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The common plant pathogens (fungi, bacteria, 

viruses) and pests (insects and other animals) induce 

some type of resistance in plants to subsequent challenge, 

both to the original, as well as to other biotic agents 

(Chessin and Zipf, 1990) In general, the defenses of higher 

plants against any form of stress-whether biotic or abiotic, 

fall under two categories preformed 'and induced'. The indu

cible defense systems have been much more elaborately studied 

than the preformed one. These have been termed as 'alarms' 

and , according to Chessin and Zipf (1990), this is a com

plex physiological phenomenon including a series of steps

i,e., perturbation by a particular biotic or abiotic stress, 

followed by production in the stressed tissue of a systemi

cally transmitted signal (electrical, chemical, or both) and 

finally, induction by the signal, in the target tissue, of 

a new morphological or physiological state which protected 

such tissues from subsequent exposure to the same or other 

stresses. Besides barriers to the successful colonization 

of higher plant tissues by fungi exist in the gross morpho

logy and anatomy of leaf surfaces. The general texture, as 

for example, the thickness of the cuticle, the degree of 

surface waxiness, the angle of the leaf and the number and 

size of hairs, may all determine whether a fungal spore is 

able to settle on a leaf and develop there. The degree of 

wettability of the leaf is also important, since the spore 
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cannot germinate and grow unless sufficient moisture is 

available within the leaf phyllosphere (Harborne and Ingham 

1978). 

In the pre sent investigation, at the onset, patho

genicity test of §. carbonum was carried out on detached 

leaves, cut shoots and whole plants of fourteen tea v arieties 

released by Tocklai Experimental station. Detached leaves as 

well as cut snoots gave satisfactory results which were in 

good agreement with the whole plant tests. The results of 

pathogenicity tests perfo~med on different tea varieties by 

using cut shoot method showed that the degree of resistance 

of each variety corresponded to that determined by other 

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 in the laboratory.~· carboq~m 

was most virulent on TV-18 and least on TV-26. Interestingly, 

the lesions in qll cases appeared mostly on the younger leaves. 

The texture and physical structure of the tea leaves no doubt 

play an important role in this connection. Ando 

and Hamaya (1986) reported that the anthrac -~ose fungus, 

Gloeosporium theae - sinensis was able to infect the plant 

only through the trichome of young leaves. They also reported 

that in many cases, the patho gen was inhibited from gaining 

entrance by a callosity which was produced by swelling of the 

trichome cell wall inward in a way that enveloped and preceded 
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the invading hypha. Kabir et al., (1991) studied the epicu

ticular wax content ant its distribution on the tea leaf 

surface by electron microscopy. A direct correlation was 

observed between the epicuticular wax content on the leaf 

surface of the clones and their tolerance to drought and 

other stress conditions. This external layer also provides 

a micro-habitat for a variety of parasitic and saprophytic 

organisms and act as a barrier to fungal pathogens. Super

imposed on such mechanical barriers may be the presence of 

more specific chemical barriers. The dynamic biochemical 

reactions that are activated by penetration of the fungus 

into the host tissue are probably more significant in deter

mining whether infection is ultimately successful or not. A 

wide range of changes in biochemistry occur on fungal penetra

tion. 

Phenolic compounds accumulate in numerous plant 

species following infeQtion with plant pathogens (Farkas and 

Kirali, 1962, Kosuge, 1969 ; Friend, 1977, Bazzalo et al, 1985; 

Baker et al., 1989 ; Mahadevan 1991). There is often a greater 

increase in phenolic biosyqthesis 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 nonpathogenic fungi and have been considered to play an 

important role . in disease resistance (Vidyasekharan, 1988). 
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Since polyphenols are major constituents of tea 

leaves , their involvement in tne resistance mechinism seemed 

highly probable. To explore this possibility, initially, the . 
levels of phenolics in leaves of resistant and susceptible 

tea varieties were estimated at different time intervals afrer 

inoculation with~· carbonum. Host responses could be diffe

ntiated by changes in content of phenolic compounds. The 

pattern of changes of total phenolic content (ethyl acetate 

soluble phenols) of resistant (TV-26) and susceptible (TV-18) 

variety did not differ much between 0 and 24 h after inocula-

tion. However, phenolic content of resistant variety increased 

significantly after 48 h or inoculation. Subsequently, when 

the level of total phenol and orthodihydroxyphenol from 

healthy and inoculated (with ~· carbonum) tea leaves of three 

susceptible varieties (TV-9, 17 and 18) were e stimated after 

48 h of inoculation, similar trend was noticed. Both the total 

p henol and 9rthodihydroxy ·phenol increased in all resistant 

varieties but decreased in susceptible varieties in comparison 

to their healthy controls. 

