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INTRODUCTION 



Tea [Camellia.sinensis (L). O. Kuntze] is one of the most economically important 

plantation crops of India, being cultivated in both the Northern and Souithern belts of the 

country. Darjeeling produces the world's finest quality tea, in the steep hill slopes of the 

Eastern Himalayas upto an elevation of 3000m. At the Himalayan base lies tlie tea districts 

of Terai and Dooars. Tea is also grown in the slopes of Nilgiris and Annamalai hills of 

Peninsular India. Being a perennial, the tea plant possibly interacts with, and samples more 

environmental problems than do most other plants. A number of fungal pathogens cause 

foliar diseases of tea which effect the economic importance because damages to the leaves 

reduces the quality and quantity of tea production. Blister blight caused by Exobasidium 

vexans Massee is considered to be one of the most destructive foliar diseases of tea 

resulting in enormous crop losses to the Tea industry. The ftingus infects mainly the tender 

leaves and stems. The pathogen is a biotroph and there are no known alternate hosts. The 

life cycle is completed on tea itself The disease initially starts with a pale yellow spot and 

gradually enlarges into circular lesion (Chandra Mouli, 1983; Agnihothrudu, 1995). As the 

disease progresses inside tlie leaf tissue, the upper surface of the developing lesion depresses 

into a shallow cavity, while on the lower side it correspondingly becomes convex and this 

forms the blister (Plate-1). 

Weather conditons have profound influence on the development of the pathogen 

and disease incidence. A relative humidity higher than 80% is essential for basidiospore 

formation, ejection and germination. An optimum temperature of 22^C to 25°C and 

continuous leaf wetness of 11 hr is optimum for infection. A thin film of water is more 

favourable for gemiination and hence when dew is formed in the evening the spores gemninate 

to bring about infection. Therefore, the epidemic of the disease is very common in humid, 

foggy regions (Baby and Premkuniar. 2000). Investigations have shown that the Ultraviolet-

B(LrV-B:290-320nm) component of solar radiation helps in the fonnation of blister postules 

(Gunasckcra e/. al. 1997). However, cuticle thickness and the angle of leaf and twig were 

found to be important factors for the resistance of tea clones to blister blight (Martosupono 

and Sliharta, 1980). Attempts have been made by number of workers to control blister 

blight disease in field conditions (Venkata Ram and Chandra Mouli, 1983. Chandra Mouli 

and Premkumar, 1996). 





The use of immunological assays of microbial disease of plants for both detection 

and diagnosis is rapidly increasing in the field of phytopathology (Hansen and Wick, 1993), 

It has long been known that most plant pathogens possess as part of their structures, 

specific antigenic determinants or recognition factors in the form of proteins, glycoproteins, 

complex carbohydrate polymers or other complex molecules (Devay and Adler, 1976; 

Chakraborty, 1988). Recognition of the diagnostic potential of such determinants for both 

experimental and applied investigation in plant pathology has resulted in a bewildering 

auay of techniques which are collectively reffered to as immunoassays (Werres and Steflfens, 

1994). Irhmunoassays originally developed for the identification of viral diseases are now 

finding equal application in the detection of bacterial and fijngal diseases (Mohan, 1988; 

Lyons and White, 1992; Linfield, 1993; Chakraborty and Saha, 1994; Chakraborty et. 

ill.. 1995; Wakeham and White, 1996). Though significant advances have been made in 

the development of rapid, sensitive assays for fungi in recent years, commercially available 

tecliniques are limited to a few pathogens and diseases. Serological techniques can be 

used to detect fungi present in low amounts 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. 

Since such immunological studies on blister blight disease of tea caused by 

Exohasidium vexans are lacking, and considering the importance of such studies, this 

study has been undertaken. The main objective of this study are as follows : 

(a) To study the occurrence of blister blight disease in tea gardens of hills and plains 

and their correlation with weather conditions. 

(b) To screen Darjeeling, Tocklai and UPASl varieties of tea plants for resistance to 

Exohasidium vexans. 

(c) To extract antigens from basidiospores of £ vexans. healthy and naturally blister 

infected and artificially inoculated (with is. vexans) tea leaves, non host species and 

non-pathogen {Fusarium graminearum). 

(d) To raise polyspecific and polyclonal antibody for E. vexans, polyclonal antisera for 

healthy tea leaves as well as for non pathogen and to purify IgG for serological 

assays. 



(c) To detect serological cross reactivity between E. vexans and tea varieties following 

agar gel double diffiision and enzyme linked immunosorbent assay. 

(t) To optiinize ELISA sensitivity for polyspecific and polyclonal antibody raised against 

E. vexans. 

(g) To detect the infection in tea leaves of different varieties by ELISA, dot blot and 

western blot analysis. 

(h) To determine the cellular location of crossreactive antigens in loosened cells, tea leaf 

tissues and basidiospores by using immunofluorescence technique. 

(i) To compare the field application of biocides and systemic fungicide for the 

management of blister blight of tea and immunological responses. 

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

study has been presented in the following pages. 



LITERATURE 
REVIEW 



Plants are usually immune to most microbial infections but sometimes they 

exhibit host-parasite relationship.The degree of relationship, however, varies from 

liigh compatibility to incompatibility. All plants irrespective of being susceptible or 

resistant have their own defence system but the spread and magnitude of response to their 

|iarasites differ. 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 microorganism 

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

dynamic competition and the final out come 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. A 

structure on one cell carries encoded biological infomiation that the structure on the other 

cell can decipher. Thus disease develops in individual plants by a series of sequential steps 

beginning with the arrixal of the inoculum at the plant surface and ending with terminal 

stages of patliogenesis (Cowling and Horsfall; 1978). These stages from first to last arc 

unique to each host and pathogen and also depends to a great extent on the prevailing 

cn\ ironmenlal conditions. Considering the importance of serological relationships for host-

pathogen interaction, a shoi1 selective review along these lines viz (a) Serological relatedness 

among fungal species; (b) Cross reactive antigens and (c) Detection of pathogen in host 

tissue has been presented below. 

Serological Relatedness among fungal species 

Many plant pathogenic fungal species are widely distributed and have broad host 

ranges and they are usually classified on the basis of morphological and cultural 

characteristics.ffowever, taxonomic distinction between some species is often difficult 

due to similar morphology and disease symptoms are usually not diagnostic for species 

identification. Various techniques have been used to study taxonomic relationships 

of closely related ftingi, including serological analysis (Krywienczyk and Dorworth, 1980 

Hardham ei. al. 1986). A possible, new approach for studying taxonomic relafionships 

and for the identification ofpailicular fungi involves the use of polyclonal and monoclonal 

antibodies. 

Bun-ell et al (1966), serologically studied three species of Phytophthora, by means 

ol'gel diffusion and immunofluorescence and found, that the nitrogen source, the amount 



of inoculum and the age of mycelium greatly affected the antigenic efficacy of the 

preparations. The antigens were found to be localized in the young growing tips of the 

hyphae. Species-specific sera were obtained and proved to be useful and efficient for the 

identification of P. cactorum, P. cinnamomi and P. erylhrosepticu. 

Serological dirfercnlialion in the genus Ceralocy.slis by using the serological 

techniques of agglutination, gel diffusion and immunofluorescence was reported by 

Amos and BUITCII (1967). Eight species within the genus Ceratocystis were identified. 

All these serological techniques proved to be applicable in the identification of three 

fungi.They found that it was necessary to assess selectively cross-reacting antibodies 

iVom the sera to make them species specific. The immunofluorescence techniques 

proved to be most useful in differentiating among these species. Although all of the 

species were shown to have serological differences, no differences could be seen in 

the A and B compatibility types of C. Jagacearum. 

Immunodiffusion tests were used to study the taxonomic relations of si.x 

heterothallic species of Phylophthora. P. cinnamomi was serologically distinct, where 

as two serological groups were evident among the five closely related species. When 

tested with antiserum to P. urecae, P. citrophthora, and one isolate of P. palmivora, 

comprised one group, and P. meadii. P. mexicana and one isolate of P. palmivora the 

second group. The five species were serologically identical when tested with antisera to 

either P. meadii or P. palmivora. On the basis of their results Merz et al. (1969) suggested 

that five species might best be incorporated into one, P. citrophthora. % 

The immunological responses of Verticillium alhoatrum and V. nigrescen.s 

pathogenic to cotton were compared. On basis of antigenic pattern Verticillium sp. 

were definitely differentiated from one another. Defoliating strain (Tg) of V. 

alhoalnim was shown to differ antigenically from the non defoliating strain (SS4). 

It appeared to be more closely related serologically to the mildly virulent V. nigrescen.s 

isolates than was the defoliating T9 isolates (Wyllie and Devay, 1970). 

A strain specific antiserum against the mature hyphae of Fu.sarium culmorum was 

prepared by Hornok and Jagicza (1973). Both the direct and indirect methods of the 

fluorescent antibody technique resulted in a specific yellow-green immunofluorescence, 

however,, indirect staining was always more intense. They found that there was a significant 



difference in the intensity of fluorescence between the mycelia of the homologous F. 

ciilmonim strain and those of the heterologous F. gramineanim and F. culmontm strains. 

All the other Fusarium species tested showed no detectable fluorescence, 'fhe heterologous 

strains off. ciilmonim and F. gramineanim could not be distinguished. No significant 

ditVcrcnce was found between the 'culmorunV strains from different host plants. The serum 

specific of F. culmorum and F. graminearum is suitable to separate these species from 

other fungi. 

Soluble proteins from the mycelia of 30 isolates of Phylophlhora cinnamomi and 

of fi\e isolates of/', caciorum when fractionated by disc electrophoresis yielded. 22 and 

26 bands with different densities (Gill and Zentmyer, 1978). The two species differed 

markedly and each exhibited its distinct, characteristic protein pattern to identify them. 

•f hey found that with one exception, there was little or no variation in the protein patterns 

v\ ithin the isolates of P. cinnamomi. Also identical or nearly identical protein patterns of 

each species were obtained regardless of date of isolation, host, or geographic locality. 

No differences in protein patterns were seen between the mating types of P. cinnamomi. 

Savage and Sail (1981) used Radioimmunosorbent assay, (RIS A) for detection of 

Boirylis cinerea in homogenized samples. They showed that as little as 1 OOmg of original 

fungal dry wl. can be detected. The assay was highly specific for B. cinerea although some 

showed 48% reactivity relative to B. cinerea and species of Sclerolinia and Monilinia 

showed 10-24% reactivity. All other fungi tested showed less than 0. !%> reactivity. The 

usefulness of the assay for detection of the fungus within host tissue was demonstrated by 

the high correlation (r = 833) of the assay results with an estimation of rot weight from field 

infected lots. Artificially produced infection levels representing 0.1% infected tissue mixed 

with tissue homogenates were easily distinguished from background by the assay. They 

found, that the use of microtiter plates made of polyvinylchloride greatly increased the 

response ofthe assay so that its resolving power was improved. 

The serological cross-reactivity of Sporothrix schenckii with various unrelated 

fungi was investigated by Ishizaki et. ai, (1981) using immunodiffusion tests. A 

rabbit anti-.S". schenckii serum was obtained, which reacted with Clasdosporium 

werneckii. C carrionii. C. hantanum, Coccidioides immitis, Phialophera jecmselmei, 

P. gougerolii, P. dermalilidis, Fonsecaea pedrosoi, Aspergillus fumigatus, Histoplasma 



8 

Ciipsidaliiiii and SucchciroDiyces cerevisae antigens. The serological determinants 

responsible for the cross-reactions were suggested by them to be D-galactosyl residues, 

^ lannelH el al. (1982) differentiated four formae speciales of F. oxysporu/ii [dianlhi. 

Dicloni.s. i}isi. lycopersici) and three Physiological races (1. 2, .1) of F. oxy.sponiDi f. sp. 

iiiclonis using specific antisera and the techniques of double diffusion and radio double 

dilTusion in agar. Three isolates of F. oxysporum f sp. dianlhi race 2 and 10 of sp. 

lycopersici race 1 tested against the appropriate antisera reacted the same within each 

race. 

Phylotoxic protein - lipo polysaccharide (PLP) complexes were isolated by 

Nachmias el. al., (1982) from dialyzed culture fluids of a pathogenic strain of 

Verlicillium dahliae. PLP complex which look phytotoxic activity were also isolated 

from a mutant non-pathogenic strain of the fungus and compared. A comparison 

profiles of wild type and mutant PLP eluting from an Agarose A-5 M column revealed 

quantitative differences between the 2 major protein peaks of each strain. The 

corresponding peaks of the 2 strains had similar molecular weights and in gel 

immunodiffusion were antigenically indistinguishable, but differences between them 

were seen in their chemical composition when analysed for protein, lipid and 

carbohydrate contents. Antiserum prepared against the components of peak 1 from 

the pathogenic strain reacted with an antigen in extracts of Verlicillium- infected 

potato tissue which was apparently identical to a moiety produced by the pathogen 

in culture. 

