plant hosts and pathogenic 

organisms with regard to disease susceptibility has been recognized by many investigator 

Parasitic relationship can only be established if the host recognizes the pathogen on one 

hand and the pathogen can overcome the various defence mechanisms of the host, on the 

other hand Whenever an intimate and continuing association of cells of host and 

pathogen occur it has been observed that partners of this association have unique 

.serological rcscmblancc lo one aiiolhcr involving one or moic aniigcnic dfltTiniiianls, 

The presence of crossreactive antigens (CRA) between plant host and their parasites and 

the concept that these antigens might be involved in determining the degree of 

compatibility in such interactions have been discussed by several authors (DeVay et. al, 

1972; DeVay and Adler 1976; Kalyana Sundaram, 1978; Chakraborty, 1988; 
Purkayastha, 1994).

In the present study, leaf antigens ul’ 15 tea varieties 1 non host (O. .salivd) and one 

non pathogen of tea (F.oxysporum) were cross reacted separately with anti C. theae 

antiserum. Presence of CRA between C theae and tea varieties ( UPASI-2, UPASI-3, 
UPASI-9, BSS-2, TV-18, l ’V-22 and TV-23) were evident in immune diffusion test. 

However, weak precipitation reaction was observed with antigens of tea varieties 

( UPASI-26, BSS-3, TeenAli-17/1/54, TV-25, TV-26, TV-29 ). No common antigenic 

substance was found between C. theae and other varieties. The presence of CRA and 

their involvements in various host parasite combinations have been demonstrated. These 

are cotton and Verticillium alhoatrum (Charudattan and DcVay, 1972) Colton and
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Fusarium oxysporum f. sp. vasinfectum (Charudattan and DeVay, 1970; Kalyana 

Sundaram et., al., (1975), sweet potato and Ceratocystis fimbriatae (DeVay et.al., (1976). 

potato and Phytophthora infestans (Palmerley and Callow, 1978, Alba and DeVay, 

1985), Soybean and Macrophomim phaseolina (Chakraborty and Purkayastha , 1983), 

soybean and Colletorichum dematium (Purkayastha and Banerjee, 1986), Soybean and 

Myrothecium roridum (Ghosh and Purkayastha, 1990 Soybean and Fusarium oxysporum 

Chakraborty etal 1997) coffee and Hemiliea vastafrix (Alba et. al., 1983), groundnut and 

Macrophomina phaseolina (Purkayastha and Pradhan. 19994). Tea and Bipolaris 

carbonum (Chakraborty and Saha, 1994), Tea and Pestalotiopsis theae (Chakraborty et 

al., 1995). Tea and Glomerella cingulata (Chakraborty et al., 2002).

Enzyme linked immunosorbent assay is probably one of the most sensitive 

serological techniques for the detection of cross reactive antigens. (Alba and DeVay, 

1985; Chakraborty and Saha , 1994). In the present study polyclonl antibody was raised 

against C. theae. The antisera obtained were purified to minimize non specific binding. 

At the beginning, the sensitivity of the assay was optimized. Homologous soluble 

antigens at concentration as low as 25ng/ml could be detected in indirect ELISA. 

Absorbance values decreased with increase in dilutions. Chakraborty et. al., (1996) also 

reported that antiserum raised against Pestalotipisis theae could detect homologus 

antigen at 25ng/ml. Antiserum dilution of upto 1:16,000 was effective tor detections.

In the present study indirect ELISA readily detected CRA between tea leaf antigens 

and C. theae at a concentration of 1:250 antiserum dilution. Alba and DeVay (1985) also 

detected CRA in crude preparations and in purified preparations from mycelia of 

Phytophthora infestans (races 4 and 1.2.3.4.7.) using antisera of two potato cultivars 

(King Edward and Pentland Dell) at concentrations lower than 50 p,g/ml protein in 

indirect ELISA. Among the 15 tea varieties tested with PAb of C. theae, very high 

absorbance values were obtained in case UPASI-3 TV-22, TV-23, TV-18, UPASI-2 and 

BSS-2 and TV-20, TV-26, BSS-3 showed very low absorbance values.