Present results substantiate the findings of previ

ous workers who have also recorded similar results. Sridhar 

and Ou (1974) reported differences in total phenolics accumu

lation in the interaction of Pyricularia oryzae with rice. 

Purushottaman (1974) also reported that the resistant rice 

cultivar synthesized more phenol, when inculated with 

Xanthomonas campestris pr. oryzae, than the susceptible one. 
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Hammerschmidt and Nichol son ( 1977) demonstrated a clear 

difference between resistant and susceptible interactions 

of maize to Colletotrichum graminicola based on accumulation 

of phenols. However,no differences were found in the pheno

lic content in the interaction of Helminthosporium maydis 

race T with N and T cytoplasms of a single maize genotype 

(Macri et al., 1974). On the otherhand, resistant cotton 

cultiv a r contained fairly high amount to total as well as 

orthodihydroxyphenol than susceptible cultivar. After inocu

lation with Xanthomonas campestris pr. malvacearum, total 

and orthodihydroxyphenol increased in resistant interaction, 

whereas, it decreased in susceptible in~eraction (Borkar and 

Verma, 1991 ) • 

Orthodihydroxy phenols are also considered to play 

a major role in disease resistance and disease development 

(Eswaran, 1971). They are easily oxidized to highly reactive 

quinones which a-re effective inhibitors, (Hoffmann-ostenhof, 

1963) of sulphydryl enzymes, thereby preventing the metabolics 

activities of host and parasitic cells (Kuc, 1963 ; Rubin 

and Artsikhoveskaya, 1963 ; Kalaichelvan and Mahadevan, 1988). 

Greater accumulation of phenolic compounds in 

re3istant interaction of B. ~rbonum and tea varieties indi

cated that this may play a role in natural and induced resis

tance of tea plants against the said pathogen. There are 

reports that an increased production of phenolic compounds 
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may be involved in phytoalexin accumulation (;·iansfield et al, 

1974 Langcake, and Pryce, 1976 ; Langcake and McCarthy, 

1979 Holliday et al., 1981 ; Pierce and Ersenberg, 1987 

Baker et al., 1989). 

Several techniques have been used so far, to isolate 

phytoalexins from leaves challenged with incompatible patho

gens, of which the socalled drop .diffusate method has proved 

outstandingly successful. The importance, of the drop-diffusate 

technique lies in the fact that phytoalexins will often 

diffuse from fungus infected plant cells and in doing so will 

leave behind normal cellular constituents such as chlorophylt 

carotenoid pigments and other interfering compounds (Harborae 

and Ingham, 1 978) • 

In the present investigation, exudates and diffusa 

tes were collected from the adaxial surface of the leav e s 

of resistant (TV~16, 25 and 26) and susceptible (TV-9, 17 

and 18) varieties after 48 h of incubation following drop 

diffusate method and their biological activities were evalu

ated on spo~e germination and germ tube growth of B.carbonum 

The diffusates collected from the leaves of resistant tea 

varieties were more fungitoxic than those from the suscep

tible varieties. An interesting observation made in the 

course of this investigation is that leaf exudates also con

tained some fungitoxic substances. This indicated that some 

fungitoxic compounds were present in the leaves even prior 
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to inoculation with the pathogen. Presumably, tea leaves 

contain some diffusible preformed fungitoxic compounds. 

Fungitoxicity of leaf diffusates has been implicated in 

natural defense mechanism of plants against att ack by 

fungal pathogen 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). Although the drop dif fusate method 

has often been criticised as biologically unnatural, t he 

advantage it has over the other techniques is that a relati• 

vely pure phytoalexin preparation can be obtained without 

maceration of the plant tissues. The possibility that unst

able phytoalexins might decompose during isolation is also 

minimized. Unfortunately, diffusates give no indication of 

the phytoalexin concentration within inoculated tissues. 