Immunological comparisons of teliospore surfaces of two Bunt fungi Tillelia 

conlroversa and Tillelia caries using polyclonal antisera and monoclonal antibodies 

indicated that both were very similar (Banowetz el. al., 1984). Spectrophotometric 

analysis of surface extracts also indicated no extractable protein. None of seven 

tluorescein-labelled lectins bound these teliospores, even after the spores were treated 

with 8M urea to enhance exposure of potential lectin-binding sites. No quantitative distinction 

of the two species was found by any of the methods used in this study. However, 'double 

antibody sandwich enzyme linked immuno-assay DAS-ELISA) demonstrated quantitative 

differences in the numbers of certain monoclonal antibody binding sites of the two fungi. 



Ala EL- Dein and EL-Kady (1985) used crossed immunoelectrophoresis (CIE), 

CIE with an intermediate gel and CIE with antibody absorption in situ techniques for 

comparison of the antigenic structures of Botrytis cinerea, B. lulipae, B. paeoniae and B. 

aim isolates. Antisera against antigens of these isolates, gene 24,15,20 and 15 precipitin 

peaks, respectively, when analysed in homologous reactions. CIE with an intermediate gel 

and CIE with antibod)' absorption in situ revealed that each isolate was serologically 

different from the other and had species-specific antigens. Eight aiitigens distinguished 

B0//7//.V c/nerea from the other species of Botrytis, these were present only in the 

former species. Botrytis allii had less common antigens than the other species. 

• Immunofluorescence tests, involving 34 species of fiongi were carried out by Chard 

el. a I., (198 5) on an anti Mycena galopus serum raised against partially purified antigenic 

fraction. Cross-reacting fluorescence was produced primarily by Mycena, deutromycete 

and ascomycete species, non-Mycena basidiomycetes generally showing less fluorescence. 

Absoiption of the antiseriuTi with mycelium from cross-reacting fungi resulted in a reduction 

in fluorescence of cross reacting species, mostly to an acceptable control level. 

Cross-reactivity between antisera produced against fimbrie of either Ustilago 

violacea (AV), or of Rhodotorula rubra (AR) and cell surface proteins of two 

ascomycete fungi, Ascocalyx ahietina and Ophiosioma ulmi was revealed by means 

of dot-immunobinding and immunocytochemical methods. Following treatment with 

antiserum AR, the walls, septa, and plasma membrane of A. abiclina and () ulmi 

cells were appreciably labelled by gold particles of which labelling intensity was 

higher in plasma membrane. No significant labelling with this antiserum occurred 

()\er cells of (). ulmi indicating that they either lacked these antigens or that these 

were more easily removed during the fi.xation process (Benhamou ci al. 1986). 

Agglutination response of the conidia of eight Fusarium species to lectins having 

different sugar binding specification were examined by Cristinzio et. uL. (1988). Conidia 

oral] the strain ol'F. solani and F. oxysponim were strongly agglutinated by concanavalin-

A and Helix Pomalia agglutinin; while D-marmose (and D-glucose) and N-acetyl-D-

galactosamine inliibited the agglutination induced by concanavalin A and HelixPomatia 

agglutinin, respectively. They examined conidia of other species of Fusarium (F. culmorum. 

/•'. SLunhucinum, F. graminearum, F. avenaceum, F. moniliforme and F. xylarioides) 
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and found that they were not agglutinated by either lectin. No conidia from the Fusarium 

species were agglutinated by wheat germ agglutinin, potato lectin and Ulex eropacus 

agglutinin -1 . These results have provided some insight into the chemical nature of the 

outemiost layer of Fusarium coiiidia and tliis information may be of taxonomic significance. 

• Fuhrmann el al. (1989) obtained antisera from rabbit immunized with antigens of 

Penicil/iiini verrucosiim var. verrucosum and characterized b\' immunofluorescence as 

well as indirect enzyme-linked immunosorbent assay for their reactivity with 44 strains of 

moulds. .Antigenically. P verrucosum var. Verrucosum (sub genus Pencillium) appears 

to be similar to strains belonging to subgenus Furcalum.hul strongly different from 

Pcnic'tUium jrequenlans (sub gtnusAsperi^illoidex). Specific absorption of structures 

were noted on Penicilllum frequenlans, Aspergillus versicolor, and Aspergillus 

fumigatus. Immunological procedures may thus significanth' contribute to refine the 

ta.xonomic classification of moulds. 

Antiserum (anti-PfM) raised against mycelial suspensions of Phyiophlhora 

fragariae isolates reacted strongly with antigens from several Phyiophlhora species. 

Some cross-reactions with antigens from Phythium species were decreased by 

fractionating on an affinity column of Sepharose 4B bound to extracts oi'Fragaria 

vesca roots infected with fragariae. Mohan (1989). tested the affinity-purified anti-

PfM retaining its high cross reactivity with the various Phyiophlhora species. He 

also detected infection of raspberry and strawberry roots by some Phyiophlhora 

species. This antiserum could, therefore, prove useful as a broad spectrum 

Phyiophlhora detecting antiserum. Anti-PfM could not be made specific for P. 

fragariae because it was raised against components shown to be antigenically similar 

in all Phyiophlhora species tested. However, immunoblotting with the affinity-

purified anti-PfM produced distinct patterns for P. fragariae. P. erythroseptica and 

/'. caclorum : three serotypes were identified for the latter species. 

The potential of polyclonal antisera and monoclonal antibiodies to differentiate 

aggressive subgroups of Ophiosloma iv/m/was explored by Dewey etal. (1989). Out 

of 33 cell lines that secreted monoclonal antibodies specific to O.ulmi, one third were 

non-specific. 11 were specific either to species or subspecies. Two cell lines differentiated 

mycelial antigens of the aggressive isolates oi'O. ulmi from those of the non aggressive 
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subgroup. Almost all the monoclonal antibodies and antiserum recognized antigen present 

in sLuface washings of cultiu-es on solid medium, in cell free extracts of mycelial homogenates, 

in cell free culaire fluids, and' in substances secreted overight by germinating spores. 

• Nameth et. al. (1990) developed monoclonal antibody (LK50) against 

Leplosphacria korrae (strain ATCC 56289) causal agent of necrotic ring spot disease 

of turfgrass. The antibody (MAb) was capable of detecting L. korrae in cultures and in 

the naturally inlected blue grass samples. In cross reactivity tests using indirect liLISA. 

MAb reacted positively to all 24 isolates of L. korrae. MAb reacted negatively with 38 of 

42 i.solates of related and non related fungi and negatixely to apparently health\' grass. 

Guranowska and Wolko (1991) compared the extracts from Fusarium oxysporum 

(F.o.) and Fusarium oxysporum var redolens (F.o.r) isolates by means of electrophoresis 

and crossed Immunoelectrophoresis. The polymorphism of fine isozyme systems allowed 

a distinction between F. o and F.o.r isolates. Tlie isozyme patterns of three other isozyme 

systems did not allow this distinction between F.o. and F.o.r to be made. Both fungi 

appeared almost identical serologically. Relative amounts of their corresponding proteins 

differed but the qualitative patterns of the proteins were nearly the same with the anti F. o. r. 

serum. Only one specific antigen was detected in the extracts from F. o.r. isolates Although 

ihe results obtained indicate a strong similarity between F. o. and F. o.r. they are not sufficient 

for an unequivocal statement that the fiingi belong to the same species. 

Wliite et al. (1994) raised two monoclonal antibodies and three polyclonal antisera 

to cell wall / membrane fractions of Pythium violae andPylhium sulcatum. When they 

screened with a collection of 40 isolates of the genus Pythium including 20 species and 

the fi-S group, they found extensive cross-reaction. However, when the binding of the 

antibodies was assessed in an enzyme-linked immunosorbent assay using cytoplasmic 

fraction antigens, the combined recognition patterns produced profiles unique to each 

species. On the basis of these profiles they used multivariate analysis methods to establish 

relationship between isolates. 

Monoclonal antibodies (MAbs) based immunoflourescence test for detection of 

Bolrytis cinerea on cut fiowers were developed by Jesus and Arjen (1994) .Tliree selected 

MAbs recognized conidia of 43 isolates of 5. cinerea from hosts. The percentage of 

conidia that fluoresced ranged from 50 to 100%. Intensity of fluorescence was related 
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more to the MAb than to the Botrytis isolate tested. MAbs showed no reaction with 

healthy tlowers or to spores produced by other common airborne fungi and bacteria. 

Cross reaction with conidia of four other species of Botrylis occurred, but their fluorescence 

lialtcrns differed from those of conidia of/?, cinerea. 

Ten monoclonal antibodies were selected from mice immunized witli a highly purified 

clicitin secreted by Phytophthora cryptogea termed as cryptogein (Devergne et. al. 

1994). These antibodies could be classified into five groups according to their cross-

leactivity to heterologous eliciting from oiher Phytophthora species, from strict specificity 

(reacting solely with cryptogein) to broad reactivity (reacting with all four eliciting under 

study). When examined on a real-time bio specific interaction analyser (BIA), these 

monoclonal antibodies were found to recognize at least three different epitopes on the 

cryptogein molecule. Their use in elicitin detection and quandfication was optimized in 

several ELISA protocols. Using mixed monoclonal polyclonal antibody, indirect DAS-

ELISA procedure detected as little as 20 pg of purified elicitin per well (100 |il). The four 

elicitins could be detected with the aid of one of couple of polyvalent reagents, while each 

one could be detected separately using appropriate monoclonal antibodies. 

Cross Reactive Antigens 

The serological relationship between plants and their fungal parasites have been 

repeatedly demonstrated over the years. There is evidence that host-parasite compatibility 

is related to their anfigenic similarity. 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. A number of reviews have been published previously in this area (Devay 

and Adler. 1976; Damien. 1964; Clark. 1981; Chakraborty. 1988; Purkayastha, 1989; 

Purkayaslhatv. al. 1991 and Purkayastha, 1994). 

Various serological methods for the differentiation between resistant and susceptible 

xarieties ofcotton infected with Fusarium oxysponim and Cilrus sp. with Phytophthora 

citrophthora have been described by Abd-EL-Rehim and Hashem (1970) and Abd EL 

Rehim et (//..(1971 a). Serological and immunoelectrophoretical investigation on water 

melon varieties, resistant and susceptible to Fusarium semilectiim also revealed that the 

culti vai-s could be differentiated by the titre or the time after which reaction occurred between 
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anliscra specillc to the pathogens and seed globulin. It was noted that a, b globulin was 

present only in the resistant varieties. (Abd-EL-Rehim el al., 1971 b). 

A common antigenic relationship between zea mays and Ustilago maydis was 

detected by Wimalajeewa and DeVay (1971). A pair of compatible haploid lines and two 

diploid solopathogenic lines off/, maydis were used in serological studies. Avena saliva 

var. 'Victory' and Hordeum vulgare var. California Mariout' were taken as resistant hosts. 

Certain antigens were found common between com and U. maydis. 

Charudattan and Devay (1972) compared preparations of antigens from four cotton 

varieties and isolates of A/.var/wm and Fe/'//c////'wOT species for common antigens. At 

least antigenic substance was common among the varieties of cotton and isolates of 

Fiisariiini oxysponim f sp. vasinfeclum. F. solani f. sp. phaseoli, Verlicillium 

ulhoralriiiu and V. nigresccns. Cotton varieties which were resistant or susceptible to 

l-'usarium wilt as well as pathogenic and nonpathogenic isolates of F. oxysporum f sp. 

vasinfeclum shared the common antigen. The common antigen v\as not shared between 

/•'. inoniliforme (nonpathogenic) and cotton. In gel-diffusion tests, five to eight precipitin 

bands were observed in the homologous reactions; oithese. onh' one or two bands were 

common in hetrologous reactions between the fiongal and cotton preparation. The common 

antigenic detenninant shared by cotton and the fungal isolates does not appear related to 

the severity of wilt symptoms, but it may affect host-pathogen compatibility during the 

process of root infection. 

Abbott (1973) determined the antigenic affinity among the saline soluble proteins of 

Triiiciim acsliviim and Avena saliva and soil borne fungus Ophioholusgraminis. Single 

precipitin band in immunodiffusion test was formed when antisera of the wheat and oat 

roots were allowed to diffuse with the antigens of O. graminis. 

The antigenic relationsliip between host and parasite in Fusarium wilt of cotton was 

also studied by Kalyanasundaram el al. (1978). Common antigen was shared by both 

avirulent and virulent isolates of Fusarium oxysporum f. sp. vasinfeclum with disease 

resistant and susceptible line of cotton. In all cases, the fiingal isolates invaded and parasitized 

cortical tissues of cotton roots, but only those fungal isolates that caused disease became 

established in the vascular system. Conidia of Fusarium oxysporum f. sp. vasinfeclum 

contained an antigen that cross-reacted with antiserum to cotton root tissue antigens. 
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Charudattan and De Vay, (1981) isolated the cross-reactive antigen (CRA) from 

fungal conidia purified and partially characterized them. The CRA migrated as a single 

band in poK'aciylamide or agar-gel electrophoresis, and sedimented as a single band during 

analytical ultracentrifligation. It was a protein-carbohydrate complex. 