Visible outcome of a compatible host pathogen interaction may be obtained in many 

case only after few days of infection, by which time the pathogen would be well 

established in the host tissues. In phytopathology studies, therefore, it is necessary to 

have techniques by which pathogen can be detected at a very early stage. Recent trends 

have developed highly specific techniques for the detection of pathogen at a very early 

stage (Hansen and Wick, 1993). Various formats of ELISA using polyclonal antiserum 

has found widespread application in plant pathology and are routinely used for detection



and identification purposes ( Clark, 1981; Lyons and UTiite, 1992; Chakraborty et al. 

1995, Chakraborty et. a l, 1996, Chakraborty et.al. 2002 ). In the present study, the 

differential response of four tea varieties to C. theae has been observed through Indirect 

ELISA following artificial inoculation of tea leaves.

Present study has established the importance of CRA shared between C. theae and 

tea varieties which has strengthen the findings of previous workers ( DeVay and Adler, 

1976; Chakraborty and Purkayastha, 1983; Chakraborty and Saha, 1994b; Chakraborty 

et. al. 1995, 1997) It is also important in the studies on host parasite relationship to 

determine the cellular location of the CRA. For this purpose in this study, Fluorescence 

tests were conducted with cross sections of tea leaves, and mycelia and sclerotia of 

C. theae Cross sections of healthy tea leaves TV-23, UPASI-3 and TV-22 were treated 

with anti C. theae antiserum followed by staining with FITC conjugated anti rabbit 

globulin specific goat antiserum. Bright fluorescence was observed in the cross section of 

all these varieties of tea leaves. DeVay et al. (1981) determined the tissue and cellular 

location of major CRA shared by cotton and F. oxysporum f  sp. vasinfectum. 

Chakraborty and Saha (1994b) also showed the cellular location of CRA in tea leaf 

tissues shared by three foliar fungal pathogens such as Bipolaris carbonum ( Chakraborty 

and Saha, 1994); Pestalotiopsis theae (Chakraborty et.al. 1995) and Exobasidium vexans 

(Chakraborty et. al., 1997a), cellular location of CRA shared by Fusarium oxysporum in 

soybean root tissue ( Chakraborty et.al, 1997 b)

Detection of pathogen in host tissues using antibody based immunofluorescent 

technique has been reported by several previous authors (Wamock, 1973; Homok and 

Jagicza, (1973; Reddy and Ananthanarayan, 1984). Dewey et. al. (1984) suggested, on 

the basis of immunofluorescence studies that chlamydospores, basidiospores and mycelia 

of Phaseolus Schweinitzii contained molecules antige nically related to species specific 

antigens secreted by mycelia grown in hquid culture. They also demonstrated the 
presence of mycelium and chalmy dospores in naturally and artificially infested soil 

samples, using this technique. Different test formats including indirect ELISA, Western 

blotting, dot blot and indirect immunofluorescence was assessed by Wakeham and White 

(1996) for their potential to detect resting spores of Plasmodiophora brassica in soil.

The dot immunobinding technique has been found to be rapid and sensitive method 

for detection of viruses and plant pathogenic bacteria. Detection of fungal pathogens is a 

more recent application of these methods. Antiserum specificity obtained against fungal 

pathogen varied greatly in the studies done by Lange et. al., 1989. The antiserum against
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P. hrassicae resting spores used in their study showed no cross reaction with other 

common rest pathogens {Fydiium ullimuni, R. soUmi, anti /', oxysporum), iind did nol 

cross react with resting spores of Polymyxabetae, which is also a member of the 

Plasmodiophoraceae. In the present study, antigens were prepared from black rot infected 

tea leaf o f Kalishpur tea estate. Healthy tea leaves and artificially inoculated tea leaves 

with C theae were tested on nitrocellulose paper. Infected and artificially inoculated leaf 

antigens gave intense dot when compared to the healthy control confirming the presence 

of fiingal pathogens.Complex mixtures of antigens can be quickly and easily separated by 

high-resolution techniques such as sodium dodecyl sulfate-aerylamide gel electrophoresis 

using discontinuous buffer systems and two dimensional techniques. However, once 

separated in this marmer, it has been difficult to determine which of the separated species 

reacted with a given antiserum. Several methods have been developed previously. 