Moreover, phytoalexins which are not diffusible into the 

inoculum droplet .cannot be detected by this method. 

Hamaya et al.(1984) established the presence of 

characteristic antifungal compounds in the leaf extracts of 

Camellia japonica. Conidial germination or growth of hyphae 

of many fungi were inhibited, namely Pyricularia oryzae. 

Cochliobolus miyabeanus, Pestalotia longiseta, Gloeosporium 

theae-sinensis and Diaporthe citri. Subsequently they iso

lated and characterized the antifungal compounds as triter

penoid saponins which they named a s Camellidin I and 
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Camellidin II (Nagata et al., 1985). However, leaves of 

both f· sinensis and f· sasanqua belonging to the same 

genus did not show this inhibitory activity towards the 

said fungi. 

Hence, facilitated diffusion technique as sugges

ted by Keen (1978) was followed to detect the antifungal 

substance (phytoalexin) from tea leaves inoculated with!!· 

' ' carbonum. On the Chro~atogram~Inhibition-Assay, two compounds 

A and B at Rf. 0.8 and o .• 65 respectively were found to be 

fungitoxic against !!• carbonum. However compound A could be 

detected mainly from the healthy tea leaf extracts of all 

the four varieties tested (TV-9, 18, 25 and 26) which exhi

bited prominent inhibition zone on TLC plate and showed the 

highest fungitoxic activity in the spore germination assay. 

No such fungitoxic activity was evident on TLC plate in leaf 

extracts from susceptible variety (TV-9 and 18) inoculated 

with B. carbonum, but . traces of the inhibition zone was 

evident in resistant varieties (TV-25 and 26) even after 48 

hours of inoculation. This antifungal compound correspondcrd 

with the Rf value and colour reaction (Brown colour with 

Vanillin - H2so4 ) of authentic catechin. 

Catechins are flavon-3-ols with two hydroxyl groups 

in the side ring. These include gallic acid esters with the 

acid moiety attached to the hydroxyl groups. The heterocyclic 

ring of catechin is saturated and not planar. The presence 
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of four forms of catechins, (-) epic atechin (EC), (-) ep-ica

techin gallate (ECG), (-) epigallocatechin (EGC) and (-) 

epigallocatechin gallate (EGCG) have been reported from 

tea (Wang, 1991). Antimicrobial acitivity of tea catechin 

to Streptococcus mutans was demonstrated by Kawamura and 

Takeo ( 1989). 

The compound B showed positive colour reaction of 

phenolics with the chromogenic sprays on TLC plates at Rf. 

0.65 and exhibited prominent inhibition zone in TLC plate 

bioassay as well as inhibited markedly the spore germina-. 
tion of all the six fungal species tested (Colletotrichum 

camelliae, Pestalotiopsis theae, Helminthosporum oryzae, 

li• maydis, and H. sativum). This compound was identical to 

an authentic catechol as determined by thin layer chromato

graphy and UV-spectrophotometry (absorption peaks at 214 

and 276 nm). Results of the present investigation also indi

cate that the antifungal catechin is presumably cleaved to 

some simpler phenols. It is known that c atechin is oxidati

vely cleaved to simpler phenols and phenolic acids like 

catechol, phloroglucinol and protocatech~ic acid. An enzyme, 

catechin 2-3 dioxygenase was isolated from Chaetomium cupreum 

which cleaved c atechin into simpler phenols as mentioned 

(Sambandam, 1982). The breakdown of the antifungal catechin 

was almost complete in the susceptible va riety, but traces 

of catechin were still present in the resistant variety after 
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48 h. of inoculation. Accumulation of catechol in resistant 

varieties increased significantly (439-510 ug/g fresh wt.) . 
in comparison to susceptible varieties (187-212 ug/g fresh 

wt.) after 48h of inoculation with~· carbonum. Concentra-
tnu 

tion of this compound in healthy leaf tissuestvery low 

(45-88 ug/g fresh wt.). In the susceptible varieties even 

though catechin is broken down completely, accumulation of 

the antifungal catechol is not greater than the resistant 

varieties. It seems highly probable that increased level of 

catechol is associated with differential host responses to 

infection. 