" De Vay cl a/. (1981) also performed indirect staining of antibodies using tluorescein 

isothiocyanate (FITC) indicated that in cross-sections of roots, cut near or just below the 

root hair zone, the CRA was concentrated mainly around xylem elements, the endodemiis 

and epidermal cells and was present tliroughout the cortex tissue. Protoplasts prepared by 

ihem from cross-sections of young cotton roots also contained the CRA which was 

concentrated in the region of the plasmalemma. Treatment of the conidia and mycelia of 

P.O. V. with antiserum to cotton and using indirect staining the FITC indicated that the CRA 

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

Rabbit antisera were raised against the antigens of Macrophominaphaseolina 

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

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

and immuno-electrophoretic tests for the presence of common antigens between isolates 

of M phaseolina 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 

Purkayastha, 1983). 

Using ammonium sulphate and ion-exchange chromatography fractionation Chard 

el a/. (1985) partially purified the antigenic determinants specific for Mycena galopus and 

assessed the fractions by immunodifHision and Immunoelectrophoresis for the presence of 

the specific precipitation line. 

Cross-reactive antigens were detected in crude preparations and in purified 

preparations from mycelia of Phytophthora infestans Race 4. and Race 1.2.3.4.7. with 

antisera for potatoes cv. King Edward and cv. Pentland Dell by Alba and De Vay (1985) 

using an Indirect enzyme linked immunosorbent (ELISA) technique. 

Immunodiffusion, immuno-electrophoretic and crossed immunoelectrophoretic 

analysis of rice antigens using polyclonal antisera raised against Acrocylindrium oryzae 



15 

was done by Purkayastha and Ghoshal (1985). When the antigen preparation of A. ory'zue 

was cross reacted with its own antiserum or against the antisera of four susceptible rice 

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 of A. oryzae. Crossed-immunoelectrophoretic tests confirmed that there 

was a common antigen between Mahsuri and Jaya, and between Mahsuri and CR-126-

42-1. The precipitin band between the antigen preparation of jaya and A. oryzae was 

found to be similar. 

'̂  Purkayastha and Cjhosal (1987) compared the antigenic preparations from two 

isolates of Macrophomina phaseolina causal agent of root rot of groundnut, four 

non pathogens of ground nut (viz. Corticium sasakii, Colletotrichum lindemuthianum, 

C. corch.si. and Bolrylis alii), and five cultivars of groundnut using immunodiffusion, 

immunoelectrophoretic, and crossed immunoelectrophoretic techniques to detect 

cross-reactive antigens. Common antigens were found among the susceptible cultivars 

of groundnut and two isolates of M phaseolina but not between nonpathogens and 

groundnut cultivars. No antigenic similarity was found between nonpathogens and 

h4. phaseolina isolates. 

" Chakraborty and Purkayastha (1987) reported the changes in antigenic patterns 

after chemical induction of resistance in susceptible soybean cultivar (Soymax) to 

Mucrophomina phaseolina, Sodium azide (lOOfXg/ml) altered antigenic patterns in 

susceptible cultivar (soymax) and reduced charcoal rot disease. Similar results were 

also obtained by Ghosal and Purkayastha (1987) in susceptible rice cultivar (Jaya) 

and Sarocladnim oryzae after altering disease reaction (Sheath rot) by the application 

of gibberellic acid and sodium azide (100|Xg/ ml). 

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, 

immunoclcctrophoresis and indirect ELISA technique. Among the six antibiotics 

tested cloxacillin and penicillin induced maximiun resistance against anthracnose. Cloxacillin 

(1 00 fig/ml) also altered the antigenic pattern of treated leaves. The\' detected cross 

LUG V^^ f\ Q 
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reactive antigens between susceptible soybean cultivars and the virulent strain of 

Colletolrichum demalium var. truncata but no cross reactive antigens were detected 

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

corchori). 

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

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

resistant cultivar (UPSM-19) of soybean for analysis of cross reactive antigens shared 

between host and parasite. Results of immunodiffiasion revealed that common antigens 

were present only between the virulent strain and susceptible host-cultivars. But no cross 

reactive antigen was detected in case of resistant cultivars (UPSM-19 and DS-73-16). 

Immunoelectrophoretic analysis showed that one common antigen was shared by 

susceptible hosts and the virulent strain (M-1). This was fiirther confirmed by both crossed 

and rocket immuno-e]ectrophoresis.(Ghosh and Purkayastha, 1990). 

Serological relationship between Sderotium rolfsii and groundnut cultivars were 

studied by Purkayastha and Pradhan (1994). Among three strains (266, 23, M) o'iS. 

rolfsii, 266 was most virulent and exhibited antigenic relationship with susceptible cultivars 

(Gangapuri, J-11 and AK-12-24) of ground nut. The strain 23 also exhibited common 

antigenic relationship with cv. AK-12-24. Resistant cvs. JL-24 and lCGS-26, however, 

showed no antigenic relationsliip with flingal strains. A systemic ftingicide kitazin EC 48% 

(500|ig/inl) altered the antigenic pattern ofroots of a susceptible cv. AK-12-24 and also 

reduced disease markedly. 

Antigens obtained from tea varieties, isolates of Dipolaris carhonum and non 

pathogens of tea B. tetramera and B. seluriae, were compared by immunodiffusion, 

Immunoelectrophoresis and ELISA to detect cross-reactive antigens (CRA) shared by 

the host and the parasite. CRA were found to be in the susceptible \arieties (TV-9. I 7 & 

1 8) and isolates of/?, carhonum (BC-l. 2.3 and 4). Such antigens were not delected 

between isolates of/i ciirhoniiiii and resislanl varieties (i^V-16.2.'̂  and 26). non paliiogcns 

and tea varieties, as well as non-pathogens and isolates ofB. curhonunt Indirect staining 

itfantibodies using fluorescein isothiocyanate (FITC) indicated that in cross sections of 

leaves (TV-18), the CRA were concentrated mainly around epidemial cells. Treatment of 

mycelia and conidia of 5. carhonum with antisera to leaves of (TV-18) and indirect 

file:///arieties
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staining with FITC indicated the presence of CRA in the young growing hyphal tips and 

conidia. (Chakraborty and Saha, 1994). 

Polycolonal antisera were also raised against mycelial suspensions of P theae (isolate-

pt-2), causal agent of grey blight disease and leaf antigens of Teen-Ali-17/] 154/ and CP-

1 and immunological tests were performed in order to detect cross reactive antigens (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 of CRA in the 

epidermal cells and mesophyll tissues of tea leaves. CRA was evident in the young hyphal 

tips of the mycelia and on tlie setulae and appendages of the conidia of P. theae (Chakraborty 

e/, a/, 1995). 

Among the tested varieties, TV-18 and Teen-Ali 17/1/54 were found highly 

susceptible, while CP-1 and TV-26 were resistant under identical conditions. Plant antigens 

were prepared from healthy leaves of five selected varieties and fiingal antigens. Another 

serological experiment was performed by Chakraborty el. al. (1996) by raising polyclonal 

antisera against leaf antigens of tea varieties (TV-18, Teen-Ali 17/1 /54 and CP-1) and 

mycelial antigens of G.cingulata (isolate GC-1) separately in white rabbits. CRA were 

found among the susceptible varieties and G. cingulata isolates. Such 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 ELISA and their cellular location in root tissues were 

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

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

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

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

column chromatography. Antigens of susceptible cultivars showed higher absorbance values 

than resistant cultivars when tested against the purified anti F oxysporum antiserum. Indirect 
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Fluorescence tests using FITC indicated that in cross-sections of roots of susceptible 

cultivar (UPSM-19) CRA were concentrated around xylem elements, endodermis and 

epidermal cells while in resistant varieties fluorescence was concentrated around epidennal 

cells. 

Detection of Pathogen in Host tissue 

Tlie development of serological techniques have produced a number of highly sensitive 

methods for detecting microorganisms in diseased plants. These techniques are highly specific 

and has the ability to detect even very small amount of pathogen in the host tissues. A 

number of recent reviews have been published by workers in this direction (Hansen and 

Wick, 1993 and Werres and Steffens, 1994). 

Species of Aspergillus and Penicillium was found to be predominant fungi from 5 

samples of stored grains when isolated in culture. By using an immunofluorescence method 

Warnock (1973) confimied the presence of these fiingi in most grains, but the amounts of 

mycelium involved were smaW. Allernaria sp. were not isolated from 3 of the samples but 

small amounts of Allernaria mycelium were detected in grains of all the samples studies. 

Casper et. al, (1979) used the technique of enzyme-linked immunosorbent assay 

(ELISA) to estimate Verticillium lecanii at different stages of infection in leaves of wheat 

heavily infected with yellow rust {Puccinia striiformis). 

Duncan (1980) detected the red stele pathogen, Phytophthora fragariae by a 

"root-tip bait" test in certified commercial stock of strawberry plants, supposedly 

free of disease. Susceptible bait plants were grown in a mixture of compost and root 

tips cut from runner plants. When root tip samples were prepared from a combination 

of 1:99 infected / un-infected runner plants, the test gave positive results in all 10 

trials. 

Marshall and Patridge (1981), raised antibodies to the ribosomes of Fusarium 

moniliforme and com {Zea mays L.) and showed them to be specific by the Ouchterlony 

double-diffusion test and sucrose-density gradient analysis of the antigen-antibody reaction. 

Antiserum to homogenates of washed Epicholoe typhina mycelium grown in liquid 

medium was prepared and used in an enzyme-linked immunosorbent assay (ELISA) to 
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detect antigens of tlie fungus in tall fescue tissue samples. With ELISA as little as lOOmg 

of freeze dried E. typhina mycelium per milliliter, was detected. Of 14 fungal genera 

tested, including/^crt'n70«/w/77, Claviceps, Helminthosporium, Pythium, Rhizoctonia 

and Scleroliiun, all showed reactivities less than 0.1% that of £ lyphina (Johnson el. cil, 

1982). 

Antisera were made to both a whole cell and cell wall preparation of Eutypa 

armeniaceae. Gendloff e/.a/. (1983), tested Rhodamine isothiocyanate (RITC) 

conjugated antisera for reactivity with various fungi on glass slides. They found 

that, both the antisera showed low specificity, but specificity was improved by cross-

adsorption of the RITC-conJugated cell wall antiserum with Phomopsis viticola. Woody 

cross-sections from concord grapevines inoculated with E. armeniaceae and also inliabited 

by various other fiingi were stained directly with the conjugated anti-Eutypa rabbit serum. 

In an indirect staining procedure, sections were treated with anti-Eutypa rabbit serum then 

stained wtih RITC-labelled goat anti-rabbit gamma globulin. Both procedure specifically 

stained hyphae in wood sections. Hyphae stained indirectly in woody vine sections showed 

a much higher fluorescence than analogous hyphae stained by the direct method. Fungi of 

some species that reacted strongly with the direct method on glass slides did not always 

react when stained indirectly in woody vine sections in which they were growing. 

Antisera to Phoma exigua var.foveata and var. exigua were prepared by Aguelon 

and Dunez (1984) by injecting rabbits with protein solutions from mycelium. 

Immunoenzymatic techniques (DAC and DAS ELISA) were used to test for the 

fungus in inoculated tubers and sprouts and in stems grown from these tubers. The 

fungus was detected in these different tissues, with var.foveata being more aggressive, 

demonstrating the applicability and sensitivity of the techniques. Tlie antibodies produced 

to the two varieties of the fungus were not specific to their own varieties. They also reacted 

with Phoma iracheiphila but did not react with several other common potato pathogens. 

Reddy and Ananthanarayanan el.al. (1984), provided an interesting practical 

application of the fluorescent antibody technique for the detection of Ganoderma hicidum 

inl the roots of betel nut. 

In liquid culture. Pha.seolu.s .schM'einitzii, causal agent of root rot of conifers, secretes 

a numberof species specific and stain specific polypeptides which are detectable by SDS-
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PAGE and isoelectric focussing. Dewey et.al, (1984) used indirect immunofluorescence 

microscopy to detect the binding of species-specific antisera to extracellular 

niacromolecules secreted by the fungus, to the cell surface of basidiospores and 

chlamydospores, and to the cell surface and cross walls of mycelia. Common antigenic 

determinants were present in extracellular culture filtrate material and walls of mycelia, 

chlamydospores, and basidiospores. They demonstrated the presence of mycelium and 

on occassions clilamydospores in naturally and artificially infested soil samples by indirect 

immunofiuorescence using andsera to culture filtrate molecules.This makes possible 

identification of the kind of propagule most likely to be the source of field isolates of the 

organisms. 

Walcz et al. (1985) described ELISA techniques for the detection o^Sclerotinia 

sclerolionim from both artifically and naturally infected host plants. Such technique 

showed good specificity and sensitivity in detecting 'Sclerotinia' antigen at a 

concentration as low as lOng/ml. 

Gerik et.al (1987) detected hyphae of Verticillium dahliae in cotton root tissue 

\\ ith indirect ELISA. A soluble protein extract of V. dahliae was used to prepare a specific 

rabbit antiserum. The reaction of this rabbit antibody to the hyphae of I' dahliae were 

readily ob.served on and in root cortex of the host using a dissecting microscope. This 

technique allowed for rapid detemiination of the presence and location of (-' dahliae in the 

root systems and may be applicable to other fungal species for which a specific antiserum 

can be produced. 

