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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.