Biochemical resistance of maize has been attri-

buted mainly to the presence of cyclic hydroxamic acid 

( Calub et. al., 1973 ; Couture et. al., 1971) • Lim et. al ( 1970) 

demonstrated the presence of two phenolic antifungal comp

ounds in leaf diffusates and water extracts of maize leaves 

after inoculation with Helminthosporium turcicum. Resistance 

in maize to H • turc icum was explained on the basis of phytoo..· 

lexin production and four phytoalexin -like compounds have 

been isolated and partially characterized (Obi. et al., 1980). 

Three phenolic compounds accumulated in maize leaves after 

inoc~ation with Collectrochum graminicola and these compounds 

incre~ed earlier in the resistant interaction than in the 

susceptible one (Hammerschmidt and Nicholson, 1977); Two 

of the three compounds inhibited the germination of 
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C. graminicola spores in vitro. Werder and Kern (1985) 

investigated the role of phenolic metabolism in the resis

tance of maize to Helminthosporium carbonum and have demons

trated the accumulation and anti~ungal activity of several 

phenolics associated with differentia l host responses to 

infection. 

The differential response of susceptible and 

resistant varieties to B. carbonum could probably be attri

buted to their capacity to accumulate the antifungal comp

ound. It seemed highly interesting, therefore, to induce 

changes in disease reactions by application of certain chemi

cals and to determine whether these changes could be corre

lated to changes in accumulation of the antifungal compound. 

Of the twenty two chemic als selected, belonging to five 

separate groups, four were highly effective in reducing disease 

intensity. These four chemicals were nickel chloride, nickel 

nitrate, cycloheximide and sodium selenite. The use of 

nickel chloride as foliar spray to tea plants for the 

control of blister blight caused by Exobasidium vexans was 

demonstrated by Venkataram as early as in 1961. It was repor

ted that not only was nickel chloride found to be an 

erad i cant vis-a-vis copper which was a protectant, repeated 

spray had no influence on the build-up of purple mites, 

whereas such trea t ment with copper fungicides stimulated the 

mite population significantly. Sinha ando Hait (1982) reported 
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that most of eight chemicals tested for their effect on 

development of brown spot disease in rice caused by 

Drechslera oryzae caused marked reduction in symptoms. Seed 

treatment of wheat with dilute concentration of nickel chlo

ride and barium sulphate significantly induced resistance 

to Drechslera sorokiniana (Chakraborty and Sinha, 1984). 

Hait and Sinha (1986) also reported that twenty out of twenty. 

four chemic als which were used as seed treatment protected 

susceptible wheat seedlings against infection by 

Helminthosporium sativum. Chakraborty and Purkaya stha (1987) 

reported that among six metabolic inhibitors tested, sodium 

azide was most effective in reducing charcoal rot disease 

caused by Macrophomina phaseolina. Subsequently, Purkayastha 

and Banerjee (1990) also observed that cloxacillin and 

penicillin induced significant resistance in soybean to the 

anthracnose fungus, Colletotrichum lagenarium. 

A~l the above reports as well as the result s of 

the present study, therefore, point to the ability of certain 

chemicals to induce protection, which in some cases, could 

be due to the direct fungitoxic effect of these chemicals 

on the pathogen ; or, it could be due to the activation of 

certain metabolic processes within the host cells leading 

to the production of greater amounts of antifungal compounds. 

Since no significant correlation was observed between the 

fungitoxicity of the selected chemicals against §.carbonum 
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and their protective capacity, it was considered worthwhile 

to extract the antifunga l compound B from susceptible tea v a riety 

(TV-18) challenged with B. carbonum, either treated or untreated 

with nickel chloride.Results revealed that treatment with nickel 

chloride induced a high level of the antifunga l compound (458ug/ 

g fresh wt.) in comp a rison to the untrea ted inoculated plants 

(192 ug/g fresh wt.). Several previous workers have also reported 

that certain chemicals are capable of inducing the production of 

antifungal compounds. It was reported by Keen et al., (1981) that 

sodium iodoacetate acts as an abiotic elicitor of glyceollin in 

primary leaves of cv. Harosoy soybeans, and that it is associated 

with the resistance expression. Copper sulphate, sodium n .i tra te 

and chloramphenicol were found to be effective in inducing cap

sidiol p roduction in CapsJ.cum annuum ('watson and Brooks, 1984). 