The surface deposition and accumulation of cerato-ulmin by the aggressive 

isolates ofOphiostonia iilmi were demonstrated by Svircev et.al. (1988). The protein 

A-gold complex was present on tlie surface of the vegetative hyphae, synnemata, synnematal 

spores, perithecia and ostiolar hairs of the aggressive isolates of O. ulmi containing the 

toxin cerato-ulmi (CU). Tliey found that the protein A gold label was either evenly distributed 

on the fungal surface or in the form of large surface aggregates. The non-aggressive isolate 

(0412) of O. ulmi had a low concentration of protein A-gold label on its ftingal structures. 

When the specific CU antiserum was replaced by preimmune serum, a lack of the protein 

A-gold label was evident on all fungal structures of the aggressive isolate of O. ulmi. 



Colonization of field-grown cotton roots by Verficillium dahliae was studied by 

(icrik and lluisman (1988) by using a specific immunocnzymatic staining technique. They 

found thai the colony densities of V. dahliae increased with distance from the root tip with 

llie maximal density occuring more than 1 cm from the root apex. The mean colony length 

of r dah/iac was 7.3 mm. and increased colony length was correlated with distance fi-om 

root apices. Hyphae of V. dahliae were present through the entire depth of the cortex, and 

were greatest in the interior of the root cortex at the surface of the vascular cylinder. The 

colony appearance was consistent with growth of hyphae from the root surface toward the 

stele. 

Amouzou-AUadaye el. al. (1988) obtained rabbit antisera against mycelial 

protein extracts of one strain of Phytophthora fra^ariae which had a dilution end 

point of 1/64 in double diffusion and 1/512,000 in indirect ELISA. They found that 

this serum could detect 11 different strains of P. fragariae and the pathogen in 

naturally infected or inoculated roots. Although the sensitivities of direct double 

antibody sandwich (DAS) and indirect ELISA were comparable, the DAS ELISA 

was more specific for the detection of P. fragariae in strawberry roots. The antiserum 

failed to react with 18 fungal species isolated from underground parts of strawberry 

but reacted with some strains of P. cactorum which parasitized only rhizomes but 

not roots, and Pylhium middle/onii, which was isolated sometimes in association 

with P. fragariae from strawberry roots. In inoculated strawberry roots, P. fragariae 

was detected reliably by DAS-ELISA several days before oospores were found and 

before symptoms developed. 

Unger and Wolf (1988) have presented an indirect ELISA for quantitative detection 

of Pseudocercosporella herpotrichoides infections in wheat. All tested isolates reacted 

on a high level. No cross reactions occur with extracts of 11 other species of in vitro 

cLilli vated fungi nor with plant material infected with other pathogens. The infection profile 

tlii'oughout the leaf sheaths was clearly reflected by ELISA. They examined 24 stem-base 

samples from the field which showed that the values assessed by ELISA correlate well, 

also with the disease indices of naturally infected plant material. 

Mohan, (1988) could also detect fiingal antigens in extracts of strawberry Fragaria 

ve.sca and F. ananassa cv. Cambridge Favourite infected with any of the five isolates 
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studied, produced strong reactions in ELISA. In F. vesca, EI.ISA-positive material was 

delectable 6-8 days after inoculation before macroscopic symptoms appeared. The cultivar 

Ked Gaunlet, which is resistant to Pf 1,2 and 3 but susceptible to Pf 10 and 11. reflected 

this differential response in ELISA : He found that the absorbance produced by extracts of 

plants infected with Virulent isolates was significantly higher than that obtained with the 

coi-responding extracts of plants inoculated with virulent isolates. The recently introduced 

cultivars Hapil, Ostara and Providence were found to be susceptible to all isolates in this 

study : the corresponding root extracts were also positive in ELISA. The antiserum also 

delected P. cuclorum infections. Nevertheless, the ELISA test described should prove 

valuable in screening certified strawberry stocks. 

Sengupta et. al. (1989) studied the outer membrane proteins (OMPs) of Vibrio 

cholerae strains of 01 and non 01 serovars. They found marked similarity in the 

OMP profiles of different V. cholerae 01 strains but the OMP profile of a non 01 

strain was somewhat different. Antigenic relatedness between the OMPs of different 

]'. cholerae strains was established by enzyme-linked immunosorbent assay (ELISA). 

Immunoblotting experiments were demonstrated by them which showed at least 

iwo OMPs of 36 and 25-26 Kda were immunogenic and common to strains of 01 

and non 01 serovars. Antiserum raised against the outer membrane of a V. cholerae 

strain, and rendered specific for its OMP by absorption with lipopolysaccharide. 

inhibited in vitro the intestinal adhesion of the homologous and heterologous strains 

of V. cholerae irrespective of their biotype, serotype and serovar. Furthermore, 

antiserum to OMPs induced passive protection against Vibrio challenge in rabbit 

ideal loop experiments. These results suggest that the OMPs may be useful in 

immunoprophylaxis against cholera.Antiserum was raised against pooled mycelial 

suspensions from five isolates (designated Pf 1, Pf2, PD, Pf 10 and Pf 11) representing 

five physiologic races o\'Phytophthora fragariae. In enzyme linked immunosorbent 

assay (ELISA), this antiserum detected homologous soluble antigens at protein 

concentrations as low as 2 ng/ml. 

Competitive types of two novel enzyme linked immunosorbent assays (ELISA) for 

hiisariiini species were developed by Kitagawa e[. ai (1989) Anti.scnim against a strain 

(1004) off", oxysponini was elicited in rabbits, and a highly specific, sensitive and acurate 

ELISA -for the homologous strain was developed by using the antiserum with 
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P-D-galactosidase labelled anti-rabbit IgG as the secondary antibody and cell fragments 

of the strain attached to Amino Dylark balls as the solid-phase antigen. All other 

microorganisms tested, including nine other strains of Fusarium, showed little cross-

reactivity. When cell fragments ofF. oxysporum (F501) attached to the balls were used 

as a solid-phase antigen in a heterologous competitive ELIS A, the modified system was a 

general assay for 10 strains of four Fusarium species with a high sensitivity. The specificity 

of the heterologous competitive ELIS A was shown to be limited to Fusarium species. 

The reason for developing the improved ELISA is also presented by them. 

Lahge et.al. (1989), raised an antiserum against Plasmodiophora brassicae, the 

causal agent of club root of cabbage. They used a semipurified suspension of spores of P. 

brassicae as antigen, obtained by Alteration and PercoII gradient eentrifiigation of infected 

roots. Crude root suspension samples were bound to a nitrocellulose membrane and tested 

by a dot immuno binding assay. The individual steps of the serological procedure were 

examined with a scanning electron microscope. The surface of the resting spores of P. 

brassicae, race 7, appeared smooth, while the dot immuno binding proccessed spores 

had a heavy, irregular coating, which was demonstrated to originate from incubation in the 

primary antiserum. Normal serum did not give rise to a coating on the resting spores. The 

antiserum P. brassicae did not react with surface antigens of resting spores Polymyxa. 

Further no cross reaction with other common root pathogen such as Pythium ultimum, 

Rhizoctonia solani and Fusarium oxysporum was observed. With antiserum prepared 

against spore suspension antigenic determinants the dot immuno binding technique 

can be used as a routine test for detection of infection of P. brassicae in host plant 

and in bait plants (used as indicators of soil infestation). The sensitivity obtained 

was within the range permissible for a routine test; 

Immunofluorescent antibody is an usefiil method for detecting Phytophthora. But 

the autofluorescence and the nonspecific staining of soil particles interfere with the detection 

of the fungi in soil. Watabe (1990) reported that the pretreatment of the samples with 

gelatin rhodamine conjugate, prevented the samples from the autofluorescence and the 

non-specific staining and therefore permitted the immunofluorescent antibody staining in 

soil. He detected stained Phytophthora easily on the yellow-orange background. 

Phelps et al. (1990), developed an enzyme-linked immunosorbent assay for 

isomarticin, a naphthazarin toxin produced by Fusarium solani. They used a carbodiimide 
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procedure to couple the hapten isomarticin to bovine serum albumin for the immunogen 

and to alkaline phosphatase for the enzyme linked tracer. The resulting assay had a detection 

limit of 2 ng/ml for isomarticin. Other naphthazarin toxins were detectable at less than 10 

ng per well in l.iLlSA plates, ihe as.say was specific Ibr naphthcizarins. The cross-reactivity 

for a number of phenolic compounds including the closely related naphthoquinones, was 

tluee orders of magnitude less sensitive. 

Hardham et al. (1990) studied, Glycoconjugates on the surface of zoospores and 

cysts of the pathogenic flingus Phytophthora cinnamomi, using fluorescence isothiocynate 

labelled lectins for fluorescence microscopy and flow cytrometry, ferritin and gold-labelled 

lectins for ultra structural analysis. They found, that, of the five lectins used, only concanavalin 

A (Con A) binds to the surface of the zoospores, including tlie flagella and water expulsion 

\acuole. This suggests that of accessible saccharides, glucosyl or mannosyl residues 

predominate on the outer surface of the zoospore plasma membrane. Early in encystment, 

a system of flat disc like cisternae, which underline the zoospore plasma membrane, 

vesiculate. These and other small peripheral vesicles quickly disappear. After induction of 

encystment. Con A is no longer localised close to the plasma membrane but binds to 

material loosely associated with the cell surface. Quantitative measurements by flow 

cytometry indicate that the Con-A-binding material is gradually Icxsl from the cell surface. 

The cyst wall is weakly labelled, but the site of germ tube emergence stains intensely. 

During the first 2 min after induction of encystment, material that binds soyabean agglutinin. 

Helix poiviuuliu agglutinin, and peanut agglutinin appears on the surface of the fungal 

cells. The distribution of this material, rich in galactosyl orN-acetyl-D-galactosaminosyl 

residues, is initially patchy, but by 5 min the material evenly coats most of the cell surface, 

labelling of zoospores in which intracellular sites are accessible indicates that the soyabean 

agglutinin binding material is stored in vesicles that lie beneath the plasma membrane. 

Quantitation of soyabean agglutinin labelling shows that maximum binding occurs 2-3 min 

after the induction of encystment. 

An immunocytochemical stain was developed by Young et al. (1990) to detect the 

basidiomycete/^//?6^//V/ homhacina in apple leaf litter. The polyclonal antibodies for.^. 

honihacina were sufficiently specific and only hyphae of this fungus were detected in 

immunocytochemically treated sections of dead leaves inoculated whhA. homhacina. 

Apple leaves naturally infected with Venturia inaequalis were inoculated with A. 

file:///acuole
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hombacina incubated outside fi-om November 1986 to May 1987, and sampled monthly. 

They found from the sections stained immunocytochemically, ihaXA. hombacina grew 

cndophytically and epiphytically. The antagonist prevented either growth of hypae of V. 

iiuiL'cjuali.s into the interior leaves, nor initiation of pseudothecia. There was no particular 

spatial association between hyphae of the two fungi, nor any sign of direct parasitism of 

hyphae or pseudothecia of V. inaequalis. Pseudothecia in leaves with the antagonist did 

not mature further that the stage of producing pseudoparaphyses. reaching an average of 

84 |im in length. Pseudothecia in leaves without/I. hombacina developed asci normalK' 

and were 108 ^m long by 1 May. These data were confimied by result from an abbreviated 

sampling scheme of Mc Intosh apple leaves during 1987-1988 and by observations of 

pseudothecial inhibition in crab apple leaves following delayed application of the antagonist. 

Harrison et al. (1990) raised polyclonal antiserum, in rabbit, immunized with a 

mycelium extract of Phytophthora infestans, and reacted in an enzyme-linked 

immunosorbent assay (ELISA) with mycelial extracts of two Phytophthora species 

but not with those of 10 other micro-organisms found on potato. P. infestans mycelium 

in leaf tissue was readily detected by ELISA using either the plate-trapped antigen 

of F. (ab), antibody fragment techniques. The amount of mycelium in leaf extracts 

was estimated by comparing the values obtained in ELISA with those for known 

concentrations of P. //7/e.sYc/m'mycelium. 

Daniel and Nilssan (1991) raised polyclonal antiserum against mycelial extracts from 

the degrading soft rot fungus Phialophora mutahilisAn enzyme-linked immuno sorbent 

assays (ELISA), the antiserum reacted strongly with its homologous antigen and cross 

reacted strongly to moderately with six other soft rot Phialophora species. With the 

exception of Ceratocystis, the serum reacted weakly or not at all with 11 other mold, 

blue, and rot ftingi occuring frequently in or on wood. They found that the antiserum cross-

reacted strongly witli antigens in extracellular filtrates from mutabilis cultures that contained 

about 40 ng/ml of protein. Ultra structural and immunocytochemical studies on wood 

degraded by P. mutabilis showed specific localization of the antibody on the fungal cell 

wall and certain intracellular structures. Extracellular labelling within soft rot cavities and 

sites of erosion decay of wood also were noted. The antiserum was assessed by ELISA 

for detecting the presence of the fiingus and soft rot in untreated and preservative treated 

wood blocks of pine and birch degraded for periods of 1 -12 months. P. mutabilis was 
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detected in samples from all wood blocks degraded to low or high weight loss. Highest 

ELISA reading were recorded by Daniel et. al. (1991) for wood blocks with highest 

substrate losses and vice versa. 