Towbm et. al. (1979) overcame these problems by electrophoretically transferring the 

separated mixture onto nitrocellulose. Once attached to the nitrocellulose, the antigenicity 

ol'each of the separated species could be tested by treating Ihc blot with anliscrum :incl 

the bound antibody detected with radio leabled staphylococcal protein A or 

corresponding antiantibody. Blake et. al. (1984) have described a method using the 

alkaline phosphates substrate 5 bromo-4-chloroindoxyle phosphate (BCIP) and nitro blue 

tetra zolium (NBT) to detect the precipitated indoxyl group. When the substrate 5-bromo 

4-chloroindoxyl phosphate is used, the phosphate is cleaved by the enzyme and the 

indoxyl group precipitates. The hydroxyl group of the indigo then tautomerizes forming a 

Ketone, and under alkaline conditions dimerization occurs, forming a dehydroindigo. In 

the process of dimerizing, it releases hydrogen ions and reduces the nitro blue telra: ;̂olium 

which precipitates, forming an intense blue deposition of diformazan. In the present study 

mycelial antigen and cell wall antigens of C theae were run for SDS PAGE analysis, 

transferred on to the nitrocellulose paper, probed with polyclonal antibody of C. theae 

and treated with BCIP and NBT. Colour reactions were observed in both the cases.

Several genes are known to respond to different stresses commonly encountered in 

agriculture. The genetic manipulation of these genes holds a considerable promises as a 

first step towards increasing stress tolerance. Since many of the overlapping responses to 

different envirormiental stresses may be mediated by common cellular signal transduction 

pathways, in the long term, targting the genes encoding the components of stress related 

transduction pathways might be more profitable than manipulation of genes involved in 
intermediate metabolism.
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1. A review of literature pertaining to to this investigation has been presented which 

deals mainly with phcnolics in plant tissue in relation to disease dcveiopincnt, 

phytoalexin accumulation and their role in early defense response, and serlogical 

techniques for the detection o f cross reactivity between host and pathogen.

2. Materials used in this investigation and experimental procedures followed have 

been discussed in detail,

3. Pathogcnicity ol C. (heae wus tested on fillccn varieties ol (ca ( BSS 2, BSS 1, 

UP-2, UP-3, UP-9, UP-26, TV-9, TV-18, TV-20, TV-22, TV-23, l V-25, 'I'V-26, 

TV-29, Teenali 17/1/54) by detached leaf and cut shoot plant inoculation 

techniques.TV-22 and TV-23 were found to be the most susceptible and TV-20 

and TV-9 and BSS-3 were found to be resistant varieties respectively.

4. Phenolics present in healthy leaves were found to be protocatechuic acid, gallic 

acid , catechol, calfeic acid and p- coumaric acid. Both total and orthodihydroxy 

phenol content decreased following inoculatin with C Iheae in susceptible 

varieties , while there was an increase in resistant varieties following inoculation.

5. Changes in two important enzymes related to phenol metabolism ie. peroxidase 

and phenylalanine ammonia lyase following inoculation with C.theae were 

observed in all fifteen varieties. Peroxidase and phenylalanine ammonia lyase 

activity increased only in resistant varieties after 48h of inoculation with C.theae.