Accumulation of increased levels of glyceollin following treat

ment with sodium azide was reported by Chakraborty and 

Purkayastha (1987). Rouxel et al., (1989) rep orted the accumu

lation of phytoalexin in CuC1 2 and AgN0
3 

treated leaves of 

Brassica juncea. 

The defense mechanisms of plants including the synthe

sis of antimicrobial phytoalexin may be induced by the expre

ssion of genes resulting from the recognition of a particular 

microbe by a host. The exc hange of molecular signals 

hetween · host and parasite is considered to be one 
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of the mechanisms r e sultinG in the specificity of such inter

actions. The g enetic information contained in nucl~c acid i s 

expressed in the cell via protein synthesis. Several prot e ins 

function as enzymes in the metabolic p a thways which synthesiz e 

or bredkdown cellular components.When plants contdining v a rious 

kinds pf protein 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 relat ed to both plant and pathogen 

(Uritani, 1971). 

In the present investigation it was noted that protein 

content in the susceptible tea v a rieties, (TV-9, 17 and 18) 

changed markedly after inf ection. Increased protein level was 

also detected after infection of susceptible bean leaves by 

Uromyces phaseoli (staples and Stahman, 1964). Simil~.r finding s 

were reported by other workers (Tomiyama, 1966 Daly, 1972 ; 

Ouchi et al., 1974). They suggested that in case of compa tible 

combina tion, changes of protein configuration in the host may 

induce the host!s accessibility to the pathogen which is related 

to su seeptibility. The greater accumulation of prot e in in sus

ceptible ' hoat after infection could be attributed to the total 

proteins of both host and parasite. However, it is difficult to 

separate the relative contribution of host and p a rasit e to the 

total prot e in content. 
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It is evident from the above statements that some 

changes occur in proteins of infected plants. However these 

changes are not always significant. Sometimes protein 

content of the host remains more or less similar even afte"' 

inoculation but isozyme pattern may change. Changes in 

protein patterns in barley leaves after infection with 

Erysiphe: graminis f. sp. hordei was detected by polyacry

lamide gel electrophoretic study but no chagge could be 

detected in total buffer soluble protein content of mildew 

infected barley leaves in comparison with heal thy control 

(Johnson et al., 1966). In the present investigation protein 

pattern of healthy and infected leaves of resistant (TV-26) 

and susceptible (TV-18) tea varieties were evaluated by 

polyacrylamide gel electrophoresis. In healthy and infected 

leaves of susceptible variety, 17 and 20 protein bands were 

recorded respectively but only 17 protein bands were detected 

in resistant variety (TV-26) both before and after infection. 

Mycelia of B. carbonum exhibited 11 protein bands. Changes 

in protein pattern of susceptible tea variety (TV-18) after 

inoculation with B. carbonum as determined by polyacrylamide 

gel electrophoresis can not be compared with the protein 

bands of the pathogen (B. carbonum) because proteins of 

dissimilar molecular weights may be observed in the same Rf 

by this method. This study at least indicates the differences 

in protein patterns of pathogen, as well as susceptible and 

re istant tea varieties before and after infection. 
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Leaf protein of susceptible tea variety inoculated 

with B. carbonum exhibited 3 additional protein bands, in 

relation to healthy control. This is in conformity with the 

results of other workers. Uritani and Stahmann (1961) 

reported that sweet potato infected by Ceratocystis fimbr.f.qta 

produced new proteins in both resistant and susceptible 

varieties. Similarly, Sako and Stahmann (1972) also detected 

5 new isozyme bands viz., acetyl esterase, acid phosphatase, 

malate dehydrogenase, succinate dehydrogenase and peroxidase 

in the susceptible line of barley after infection by Erysiphe 

graminis f.sp. hord9i but could protein constituent tomato 

leaf after inoculation with Cladosporium fulvum were recorded 

by Dewit and Bakker (1980). 

The presence of cross reactive anti ~ens between 

plant hosts and parasites and the concept that these anti

gens might be involved in determining the degree of compati

bility in such - interaction have been discussed and reviewed 

by several authors (DeVay and Adler, 1976 ; Kalyanasundaram 

et al., 1978 ; Chakraborty 1988, Purkayastha, 1989). In the 

present investigation antigens of resistant and susceptible 

tea varieties and isolates of B. carbonum were cross reacted 

separately with antisera of resistant and susceptible host. 