Sundaram et. a/. (1991) raised polyclonal antisera against purified mycelial proteins 

from Verlicillium dahliae, the predominant fungus species in the potato early dying 

complex. The antisera was tested against crude mycelial preparations of Verticillium sp. 

used indirect enzyme linked immunosorbent assay (ELISA) reacted positively with 11 of 

12 V. dahliae isolates from potato, cotton and soil but negatively with one isolate from 

tomato. They found, that the antisera did not react with mycelial proteins from Fusarium 

sp.. from potato and cotton, with a Colletotrichum sp. from potato, or with one isolate of 

Rhizoclonia solani from sugarbeet.Double antibody sandwich ELISA using polyclonal 

antisera, detected V. dahliae and V. albo-atrum in infected roots and stems of potato. 

Shane (1991) compared methods for sampling turf grass tissue for their effectiveness 

in monitoring Pythium blight epidemics with enzyme linked immunosorbent assay (ELISA). 

1 le took sample areas which consisted of marked strips golf-course fairways and trees 

with bent grass and annual blue grass, naturally infested by Pythium aphanidermatum. 

(1) Sample consisted of whole plants picked by hand and assayed as whole plants, (2) 

whole plants sectioned into lower, middle and upper strata components and (3) leaf clippings 

collected with a reel mower set at a 1.2 cm cutting height, ELISA readings for mowed 

samples generally matched those for whole-plucked samples ( r values ranging from 0.457 

to 0.601). He found fluctuations in detectable Pythium antigen more pronounced on the 

upper most stratum compared with moderate to very little change in ELISA readings for 

the two lower strata. Several episodes of^ Pythium antigen increase were detected by 

ELISA assays of mowed samples, although signs and symptoms o^ Pythium blight were 

not evident. However, increases in ELISA readings ^oxPythium coincided with, but did 

not generally precede the on set of blight symptoms with a 2 to 3 day sampling interval 

Antibody aided detection is useful for verification of diagnosis and detemiination of general 

Pythium population fluctuations, but cuiTcnt methodology is not satisfactory for advanced 

detection of blight epidemics. 

Ricker et. al. (1991) designed experiments to produce water-soluble antigens by 

Botrytis cinerea which were detected in spiked and naturally infected grape juice by using 
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an enzyme immunoassay with an indirect fromat of antibody horse-radish-peroxidase 

conjugates bound to polyclonal rabbit antibodies directed against B. cinerea (anti-BcIgG). 

Protein A purified gamma globulin from an early bled antiserum which reacted primarily 

with low molecular weight compounds present only in extracts of 5. cinerea, was used to 

specifically detect B. cinerea, and quantity levels of infection in juice from infected grape 

berries. They used, late-bled, higher titer antiserum which cross-reacted with proteins and 

carbohydrates present in extracts from species ofBotrytis, Aspergillus, Penicillium and 

Uncinula. to quantify levels of rot caused by the presence of multiple fungi. Minimum 

detectable levels of infection based on mixtures of clean and infected juice, were 0.25-

0.5% with 803-7 IgG and 0.02% with 803-19 IgG by using antigen from Aspergillus 

niger coupled to Sepharose beads improved specificity of anti-BcIgG to B. cinerea, but 

decreased detection sensitivity to approximately 0.5% infection. Cross-reactivity of all 

anti Be IgG collections was consistent low with juice extracted from uninfected grape 

berries. In contrast cross-reactivity of anti BcIgG with water soluble antigens extracted 

liom sterile and reproductive structures of several ftingi was found to be, negligible in early 

bled antiserum and increased in subsequent collections. The increase, in cross-reactivity in 

late-bled antisera correspond with an increase in the overall serum titers for anti BcIgG to 

antigens from B. cinerea. Nonspecific binding of 803-19 IgG was high with extracts from 

A. niger and an unidentified species oiPenicillium, suggesting numerous epitopes common 

to antigens from these fimgi. 

Nemee et. al{ 1991) detected Naphthazarin toxins of Fusarium solani by competitive 

ELISA analysis in xylem fluid of roots rotted by F. solani and symptomless scaffold roots 

and branches of healthy appearing and diseased citrus trees in ndge and flatwoods Florida 

groves. Studies concentrated on blight, a wilt disease with an undefined cause and etiology. 

to detemiine if F. solani is a casual factor of the disease. They found that healthy appearing 

I'oots of trees with blight symptoms in six groves contained upto 11.4 times more toxin than 

roots of healthy trees in the same groves. In blight diseased trees from these groves, median 

toxin values per root and the percentage of roots positive for toxin were higher than for 

healthy trees. In two groves, one containing tristeza-diseased trees and the other foot rot 

diseased trees, toxin concentrations were greater in diseased compared with healthy trees 

only in the loot rot site. Toxin concentrations were not different healthy-appearing roots of 

healthy tangerine and sweet orange trees on Citrus liman (Milan) in adjacent groves in a 
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buiTowing nematode site. Significantly more toxin was present in branches of blight than in 

healthy trees in two of three groves. In fibrous roots infected by F. solani, 

immunocytochemical localization of naphthazarins was present in flingal cell walls and 

associated electron dense substances on the outer surface of the hyphae. In the fungal 

cytoplasm, the toxin was localized in non membrane-bound electron-lucent areas. The 

presence of napthazarin toxins in blight diseased trees as well as these with other diseases 

suggests the non specificity of F. solani pathogenic activity on various root stocks. Tlierefore, 

in situ toxin concentrations high enough to trigger pathogenic effects in susceptible root 

stocks may be required to cause blight. 

Gwinn el. al. (1991) determined the distribution of the endophytic fungus, 

Acremonium coenophialum within the tissues of infected tall fescue {Fesluca 

anmdinaceae) with tissue print-immunoblot (TPIB), however, the accuracy of this method 

in the detemiination of endophj^e infestation levels of pastures and seed lots has not been 

evaluated. They have compared TPIB to other methods used for endophyte detection. 

They fijrtlier tested seeds of loiown endophyte infestation levels with TPIB. Percentage 

endophyte infestation did not differ significantly fi-om the expected values. Also, no significant 

differences were found between results of protein A-sandwich ELISA and TPIB tests 

when both were used to estimate endophyte infestation levels in pastures. Therefore, 

accuracy of TPIB is comparable to other endophyte detection techniques and can be used 

for routine detection of endophyte in tall fescue tissues. 

Two commercial serological assay kits were composed by Benson (1991) to a 

culture plate method for detection of Phytophthora cinnamomi in root samples from 

inoculated azaleas. Both the multi well E. Kit and the rapid assay F. Kit detected P. 

cinnamomi on azalea roots begining 1 wk after inoculation. Agreement between 

immunoassay kits and culture plate results for detection of P. cinnamomi was most 

consistent begining 3-5 wk after inoculation. He found, root symptoms, but not foliar 

symptoms, of phytophthora root rot, evident during this period. There was a positive 

correlation between root rot severity in green house trials and root sample absorbance 

(multiwell) or meter reading (rapid assay) but not between symptoms severity and 

immunoassay results. Although colour reactions in the rapid assay detectors became 

increasingly darker after completion of the test, results after 5 min were as reliable 

as those dfter 60 min since readings for uninoculated controls used to determine test 
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thresholds also increased with time. The multi well kit detected P. cinnumomi in root 

samples containing as little as 1.0% infected root tissue. In a commercial nursery survey. 

5 and 15% of the azalea root samples at two nurseries had positive ELISA values that 

were un confirmed by culture plate. The rapid assay kit detected P. cinnumomi, was easy 

to use, and gave results in a short time. 

Pscheidt et. al, (1992), tested the sensitivity of a Phytophthora specific immuno 

assay kit on 17 species ol' Phylophthora collected throughout the world, including 

18 isolates each of P. cinnamomi and P. cactorum. Kits were also used in the diagnosis 

of plant specimens with symptoms characteristic of Phytophthora infection, which 

are sent to Oregon State University's Plant Disease Clinic. All Phytophthora isolates 

tested produced a positive reaction with the immuno assay kit. The lowest 

absorbencies relative to other species were obtained from P. cinnamomi and P. 

megaspermu (Originally isolated from Cherry). Variation in absorbance was high 

among isolates of infection produced a positive reaction with the immunoassay, as 

did pure cultures of the immunoassay, as did pure cultures of Phytophthora sp. isolated 

from the samples. Cross reactions occurred with several Pythium sp. isolated from clinic 

samples and with several specimens infected with Pernospora sp. Other samples without 

typical Phytophthora symptoms, but associated with other pathogens did not produce a 

positive reaction with the immunoassay. Cross-reactivity with some Pythium sp. made 

interpretation difficult, but when kit results were combined with field histories and 

symptomology, the immunoassays proved to be a usefiil tool in clinical diagnosis. 

Takenaka (1992), utilized ribosomal protein differences among snow mold fungi 

and wheat, to detect the causal fungi in infected wheat leaves by indirect enzyme linked 

immimosorbent assay (ELISA) and Westem blot analysis. He raised polyclonal antiserums 

against the ribosoms of Pythium paddicum, P. iwayami. Typhula incarnata and 

Microdochium nivale and tested for sensitivity and specificity with ribosomes of these 

four pathogens, Typhula ishikariensis, and wheat. Using polyclonal antiserums, ribosomes 

of P. paddicum and P. iwayamai were serologically identical, the ribosomes of T. 

incarnata and T. ishikariensis had partial common antigenic determinants but there were 

apparent serological differences among/y//z/;v/77sp, Typhula sp. M. nivale. and wheat. 

With indirect ELISA, ribosomes of Pythium sp. were detectable at a concentration of 69 

im/ml and ribosomes of 7". incarnata and M nivale at a concentration of 210 nu/ml. The 
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ribosomes of each target pathogen were detected from completely rotted wheat leaf 

homogenates diluted upto 1 :1000 or 1 : 10,000. The indirect ELISA could not differentiate 

P. /)ciddiciim from P. iwayamai infected plants or T. incarnata from T. ishikariensis 

infected plants but could detect and differentiate snow mold fungi at the genus level in 

wheat plant. Western blot analysis with these antiserum also could not differentiate P. 

jxtddicum from P. iwayamai but could differentiate wheat leaves infected wdth T. incarnata 

from those infected witli T. ishikariensis. These immunological methods with antiribosome 

serums could be useful to evaluate wheat plants for infection hypythium sp., T. incarnata, 

T. ishikariensis and M. nivale. 

Conventional methods indicated that Pythium violae was most commonly 

isolated from carrot cavity spot samples from 14 UK sites. For one site the most 

frequently isolated species was Pythium sulcatum. Lyons at. al. (1992) designed 

methods where similar isolation work were compared with the assay of cavity spot lesions 

using polyclonal antibodies, raised to P. violae or P. sulcatum in competition ELISA. 

Where lesions were artificially induced the test confirmed which pathogen was causal. 

When cavities developed on the field-grown carrots P. violae again predominated and the 

ELISA confinned this. In one sample P. sulcatum was also isolated from a small number 

of lesions and was not detected in ELISA. The competition ELISA did not indicate 

presence of either Pythium in a range of non-cavity spot lesions from v\ hich attempts at 

isolations were negative. 

Polyclonal antibodies (PAbs) were produced in New Zealand white rabbits 

with culture filtrate and mycelial extract immunogen preparations from so>abean 

{Glycine max) fungal pathogen Phomopsis longicoUa. The PAb's were purified to 

the immunoglobin fraction by Brill, et.al. (1993) and tested in indirect enzyme-

linked immunosorbent assay (ELISA) and in double antibody sandwich-ELlSA (DAS-

ELISA). The PAb's raised to culture filtrate were more specific but less acti\e in 

binding to members of the Diaporthe phomopsis complex than were those raised to 

the mycelial extract immunogen preparation. They performed DAS-ELISA which 

proved to be more specific and 100-fold more sensitive in detecting members of the 

complex than that of indirect ELISA. Immunization of one rabbit with culture filtrate 

over an extended time resuJted in maximum anti P. longicoUa activity after three 

immunizations, and the activity became constant against most members of the 
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complex at the same time. Reactivity to some cultures of P. longicolla was 

undetectable following the fourth and fifth immunizations, where as reactivity to all 

of the other cultures of the complex remained high. 

Polyclonal antiserum, was elicited against a strain of Fusarium oxysporum 

f.sp. narcissi (GCRI 80/26) and a specific and sensitive enzyme-linked 

immunosorbent assay developed by Christine (1993). Antiserum raised to cell wall 

fractions gave better recognition than that to cytoplasmic fractions. Recognition was equally 

good in artificially and naturally infected bulbs. He showed that there was little cross-

reactivity in bulb tissue by three other bulb rotting fungi. Nine isolates of F. oxysporum 

f.sp. narcissi from a wide geographic area gave similar results in an indirect ELISA of 

mycelial extracts, although some cross-reactivity was observed with two other Fusarium 

sp. Four Fusarium sp. and four other fungi showed little cross-reactivity. Ten days after 

inoculation the pathogen was readily detected in the base plate area of three Narcissus 

cultivars and points remote fi-om die inoculation site in the most susceptible culti var. Christine, 

observed a direct correlation between positive results in the ELISA and recovery of the 

pathogen on .selective medium. 