6. Leaf diffusates collected from resistant varieties were more ftingitoxic than those 

from susceptible varieties. Diftusable compound collected from the leaves of 

four varieties after 48h inoculation with sclerotial suspension of C.theae 

exhibited maximum absorption peak at 274nm which was not evident in case of 

water drops collected from the healthy leaves after 48h of incubation.
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7. Antifungal compounds were extracted separately from heallthy and ( .theav 

inoculated tea leaves of two resistant and two susceptible varieties which 

inhibited mycelial growth oiC.theae in solid medium. Two antifungal compounds 

( I and I I ) were detected at Rf 0.62 and 0.56 when thin layer cliromatograms were 

developed in chloroft)rm;mctlianol (9:1, v/v) and sprayed with Curvulaha lunula.

8. Compound I from healthy leaf extract of all tested varieties showed prominent 

inhibition zone at Rf 0.62. This compound showed brown colour reaction when 

sprayed with vanillin-H2 S0 4 . Rf'value and colour reaction of this antifungal 

compound corresponded with catechin.

9. The compound II showed positive colour reaction of phenolics with the 

chromogenic sprays (Folin-Ciocalteau’s reagent and diazotized p-nitroaniline) on 

TLC plates at Rf 0.56. This compound exhibited prominent inhibition zone on 

TLC plate bioassay and also inhibited spore germination of G.cingulata.

10. UV-spectral analysis of the compound II revealed absorption peak at 274 nm 

and showed similarity to pyro-catechol. It accummulated in inoculated leaves of 

resistant varieties in greater amount in comparison to that in susceptible varieties. 

Concentration of this compound in healthy loaf (issue was very low ,

11. Cell walls from C.theae were isolated, extracted and analysed on SDS-PAGE. 

ConA-FITC binding of the isolated cell walls showed strong fluorescence under 

tiic microscopc which confirmed glycoprotein nature of mycclial wall cxttact

12. The resistant vareties ( TV-9 and TV-20) showed similar disease reaction with 

the mycelial wall extract as that of the sclerotial suspension of C.theae. Mycelial 

wall extract of C.theae elicited the production of antifungal compound in tea 

leaves of resistant varieties as evident in Petridish bioassay with C..theae and 

spore germination bioassay with G.cingulata.
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( 13 ) Polyclonal antisera were raised against antigen preparation Irom mycclia of

C.theae and tea leaves. Serological cross reactivity among tea varieties and

C.theae isolates were determined following iinmunodilTusion icsi, cu/.ynic linked 

immunosorbent assay , dot blot assay and immunofluorescence.

(14) In agar gel double diffusion tests antiserum of C. theae and antigens of tea

varieties reacted in three different ways. Strong precipitin reaclion.s were 

observed with all those varieties which exhibited susuceptible reaction , while 

moderately suusceptible varieties exhibited weak precipitin reaction . ((owcver, 

resistant varieties could not develop any precipitin reaction. In reciprocal cross 

reaction with tea leaf antisera of TV-18 and TV-26 , the tea varieties exhibited 

scrologicul affinity among themselves. However, antigen.s prcapred lioin isolates 

of C.theae gave positive reactions with antisera of susceptible variety (TV-18) 

but not with the antisera of resistant variety (TV-26).

 ̂ 15) Optimum conditions for DAC-ELISA reactions with diWU-C.theae antiserum were 

determined. An antiserum dilution 1; 125 and an enzyme (alkaline phosphatase) 

dilution of 1:10,000 were optimium. Antigen upto a concentration of 10 fig/ml were 

detected in homologous reaction by ELISA.

' 16) Major cross reactive antigens (CRA) shared between isolates of C.theae and tea 

varieties were determined following DAC-ELISA using antisera of C.theae, TV-26 

and TV-18.

; 17) Detection of pathogen ( C.theae ) in artificially inoculated tea leaves using DAC- 

ELISA formats, immunofluorescence test as well as dot blot assay were also 

developed.

18 ) Cellular location of cross reactive antigens (CRA) in mycelia, sclerotia of C.theae 

were studied using fluorescein isothiocyanate (FITC). Cellular location of CRA in 

cross section of tea leaf tissues were also determined. Ma jor CRA was concentrated 

on the epidermal and mesophyll tissues of tea leaves and young hyphal tips and 

germinated sclerotia of the pathogen.
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