Reciprocal cross reaction was also carried out with anti

sera of B. carbonum and antigens of both resistant and 

susceptible varieties. Serological compa risons also included 
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two non-pathogens of tea, viz., Bipolaris setariae and 

Bipolaris tetramera. It is significant to note that in agar

gel double diffusion test no antigenic substance was found 

to be common between ~· carbonum (4 isolates tested) and 

resistant tea varieties TV-25 and 26 but susceptible tea 

varieties (TV-9, TV-17 . and TV-18) shared the common antigens 

with all the four isolates of g. carbonum. Antisera of tea 

varieties and antigens of B. tetramera and B. setariae failed 

to develop any precipitation band. 

Presence of cross reactive antigens has been 

demonstrated earlier in v arious host parasite combinations , 

such as, flax and Melampsora lini (Doubly et al., 1960), 

cotton and Xanthomonas malvacearum (Schnathorst and DeVay, 

1963) sweet potato and Ceratocystis fimbriata (DeVay et. al. 

1967) cotton and Verticillium alboatrum (Wyllie and DeVay, 

1970 ; Charudattan and DeVay, 1 972) ; ,cotton and Fusarium 

oxysporum f. sp. vasinfectum (Charudattan and DeVay, 1970; 

Kalyana5unda ram et al., 1975) ; potato and Phytophthora 

infestans .(Pal :nerley and Callow, 1978) ; soybean and 

Macrophomina phaseolina (Chakraborty and Purkayastha, 1985); 

jut e and Colletrotrichum corchori (Bhattacharya and 

Purkayastha, 1985); soybean and Colletotrichum dematium var. 

truncata (Purkayastha and Banerjee, 1986}; groundnut and 

Macrophomina phaseolina (Purkayastha and Gho sal, 1987) J 

soybean and Myrothecium roridum (Ghosh and Purkayastha, 1990 ) 
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Present results also support the findings of previous 

workers. 

> 

In some host-parasite interactions conventional 

serological techniques have failed to detect cross reactive 

antigens. Johnson (1962) reported that he diti not find any 

antigenic relationship between wheat and Puccinia Araminis 

tritici. Absence of a common antigen relationship between 

alfalfa (Medic ago sativa) and Corynebacterium insidio sum 

as a factor in disease development has also been demonstra

ted by Carro.ll et al., ( 1972). Antigens obtained from crude 

host extracts did not react with bacterial antisera showing 

the lack of common antigens between the host and pathogen. 

These findings are not in agreement with the present observa

tions. 

The preparation and treatment of antigens are 

extremely important since most antigens are very labile and 

easily denatured. The selection of a test animal and the 

amount of antigen injected is often important since too much 

material may actually reduce antibody formation. Besides, a 

number of factors such as methods of extraction of antigen, 

culture of microbes, age of plant tissue, have profound 

influence on the yield of antigenic substance and may account 

for the failure to detect common antigens as pointed out 

by DeVay and Adler (1976). It is evident from an interesting 

inv e stigation made by Alba et al., (1983), where they showed 
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that uredospores of Hemileia vastatrix shared a common 

antigenic determinant with coffee plants, in contrast to 

their previous conclusions made with the same host-p arasite 

system (Alba et al., 1973). This disagreement was attributed 

to the low concentrations of antigenic preparations used in 

the earlier investigations. They observed a quantitative 

antigenic disparity between the leaf material of coffee plants 

of physiological groups D and E, resistant and susceptible 

to race II of the pathogen, respectively. In serological tests 

only the susceptible host (coffee plant of physiological 

group E) antigens reacted with the antiserum for antigens 

of uredospores of H. vastatrix, which suggests that common 

antigens play a role in the compatibility of the host-para s i t e 

system. 

To substantiate the results of agar gel double 

diffusion test, immunoelectrophoretic studies on both host 

and parasit·e were also carried out. When antiserum of 

B. carbonum reacted with its own antigen, 5 precipit ation 

arcs were formed of which two we r e common with leaf antigens 

of susceptible v arieties. No such precipitin arc was f o r med 

between resistant v arieties and ~· carbonum. Recip roc a l cross 

reaction with antiserum of resistant tea v ari ety (TV-26) 

and antigens of fungal isolates failed to develop any 

precipitin arc. No common antigenic relationship between 

host (C. camelliae) and non-pathogens (~. tetramera and ~· 

setariae) was noticed. The present results are in agreement 
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with the findings of Purkayastha (1989) and his coworkers. 