Beckman et. al. (1994) developed a polyclonal, enzyme-linked immunosorbent 

assay (ELISA) of Phytophlhora infestans for use in the determination of fungal biomass 

during early stages of infection of tuber discs of Solanum tuberosum. They optimized the 

dilution of sample extracts and dilution of primary anti - P. infestans antiserum, and the 

quantification of the biomass of P. infestans in zoospore inoculated tuber discs could be 

achieved by 8-18h after inoculation. Differences in growth between avirulent and virulent 

isolates of P. infestans on the resistant potato cv. Kennebee were quantified by 32-48h 

after inoculation. Together with a comparison of the growth of the same isolates on the 

susceptible cv. King Edward, these results comprised on ELISA of the Quadratic check. 

On the resistant host, the growth of the avirulent isolate was essentially arrested by 16h 

after inoculation, whereas that of the virulent isolate continued throughout the time course. 

They found that on the susceptible host, however, the avirulent isolate appeared more 

aggressive than the virulent isolate. These results demonstrated that the ELISA, which is 

often simpler to perform than other procedures for estimating fungal growth, may be used 

to complement biochemical studies of rapidly induced plant defence responses. 
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Jamaux e( al (1994) developed a serological test which allowed the early detection 

ofinfection of young petals by. Sclerotiorum, an important pathogen of rapeseed. Two 

steps were required to obtain an antiserum sufficiently specific for.S'. sderoliorum. they 

raised first generation of polyclonal antiserum by using soluble mycelial extracts of .S' 

sclcrolionini in double antibody sandwich enzyme - linked imunosorbcnt assay (DAS-

ELI S A) and allowed the screening of cross-reacting fungal species such as Dotrytis cinerea 

a pathogen commonly present on rape seed petals. Using a polyclonal anti B. cinerea 

serum enabled the absoiption, by serial cycles, of 5. sclerotiorum antigens common to B. 

cinerea. Residual antigens were then used as immunogens for the production of two seemed 

generation antisera (S1 & S2) which were then tested by DAS-ELISA. 

Detection of field isolates of Thielaviopis basicola the causal agent of black root 

not of cotton were taken (Gossypium hirsutum) and grown in Czapek-Dox broth 

ammended with dialyzed carrot extract. Soluble protein extracts of chlamydospores and 

mycelium were used to raise polyclonal mouse ascites antibodies. The immunoglobulin G 

antibody fraction was purified and biotin-labeled to devise a fungal capture sandwich 

enzyme-linked immunosorbent assay (ELISA). ELISA detected both brown and grey 

cultural types of T. basicola and had negligible cross-reactivity with other soil home fungi 

commonly found in the San Joa quin Valley of Califomia cotton field soils. The minimum 

dclcction limit of ELISA was between 1 and20ng. of 7. basicola protein depending on 

the assay T. basicola could be detected in cotton roots 2 days after inoculation. At this 

time, initial symptoms were apparent. The antibody also used to observe T. basicola on 

cotton roots with immunofluorescence microscopy (Holtz et al. 1994). 

Chakraborty et al. (1996) raised polyclonal antiserum against the mycelial extract 

ofPestaloliopsis theae and immunoglobulin fractions were purified by ammonium sulfate 

Iractionation and chromatography on DEAE sephadex. In enzyme-linked immunosorbent 

assay, antiserum dilutioin upto 1:16000 detected homologous antigen at a 5mg/L 

concentration, and at 1:125 antiserum dilution fungal antigens could be detected at a 

concentration as low as 24 jLtg/L. In fifteen varieties of tea tested, originating from Darjeeling, 

UPASl and Tocklai breeding stafions, absorbance values of infected leaf extracts were 

significantly liigher than those of healthy extracts at a concentration of 40mg/L in indirect 

ELISA. ELISA-positive material was detected in tea leaves as early as 12h after inoculation 

with P. theae. At antiseaim dilution upto 1:125, tlie pathogen could be detected in inoculated 
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leaf extracts upto antigen concentration of 2mg/L. The antiserum reacted with two other 

isolates oi'P. iheae tested but not with the antigens from mycelial extracts oi'Glomerella 

c'mgiilata and Corticium invisum or with extracts of tea leaves inoculated with these 

pathogens. The results demonstrate that ELISA can be used for early detection of P. 

ihcae in leaf tissues even at a very low level of infection. 

Enzyme linked inununosorbent assay using antiserum raised against Colletotrichum 

falcatum was performed in order to pathogen well before the symptom development. 

When different tissues in the infected sugarcane plants were screened for antigen titre, root 

eyes and bud in the nodal region and internodal samples from pith and white spot gave 

higher values showing more pathogen colonization. Wlien 20 different sugarcane varieties 

were subjected to ELISA test after pathogen inoculation, it showed an clear variation in 

disease resistance among them as in field testing. (Viswanathan et al. 2000). 

Immunological detection of Sphaerostilbe repens, Trichoderma viride and 

Trichoderma harziamim using DAC-ELISA. formats have been demonstrated by 

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

rot of tea. Polyclonal antibodies (PAb) against mycelial and cell wall antigens ofUstulina 

zonata causal agent of charcoal stump rot of tea were also raised and IgG were purified 

using DEAE-cellulose cliromatography. Effectiveness of antigen preparations for raising 

PAbs were done using DAC-ELISA. Two different ELISA formats 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 (Chakraborty e/. al, 2001a). Polyclonal 

antibody (PAb) was raised against immunogen preparations from mycelial extract of 

F. lamaoensi.s. causal agent of brown root rot disease of tea. Optimization of PAbs were 

done using indirect enzyme linked immunoassay (ELISA). Increased activity of PAbs against 

/•'. lumaocnsis could be noticed from second bleedings, which continued upto fourth 

bleeding. DAC ELISA formats were developed to detect the pathogen in infested soil. 

(Chakraborty e/. a/. 2001b). 
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3.1. Plant Material 

3.1.1. Collection 

Tea varieties released by three experimental stations viz. (a) Darjeeling Tea Research 

Centre, Kurseong, Darjeeling; (b) Tocklai Experiemental Station, Jorhat, Assam, 

and (c) United Planters Association of South India, (UPASI), Valparai, Tamil Nadu, 

are being maintained in Tea Germplasm Bank, Department of Botany, University of 

North Bengal. Thirty one tea varieties were collected from the Germplasm Bank, 

propagated in the nursery and planted in the experimental field as well as grown in 

the earthern pots. The varieties are as follows: 

Table 1 : Tea varieties and their origins. 

Source 
•j'ocklai r.xpcricmcntal Station 
.lorhat, Assam 

UPASI, 
Valparai, Tamil Nadu 

Darjeeling Tea Research Centre 
Kurseong. Darjeeling 

Tea varieties 
TV-9 
TV- 18 
TV-20 
TV-22 
TV-23 
TV-25 
TV-26 
TV-27 
TV-29 
TV-30 
Teen Ali 

UP-2 
UP-3 
UP-8 
UP-9 
UP-17 
UP-26 
BSS-2 
BSS-3 
AV-2 
B- 157 
B-777 
Takdah -
TS - 449 
P1258 
CP- 1 
Kl/1 
HV-39 

-17/1/54 

78 

Origin 

n 
c 
c 
c 
c 
c 
c 
c 
A 
A 
D 

A 
A 
A 
B 
C 
C 
A 
B 
B 
B 
A 
A 
C 
C 
B 
D 
B 

A - Assam, B - China. C - Cambod, D - Assam x China. 
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3.1.2. Propagation by Cutting 

Sandy soil (sand 75% and soil 25%) with PH ranging from 4.5 - 4.8 was used 

for propagation of tea plants by cutting. Soil PH was adjusted by treating with 2% Aluminium 

sulphate, lixcess Aluminium sulphate was removed by watering. 

Polythene sleenes (8"x6") were filled up with prepared soil and stacked in rows in a bed 

and watered thoroughly. All the cuttings were allowed for rooting in sleeves after dipping 

them in hormone. These cutting were kept in a polythene cloche, arranged in two rows, 

with 11 beds in each row. The complete set up was kept under a green Agro net house 

prepared with pretreated bamboo. Each bed was watered regularly, initially by sprayer 

and later in with pipe until the appearance of new shoots. 

After about ninety days i.e. when all the cuttings had rooted, the polythene cloche 

was removed gradually over a period of 10-15 days, each day exposing the cuttings to the 

external atmosphere for brief duration. (Sudden removal may lead to shock and casualty). 

3.1.3. Maintenance of tea sleeves in nursery 

After the removal of the polythene cloche, the sleeves were treated with nursery mixture 

(nutrient). The composition of the fertilizer mixture is as follows : 

Ammonium Sulphate — 8 parts by weight. 

Ammonium Phosphate — 35 parts by weight 

Potassium Sulphate — 15 parts by weight 

Magnesium Sulphate — 3 parts by weight 

Zinc Sulphate — 3 parts by weight 

Thirty grams of the above mixture was dissolved in 10 litres of water. Each sleeve was 

treated with 50ml of the nutrient mixture and the sleeves were treated with 100ml of the 

nutrient mixture. For nursery plants, a low level of shade is given with green Agro net 

supported with bamboos (Plate-2). Irrigation was done by means of hand sprinkler twice 

a day. Weeds were removed physically. Some times a dilute spray of Ankush (insecticide) 

at a concentration of 0.6ml/lit. was given to remove insects and pests. Disbudding or 

tipping was done once in 15 days to increase lateral shoots. 

The tea sleeves (6-7 months old) were then transferred to pots and maintained in 

the glass house and also transferred to the field. Field planting is a most crucial operation 
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Plate 2. Tea varieties being maintained in the 
Phytopathological Experimental Garden 
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as it basically determines the development and productive level of tea throughout its 

economic life. 

3.1.4. Maintenance of germplasm in glasshouse 

Tea plants of all varieties were also grown in earthern pots (1 plant/ pot, 30cm 

diameter) each containing 5kg soil mixture (soil planting mixture 1:1). All these plants were 

maintained inside the Glasshouse under natural conditions. 

All the clonal and seed stocks are being maintained in the Tea Germplasm Bank 

(Glass house) and also in the nursery. In case of young plants manuring was done with 

nursery mixture consisting of— Ammonium sulphate - 8 parts by weight; Ammonium 

phosphate - Sulphate (16 : 20)-35 parts by weight; potassium sulphate-15 parts by weight 

Magnesium sulphate, 15 parts by weight and zinc sulphate-3 parts by weight following the 

method by Ranganathan and Natesan (1987) and continued upto 12 months once only in 

15 days. The mixture was dissolved @ 30g in 1 litre of water and applied @ 50ml/ plant. 

The mature plants (1 year and above) were maintained by applying a soluble mixture of 

N,P,K consisting of 10kg Urea 46% N, 20kg Ammonium phosphate-11% P.O., 8kg 

murate of potash, 60% K,0 in the soil. Hormonal spray was done at regular intervals for 

good growth of bush. 

3.1.5. Plantation 

Before planting, simazine @ 75g/20 litre water and Glycophosphate (^1:200 were 

used in the experimental plots for the suppression of weeds (Borpujari & Banerjee, 1994). 

Then pits (1 '/2 x 1 '/2 x 1 Vi) were dug at the intervals of 2' between plants and 3.5' between 

row to row. Trenches were dug 30cms wide 45cms deep along rows. Planting mixture 

was prepared in the ratio of 4.5kg well rotten dry cattle manure, 30g rock phosphate, 30g 

super phosphate and 2.5g phorate [0,0 - diethyl S - ethyl thiomethyl phosphoro dithioate]. 

At the bottom of each pit, rock phosphate was placed following which half portion was 

covered with cattle manure soil mixture. Following soil conditioning, plants were inspected 

(generally 9 to 12 months), selected and brought to the experimental garden and planted 

in the prepared soil. Pits were refilled with conditioned soil. Plants raised in nursery were 

also planted directly with a ball of soil enclosing the roots. After the young plant was 

established in the field, regular hormone spray twice in 30 days and irrigation by sprinklers 

(Plate-3) were done. Pruning was done during the winter once in a year. 
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3.2. Collection of blister infected tea leaves 

The blister blight epidemic was generally observed between .July to October in the 

hills, and December to February in the plains. Taking this into consideration two Tea Estates 

of different locations (Hills and Plains) were chosen for the collection of healthy and 

infected tea leaves. 

(i) Healthy and blister infected tea leaves were collected from Castleton Tea Estate. 

Kurseong (Darjeeling Hills) from the month of July to October. Healthy and infected 

leaves were collected separately in polythene packets, properly sealed and brought 

to the laboratory. For the collection of spores, infected twigs were cut with the help 

of a sharp blade and immediately dipped in water and brought to the laboratory. 

This method of collection was done twice a week continuously for 4 months. 

(ii) Healthy and blister infected tea leaves were collected from HansquaTea Estate 

(Plains) from mid December till the end of February. This method of collection was 

the same as above. 

3.3. Inoculation technique 

Naturally blister infected twigs were collected from Tea gardens for in vitro 

basidiospore collection. These spores were used to inoculate healthy tea sleeves of 

different varieties. 