They have examined more than 100 host-pathogen/non-pathogen 

combinations including several cultivar,s of soybean, rice, 

groundnut, pigeon pea, jute and bean and their respective 

pathogen and non-pathogens. The results of immunodiffusion 

and immunoelectrophoretic tests reveal that there is no 

common antigenic relationship between hosts and non-pathogen. 

While more than 50% combinations exhibited cross reac t ive 

antigens between known hosts and pathogens, no cross reactive 

antigen was visible between resistant hosts and their respec

tive pathogens although it was detected at a very low con

centration in one case (soybean and Colletotrichum ~emat±~rn 

var. truncata) after enzyme linked immunosorbent assay 

(Purkay a st~a and Banerjee, 1990). 

The enzyme-linked immunosorbent assay (BLISA) has 

become increasingly popular since its i ntroduction in the 

detection of fungal · plant pathogens <.casper and Mendgen, 

1979; Johnson et al., 1982; Mohan, 1988). In the present 

study, the presence of cross reactive antigens (CRA) among 

B. carbonum and susceptible tea varieties was evident in 

indirect ELISA of antisera for susceptible tea varieties 

(TV-18) and antigen preparations from B. carbonum mycelia 

by using goat anti-rabbit IgG conjugat e . Indirect ELISA 

readily detected CRA in semipurified mycelial preparation 

at concentrations ranging fro m 5 to 25 pg/ml with antiserum 

dilution of 1/125 and 1/250. Anti genic preparations from 
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B. carbonum (isolate BC1) exhibited higher absorbance value 

in cross reaction with antiserum of susceptible tea v ariety 

(TV-18) than the reaction wi.th antiserum of resistant 

variety (TV-26). Since -the indirect ELISA tests were made 

under the same conditions and with at least three repeti

t i ons it appears that these observed antigenic disparities 

have some significance in the basic compatibility of host 

(C. sinensis) and pathogen (B. carbonum). 

Alba and DeVay. (1985) also detected CRA in crude 

preparations and in purified preparation from mycelia of 

Phytophthora infestans race 4 and race 12.3.47 with antisera 

of potatoes cv. King Edward and cv. Pentland Dell by using 

indirect-ELISA technique. They detected CRA with crude and 

purified antigen prep a rat ion in conce.n,-\.."o..-tio'\lower than 50 jJ-g 

protein/ml. In indirect ELISA, antiserum raised against 

PhytGphthora fragariae detected homologous soluble antigens 
' 

at protein cone entrat ion as low as 2 pg/ml (Mohan, 1988 ). 

These re sults demonstrate that the indirect ELISA met hods 

is sensitive enough to detect cross reactive antigens in 

preparations where they occur in low concentration. 

Antibodies indirectly labelled with fluorescein 

isothiocyanate (FITC) were used to determine the loc ation 

of CRA in c ross-sections of tea leaves (TV-18) and fungal 

cells (B. carbonum). Treatment of conidia and mycelia of 

B. carbonvm with antiserum to tea -leaves (TV-18) and using 
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indirect stiUning with FITC indicated that the CRA was 

mainly present in hyphal tips and in patch like areas on 

conidia. The success of the immunofluorescence technique 

required germina~ion, staining and examination of spores 

on very thin agar films so that UV transmission and anti-

body diffusion through agar would occur at acceptable levels. 

Cross section of leaves (TV-18) treated with antiserum of 

~· c a rbonum and then reacted with FITC-conjugated, anti

rabbit globulin-specific goat antiserum developed fluores

cence, mainly around epidermal cells and mesophyll tissues. 

Cross sections of young cotton CAcala ,. 2") roots incubated 

with anti~erum to fo oxysporum f.sp. vasinfectum and stained 

with FITC - conjugated, antirabbit globulin-specific goat 

antiserum exhibited strong fluorescence at the epidermal 

and cortical cells and the endodermis and xylem tissues 

indicating a general distribution of the CRA determinants 

in the root (D.eVay et al., 1981 a). In the interaction of 

Phytophthora infestans and potato plants DeVay et al, (1981b) 

also used F.I.T.C. labelled antibodies for races of 

f· infestans to detect· CRA in potato leaf sections. 

In the present investigation, the changes in anti

genic patterns were detected in susceptible tea variety 

(TV-18) after chemical induction of resistance. In this case 

one common antigenic substance was missing from the uninocu

lated nickel chloride treated leaves. This change increased 
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the antigenic disparity between treated leaves and the 

parasite, and consequently the resistance of tea plant 

to B. carbonum increased to a considerable extent. In this 
, 

situation nickel chloride appeared to act as a "conditioner" 

of the plant cells \lilhich responded to infection by producing 

greater amount of antifungal compound. 

Chakraborty and Purkayastha (1987) also detected 

an antigenic disparity in the susceptible soybean cultivar 

(Soymax) after induction of resistance by sodium azide 

(100 pg/illl) treatment. They pointed out the changes in anti

genic pattern and their involvement in induced re s istance 

of soybean to charcoal rot disease caused by Macrophomina 

phaseolina. Similarly gibberellic acid (100 fg/ml) altered 

antigenic patterns of susceptible rice culture (Jaya) and 

increased resistance to sheath rot disease caused by 

Sarocladium oryzae (Ghosal and Purkayastha, 1987). In another 

immunoserologic.al studies on cloxacillin-induced resistance 

of soybean against Colletotrichum dematium var. truncata, 

Purkayastha and Banerjee (1990) demonstrated the alteration 

in antigenic pattern in treated leaves. These findings 

suggests that resistance could be induced in susceptible 

plants by increasing antigenic disparity by suitable treat -

ment. 

DeVay and Adler (1976) suggested that common 

antigens are constitutive component of the cells of both 
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hosts and parasite. Selection of parasite by host or vice 

versa may be controlled to some degree by fortuitous homo

logies of their genomes. Where there exist similarities for 

synthesis of cortical cell component, a compatible relation

ship would• result, whereas lack of homology would either 

repress metabolic processes or trigger the fo r mation of 

metabilites which are toxic to cells of both host and para

site. If common antigens or cross reactive antigen's (CRA) 

have a functional role, other than in recognition phenomena, 

it probably will be found in the infection process and be 

subject to the over-riding effects of substances such as 

phytoalexins or other inhibitory substances already present 

in host tissues or induced by parasi-tic microorganisms 

(DeVay et al., 1981 a). 

The present work has confirmed and extended some 

of the findings of previous investigators. In addition, this 

study reveals certain new facts of fundamental importance. 

Finally, it can be stated that a number of defense mec hanisms 

are operative in tea plants which include physical as well as 

biochemical barriers. A preformed antifungal compound catechin, 

already present in tea leaves is probably cleaved into simple 

phenols. Accumulation of catechol is greater in resistant 

v arieties than the sus ;eptible va rieties in response to 

infection with B. carbonum . The fungitoxicity of this compound 
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suggests its involvement in the resistance of tea to B. 

carbonum. The signific ance of antigenic relationship with 

rega rd to comp atible interaction between Camellia sinensi s 

and ~· carbonum ha s been immunoelectrophoretic te st as well 

~ s by enzyme linked immunosorbent as s ay. Induction of disease 

resistance by chemical treatment not only led to greater 

accumulation of the antifungal compound but dlso altered the 

antigenic patterns. Cellular location of major cro s s reactive 

antigens shared by tea and B. carbonum was detected . Indirec t 

staining of antibodies using fluorescein isothiocyanate 

(FITC) indicated that in c r o s s sections of leaves through 

midrib, the cross reactive antig en was concentratee mainly 

a round epidermal cells and mesophyll ti s sue. Treatment of 

conidia and mycelia ofji. carbonum.with antiserum to tea and 

using indirect staining with FITC indicated that the CRA 

was mainly present in hyphal tips and in patch like areas 

on conidia. 

This investiga tion has provided an insight into 

some of the metabolic changes occurring in tea following 

its interaction with B. carbonum, finally being expressed 

as resistance or susceptibd.lity. However, no definite 

conclusions can be drawn regarding defense mec.hanisms of tea 

until and unless more is known with regard to the interac

tions of other foliar fungal p a thogens with tea plants . 