3.3.1. Collection of spores from infected leaves 

Blister infected twigs were collected from Castleton Tea Estate, Kurseong 

(Sec 4, China Variety) and immediately immersed in water. The twigs were brought 

to the laboratory. A set-up was prepared in order to trap the basidiospores by dipping 

one twig each in 2% sucrose solution kept in 50 ml sterile conical flasks. 15 flasks 

(50ml) were placed in one set up. The leaves containing the infected blister zone was 

placed horizontally (ventral side) on the mouth of sterile beakers (50ml size) and covered 

with glass slides (5cms x 5cms). Several such sets were incubated at 25^0 (BOD). 

Basidiospores were deposited at the bottom of the beakers after 48hrs. These beakers 

containing basidiospores were then properly covered with parafilm and stored at 4°C until 

required. The collection of basidiospores from hills could be possible from July to October, 

when the appearance ofblister was maximum. 
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3.3.2. Spore germination test 

For spore germination, method of Trivedi and Sinha (1976) was followed with 

modifications. Slides (2.5cm x 7.5 cm) were degreased with alcohol and dried. Spore 

suspension was preapred by adding few drops of sterile distilled water into the beaker 

containing basidiospores. One drop of spore suspension was placed on the slides 

and kept at 25"C in BOD in moist chamber. Later on the slide was observed under 

microscope with cotton blue and lactophenol stain. 

3.3.3. Inoculation of healthy tea plants 

Inoculation of healthy tea plants were carried out following the method of 

Chakraboity et. al. (1996) with modifications. Young nursery seedlings (12 months old) 

were selected for artificial inoculation. The sleeves were placed on a set up tray measuring 

(30cm X 30cm). Sixteen sleeves were placed on one tray. The 1 st and 2nd leaves of each 

sleeve were thoroughly cleaned with tap water and then with sterile distilled water. Spore 

suspension (1.65x10' spores / ml approximately) was prepared in the beakers. The spore 

suspension was brushed on both sides of the leaf surfaces. The complete set up was then 

covered with a transparent polythene sheet and tightened enough to retain the moisture in 

the enclosed chamber. The chamber was frequently moistened by spraying sterile distilled 

water, and incubated at 25"C (BOD). Similarly potted young tea plants were also inoculated 

inside the glass house under controlled temperature (25°C) and moisture (80%- 90%) 

conditions. 

3.4 Disease assessment 

Assessment of disease was done by calculating percentage infection both in naturally 

grown tea bushes in field and artificially inoculated nursery plant following the method of 

Venkata Ram and Chandra Mouli (1983). 

3.4.1. Natural infection of field grown plants 

The natural infection of blister blight disease was studied in Castleton Tea Estate, 

Hansqua Tea Estate and also in the nursery of Immunophyto Pathology Laboratory, 

Department of Botany, North Bengal University. One hundred shoots from each bush 

were selected at random and examined individually for lesions. A shoot was considered to 
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be infected even if a single transluscent spot occurred on it. The average percentage of 

blister blight infecfion was thus recorded. 

3.4.2. Artificial inoculation of nursery plant 

Percentage infection was determined by the no. of infected shoots and leaves 

examined (Chakrabort\' et al. 1996) with modifications. Artificial inoculation of tea sleeves 

has been explained in Materials and Methods 3.3.3. 

3.5. Obtaining meteriological data 

Monthly record of meteriological data for a period of five years (1996 to 2000) was 

obtained from the Gangarain Meteriological Station, Tea Research association, Terai branch, 

Bengdubi. W.B., and Darjeeling Tea Research Institute, Kurseong, Darjeeling. 

Meteriological data included maximum and minimum temperature. Relative humidity 

(morning and evening) and Average rainfall. Hours of observation were 0635 and 1335 

ISD. 

3.6. Foliar Spray 

Foliar application of systemic fiongicide as well as botanical pesticides were screened 

for blister blight control. 

3.6.1. Systemic fungicide 

Hexaconazole is one of the most common and effective systemic flingicide which is 

used in commercial scale for the control of blister blight disease. 

The product name is contaf 5% EC, Hexaconazole being the Generic name. This is 

a Tata Rallis product. The fungicide was diluted in water (a) 1:1000 as prescribed and 

sprayed in field grown tea plants and also tea plants grown in nursery . 

3.6.2. Biocide 

Plant extracts were prepared from two selected plant species viz. Catharanthus 

rosciis and Azadireclu indica (Neem), following the method of Varshney, 2001 with 

modifications. Mature leaves were collected and crude extracts were prepared by grinding 

250g of leaves. The leaves were thoroughly washed with distilled water and a fine slun-y 

prepared from these leaves with 100ml of distilled water. Distilled water was then added 
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to the crude extract to make its final volume to 1000ml. The homogenate was strained and 

sprayed in the field grown plaifts and also tea plants grown in the nursery, fortnightly for 

two months and harvest was done once after two sprays. 

3.7. Soluble leaf protein 

3.7.1. Extraction 

Soluble proteins were extracted from healthy and infected tea leaves following the 

method of Chakraborty et al. (1995). Leaf tissues (5g) were homogenised with 0.05M 

Sodium phosphate buffer (PH 7.2). containing lOmM Na^S^O ,̂ O.SmM MgCl^, 2mM 

soluble Polyvinyl pyrrolidone (PVPP 10,000M) and 2mM Polymethyl sulphonyl fluoride 

(PMSF) in morter & pestle at 4^0 with sea sand and insoluble PVPP. The homogenate 

was centrifuged at 4°C for 20min. at 10,000 r.p.m. and the supernatant was used as 

crude protein extract and immediately stored at -20°C for further use. 

3.7.2. Estimation 

Soluble proteins were estimated following the method as described by Lowry 

et al. (1957). To 1ml of protein sample 5ml of alkaline reagent (0.5ml of 1% Cu SO^ 

and 0.5ml of 2% sodium potassium, tartarate dissolved in 50ml at room temperature and 

then 0.5ml of Folin Ciocalteaus reagent (diluted 1:1 with distilled water) was added and 

again incubated for 15 mins for colour development following which optical density (OD) 

was measured at 720nm. Quantity of protein was estimated from the standard curve made 

with bovine serum albumin (BSA). 

3.8. SDS-PAGE analysis of total soluble protein 

Sodium dodeeyl sulphate polyacrylamide gel electrophoresis was performed for the 

detailed analysis of protein profile following the method of Laemmli (1970). 

3.8.1. Preparation of stock solutions 

The following stock solutions were prepared : 

A. Acrylamide and N'N' - methelene bis acrylamide. 

A stock solution containing 29% Acrylamide and 1 % bis acrylamide was prepared in 

wami water As both of them are slowly deaminated to acrylic and bis acrylic acid by alkali 

and light, the PH of the solution was kept below PH-7.0 and the stock solution was 
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filtered tlirough whatman No. 1 filter paper and was kept in brown bottle, stored at 4°C 

and used within one month. 

B. Sodium Dodecyl Sulphate (SDS) 

A 10% stock solution of SDS was prepared in warm water and stored at room 

temperature. 

C. Tris buffer 

(a) 1.5M Tris buffer was prepared for resolving gel, The PH of the 

Tris was adjusted to 8.8 with cone. HCl and stored at 4°C for use. 

(b) 1.0 M Tris buffer was prepared for use in the stacking and loading 

buffer. The PH of this Tris was adjusted to 6.8 with concentrated • 

HCl and stored at 4^0. 

D. Ammonium Persulphate (APS) 

Fresh 10% APS solution was prepared with distilled water each time before 

use. 

E. Tris - Glycine electrophoresis buffer 

This running buffer consists of 25mM Tris base, 250mM glycine (PH-8.3) and 

0.1 % SDS. A 1 X Solution can be made by dissolving 3.02g Trisbase, 18.8g glycine and 

10ml of 10% SDS in IL of distilled water. 

F. SDS Loading buffer 

This buffer contains 50mM Tris CL (PH-6.8), 1 OmM p Mercaptoethanol, 2% SDS, 

0.1 % bromophenol blue, 10% glycerol. A Ix solution was made by dissolving 0.5ml of 

IM tris buffer (PH 6.8), 0.5 ml of 14.4M p Mercaptoethanol, 2ml of 10% SDS, 1 Omg 

bromophenol blue, 1 ml glycerol in 6.8ml of distilled water. 

3.8.2. Preparation of Gel 

Slab gel was prepared for the analysis of protein patterns by SDS-PAGE i.e. mini 

gel (8cm x 10cm). For slab gel preparation, two glass plates were thoroughly cleared 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 of 

glass plates were sealed with high vaccuum grease and clipped thoroughly to prevent any 
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leakage of the gel solution during pouring. Resolving and stacking gels were prepared b\' 

mixing compounds in the following order by pasture pipette leaving sufficient space for 

any unpolymerized acrylamide. Stacking gel solution was poured over the resolving gel 

and comb was inserted immediately and overlayered with water. The gel was kept for 30 

minutes. After polymerization of the stacking gel, the comb was removed and washed 

thoroughly. The gel was then fmally mounted in the electrophoresis apparatus. Tris-glycine 

running butfer was added sulTiciently in both upix-rand lower rcsciAoir. .A.n} bubble, trapped 

at the bottom of the gel. was removed very carefully with a bent syringe. 

3.8.3. Sample preparation 

Sample (34|il) was prepared by mixing the sample protein with 1 xSDS gel loading 

buffer (16|il) in cyclomixture. All the samples were floated in boiling water bath for 3mins. 

to denature the protein sample. The samples were immediately loaded in a pre-determined 

order into the bottom of the wells with a microtiter syringe. Along with the samples, protein 

markers consisting of a mixture of Six proteins ranging in molecular weight from high to 

low molecular wt. (Phosphorylase b- 97,400; Bovine serum Albumin - 68000 ovalbumin-

43,000; Carbonic Anhydrase — 29,000, soybean trypsin inhibitor-20,000, lysozyme-

14,300 daltons was treated as the other samples and loaded in separate well. 

Composition of solution for 10% resolving gel: 

Name of the Compound Minigel (7.5ml) 

1. Distilled water 2.85 ml 

2. 30% acrylamide mix 2.55ml 

3. 1.5MTris(PH8.8) 1.95ml 

4. 10%SDS 0.075ml 

5. 10% APS 0.075ml 

6. TEMED 0.003ml 
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Name of the Compound Minigel (7.5ml) 

1. 

2. 
-1 
J . 

4. 

5. 

6. 

Distilled water 

30% acrylamide mix 

IMTris(PH6.8) 

10%SDS 

10% APS 

TEMED 

2.1 ml 

0.5 ml 

0.38 ml 

0.03 ml 

0.03 ml 

0.003 ml 

3.8.4. Electrophoresis 

Electrophoresis was performed at constant 17 mA current for a period of 3 hrs 

in case of mini gel until the dye front reached the bottom of the gel. 

3.8.5. Fixing and Staining 

After electrophoresis, the gel was removed carefully from the glass plates and 

then the stacking gel was cut off from the resolving gel and finally fixed in glacial 

acetic acid : methanol : water (10:20:70) for overnight. 

The staining solution was prepared by dissolving 250mg of Coomassie brilliant 

blue (Sigma R 250) in 45ml methanol. After the stain was completely dissolved, 

45ml of water and 10ml of glacial acetic acid were added. The prepared stain was 

filtered tluough filter whatman no 1. filter, paper. 

The gel was removed from fixer and stained in this staining solution for 4hrs at 37"C with 

constant shaking at a very low speed. After staining, the gel was finally destained in destaining 

solution containing methanol, water and acetic acid (4.5:4.5:1) at 37"C with constant shaking 

until back eround became clear. 
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3.9. Preparation of antigens. 

3.9.1. Leaf Antigen 

Leaf Antigens were prepared from healthy and blister infected tea leaves following 

the method of Chakraborty & Saha (1994). 

Leaves (5g) were homogenized in morter and pestle with 0.05M sodium phosphate buffer 

supplemented with 1 OmM sodium meta bisulphite, 2mM soluble PVPP 10,000 and 0.5mM 

MgCl, (PH-7.2). At the time of crushing insoluble PVPP and sea sand was used. The 

crushing was done in cold. The slurry was centrifuged at 10,000 rpm for 30mins at 4''C . 

The supernatant was used as leaf antigen and stored at - 20"C. For the preparation of 

infected antigen only the infected areas (Blister Spots) were cut and taken. 

3.9.2. Spore Antigen 

Spores were collected from freshly infected blister areas of tea leaves in small 

sterilized beakers. The spores were first crushed by sea sand and 0.051V1 sodium 

phosphate buffer in a mortar and pestle and then homogenized in a homogenizer for 

15 mins. The suspension was then centrifuged at 10,000 rmp for 30 mins. The 

supernatant was stored in 2ml vials at - 20°C as spore antigen for further use. 

3.10.Serology 

3.10.L Rabbits and their maintenance 

New Zealand white male rabbits were used to raise antisera against healthy & 

infected leaf antigens and spore antigens. Initially, body weights were recorded and 

were observed for at least one week inside the cages before starting the immunization 

schedule. They were regularly fed with green grass, soaked gram seeds, green vegetable 

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. 

3.10.2. Immunization 

Before immunization, normal sera were collected from each rabbit. Separate rabbits 

were intramascularly injected once a week at 7 days intei-val with 1 ml antigen mixed with 

1 ml of Freund's complete adjuvant (Difco, USA) for first two injections and the next with 

incomplete adjuvent for 8 to 16 weeks. 



47 

3.10.3. Bleeding 

Bleeding was perfomied by marginal ear vein puncture, 3 days after the first six 

injections, and then eveiy fourth injection. In order to handle the rabbits during bleeding, 

they were placed on their backs on a wooden board fixed at an angle of 60". 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 hairs from the upper 

side of the ear was removed with the help of a razor and disinfected with alcohol, the ear 

vein was irritated by the application of xylene and an incision was made with the help of a 

sharp sterile blade and 5 to 10ml of blood samples were collected in sterile graduated 

glass tube. 

After collection, all the precautionary measures were taken lo stop the How of 

the blood from the puncture. The blood samples were incubated at 37"C for Ihr for 

clotting. After clotting, the clot was loosened with a sterile needle. Finally, the serum 

was clarified by centrifugation (2000g for 10 mins at room temperature) and 

distributed in 1ml vials and stored at - 20"C, as crude antisera. 

3.11. Antisera Production 

3.]l.l.Polyspecific 

Polyspecific antisera was prepared following the method of Alba, 1981 with 

modifications.Blister infected tea leaves were collected separately from Castleton 

Tea Estate, Darjeeling and Hansqua Tea Estate, Siliguri and polyspecific antisera were 

raised from the antigen of these two samples separately. The antigens were frirther purified 

by 100% Ammonium Sulphate precipitation, dialysed and preserved at - 20°C till ftirther 

use. Crude antisera (2ml) of different bleedings were divided into two appendroff tubes of 

I ml each. To 1 ml of antisera 500)il of 100% SAS healthy leaf antigen was added and 

mixed thoroughly. All the tubes were incubated at 4"C for 24hrs, after which the tubes 

were centrifuged at 10,000 rpm for 30mins at 4'*C. The supernatant was treated as 

polyspecific antisera. Antisera was raised in 2 batches viz. Batch-1 and Batch-ll. Batch-I 

was raised by immunizing the rabbit with Blister infected leaf antigens collected from Castleton 

Tea Estate. Darjeeling Hills; Batch-II was raised from blister infected leaf antigen collected 

from Hansqua Tea Estate, (Plain). 
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For Batch-I antisera were collected four times at an interval of 6,8,10,12 injection 

schedule and IgG was purified. These were coded as polyspecific-1, PSI (PS-I/A, PS-1/ 

B, PS-I/C and PS-ID). 

For Batch-II antisera were collected five times at an interval of 6, 8, 10,12, 14 

injection schedule and IgG was purified. These were coded as polyspecific-II, PSII 

(PS-II/A, PS-II/B, PS-II/C, PS-II/D, PS-II/E). 

3.11.2. Polyclonal 

Polyclonal antibody was raised by immunizing white male New Zealand rabbits 

with E. vexans spore antigen following the method of Chakraborty and Saha, 1994, and 

was coded as Batch III. Initially, 0.5ml of spore antigen was mixed with 0.5ml of complete 

adjuvent in a vial and was properly mixed till milky white colour appeared. This was 

injected intramuscularly in the rabbit. For Batch-Ill antisera were collected four times at 

an interval of 6,8,10,12, injection schedule and IgG was purified. These were coded as 

polyclonal-I, PCI (PC-I/A, PC-I/B, PC-I/C and PC-I/D). 

3.12. Purification of IgG 

3.12.1. Precipitation 

IgG was purified as described by Clausen (1988). The polyspecific / 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 16hrs at 22''C. The precipitate thus formed was collected by centrifiagation 

at 10,000g at 22°C for 1 lir. Then the precipitate was dissolved in 2ml of 0.02M Sodium 

Phosphate buffer, pH 8.0. 

3.12.2. Column preparation 

Eight gram of DEAE cellulose (Sigma Co. USA) was suspended in distilled water 

for ovemight. The water was poured off and the gel was suspended in 0.005M Phosphate 

buffer. pH 8.0 and tlie 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 2.6cms in diameter 30cm 

high and allowed to settled for 2hr. After the column material had settled, 25ml of buffer 

(0.02M Sodium Phosphate buffer, pH 8.0) washing was given to the gel material. 
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3.12.3. Fraction collection 

At the top of the column, 2ITI1 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 buffer 

(1) was connected to another flask with buffer (2). The buffer (2) had also connection 

to the open air. During the draining of buffer (1) to column, buffer (2) was sucked 

into buffer (1) thereby producing a continuous rinse in molarity. Ultimately, 40x5ml 

fractions were collected and the optical density values were recorded by means of 

UV Spectrophotometer at 280nm. The fractions showing >2 reading were stored as 

purified IgG. 

3.13.Immunodiffusion tests 

3.13.1. 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 drying, plates were sterilized 

in autoclave at 151bs 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. 1 nto 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). 

3.13.2. Diffusion 

Agar gel double diffusion tests were perfomied 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 72hrs at 

25"C. 
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3.13.3. Washing, staining and drying of slides 

After immunodiffusion, the slides were initially washed with sterile distilled 

water for 2hr and then aqueous Sodium chloride solution (0.9% NaCl + 0.1% NaN^) 

for 72hr with 6 hourly chaiiges to remove unreacted antigens and antiserum widely dispersed 

in the agarose. Then slides were stained with Coomassie blue (R 250) for 10 min at room 

temperatui-e. After staining, slides were destained with 5% acetic acid solution with changes 

until the background became clear. Finally, the slides were washed with distilled water and 

dried in hot air oven for 3hrs at 50°C. 

3.14. Enzyme linked immunosorbent assay (ELISA) 

The following buffers were prepared following the method as described by 

Chakraborty et al, 1995, with modifications. 

1. Antigen coating buffer: Carbonate Bicarbonate buffer 0.05M PH-9.6. 

Stocks 

A. Sodium Carbonate — 5.2995g in.l000ml Dist water 

B. Sodium bicarbonate—4.2g in 1000ml Dist water. 

160 ml of stock A was mixed with 360 ml of stock B and pH was adjusted 9.6. 

2. Phosphate Buffer Saline : 0.15M PBS pH-7.2. 

Stocks 

A. Sodium dihydrogen phosphate—23.40g in 1000ml Dist water 

B. Di-Sodium hydrogen phosphate—21.2940 in 1000ml Dist water 

280 ml of stock A was mixed with 720 ml of stock B and the pH was adjusted 

to 7.2. 

Then 0.8% NaCL and 0.02% KCI was added to the solution. 

3. 0.15 M 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, 0.13 5M NaCl, 0.0027M KCI 

Tris — 0.657g 

Nacl — O.Slg 

KCI — 0.223g 
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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 (0.15M PBS - Tween, pH 7.2). 

In 0.15M PBS-Tween, pH 7.2,0.2% BSA, 0.02% Polyvinylpyrrohdone, 10,000 (PVPP 

10,000) and 0.03% Sodium azide (NaN^) was added. 

6. Substrate 

p-Nitrophenyl phosphate (Himedia) 1 mg/ml dissolved in 100ml of di ethanolamine (1.0% 

w/v,3mMNaN2)pH9.8. 

7. 3N NaOH solution was used to stop the reaction. 

This ELISA was performed 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 loaded (200til / 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; 200|LL1 of 

blocking reagent was added to each well for blocking the unbound sites and the plate was 

incubated at 25°C for Uir. After incubation, the plate was washed as mentioned earlier. 

Purified polyspecific IgG was diluted in antisera dilution buffer and loaded (200|il / well) to 

each well and incubated at 4''C overnight. After a further washing, antirabbit IgG goat 

antiserum labelled with Alkaline Phosphatase diluted 10,000 times in PBS, was added to 

each well (100|J,1 / well) and incubated at 37''C for 2hrs. The plate was washed, dried and 

loaded with 100)0,1 of p-Nitrophenyl Phosphate substrate in each well and kept in dark for 

60 mins. Colour development was stopped by adding 50|il / well of 3N NaOH solution 

and the absorbance was determined in an ELISA Reader (LISA - 5 Trans Asia model) at 

405nm. Absorbance values in wells not coated with antigens were considered as blanks. 
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3.15. Establishment of Callus 

3.15.1. Culture media 

For the callus induction, MS basal media (Murashige and Skoog, 1962) was used, hiitially, 

following stocks solution was prepared. 

(a) KN03 

NH.NO, 4 3 

MgSO .̂TH^O -

• 2 4 

- 38.0g 

- 33.0g 

- 7.4g 

- 3.4g 

Double distilled water - IL 

(b) CaCl2,2H20 - 8.82g . 

Double distilled water - 500ml. 

Solution (a) and (b) were mixed and the volume was adjusted 2 liter with 

double distilled water and sotred at 4°C. 

MSII(lOOx) 

MnSO^-2.23g. 

ZnSO,, TH^O 

H^BO, 

KI 

Nâ MÔ , inp 

CuSO, 5 R 0 
4 2 

CoCl,,6H20 

Double distilled water • 

Stored at 40C 

MSIII (20x) 

Na^EDTA, 2H2O 

-

-

-

-

-

-

-IL. 

. 

Boiling double distilled water-

FeSO^, lUp 

Double distilled water 

860 mg 

620 mg 

83 mg 

25 mg 

2.5 mg 

2.5 mg 

746 mg 

-80 ml 

- 556g 

80ml 
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FeSO ,̂ 7H,0 solution was added to Nâ  EDTA solution with vigorous stirring and volume 

was adjusted to 200ml with double distilled water. Stored at 4°C. 

IVIS(IV)(100x) 

Myo - inositol 

TliiamineHCl 

Nicotinic acid 

Pyridoxin HCl 

Glycine 

Double distilled water 

-

-

-

-

-

-

lOOmg 

0.5 mg 

0.5 mg 

0.5 mg 

2mg 

10 ml 

MS-I, II, III, IV were mixed together in 

MSI 

MSII 

MS III 

MS IV 

100 ml 

10 ml 

10ml 

10 ml 

Then the media was supplemented with 3% sucrose, 0.8% agar and 2mg/L 

IBA, 4 mg/IBA (Kato, 1989). Final volume was made upto 1 litre. PH was adjusted 

to 5.8 using O.IN HCL or O.IN NaOH before autoclaving and then sterilized at 121 °C 

(151b/in2)for30nins. 

Medium was distributed in Culture tubes and flasks. For the prevention of 

browning of explants, following substances were used in media before autoclaving. 

(a) Activated charcoal - lOOmg/L 

(b) Ascorbic acid - 150mg/L 

(c) Ca-pantothenate - 200mg/L 

3.15.2. Preparation of fragile callus 

Shoots of fresh young tea plants with 3-4 leaves were taken from glass house and 

stem segments (2-3mm long) were cut and sampled. Before sterilization, explants were 

washed in running tap water for 20mins to remove phenolic substances. Stem segments 

were surface sterilized with 2% sodium hypochlorite solution for 5mins and washed five 

times with sterile distilled water for the removal of hj^oclilorite. After fmal washing, explants 
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were transferred into semi-solid media contained in flasks and culture tubes. They were 

incubated under 16h photoperiod at 26°C and observed regularly. The fragile calliis obtained 

above was shaken gently'in liquid MS medium at 100 rpm and loose cells were used for 

fluorescence studies. 

3.16. Fluorescence Antibody Staining and Microscopy 

Indirect fluorescence staining of cross sections of healthy tea leaves, blister infected 

leaves and blister spores were done using FITC labelled goat antirabbit IgG following the 

method of Chakraborty and Saha (1994), with modifications. 

3.16.1 Blister Spore 

Basidiospores, collected from fresh naturally blister infected leaves were taken in a 

small beaker. A spore solution was prepared with PBS (pH 7.2). The suspension was 

taken in a appendroff tube and centrifuged at 3000g for 10 mins and the PBS supernatant 

was discarded. The 1 OOjil of purified spore IgG was added into the appendroff tube and 

incubated for 21'ir. at 27''C. After incubation, the tubes were again centrifuged & washed 

for 1 Omins at 3000g. The spores were rewashed 3 times with PBS Tween, and then 100)J.l 

of antirabbit IgG conjugated FITG (diluted 1:40 in PBS) was added and incubated in dark 

at 27°C for Ihr. After incubation, FITC was removed by repeated washing with PBS-

Tween and the spores were mounted on 10% glycerol and observed under Leica 

microscope, equipped with UV fluorescence filter & photographs taken. 

3.16.2. Cross-section of tea leaf 

Initially, fresh cross-section of healthy and infected leaves were proceeded for 

FITC treatment. 

3.16.2.1. Healthy leaf 

Fresh cross-sections of Healthy leaves (AV2 and TV 18) were cut and immediately 

immersed in phosphate buffer saline (PH 7.2) containing 0.8% NaCl & 0.02% KCl and 

0.01% PVP-10. Good sections were selected and treated with E. vexans antiserum 

(1:40). and incubated for 1 hr. at 27°C. in grooved slides. After incubation, sections were 

washed thrice with PBS Tween (PH 7.2), and freated with 1 OOp.1 of diluted (1:40) goat 

antiserum specific to rabbit globulins and conjugated with FITC. The sections were incubated 



55 

for Ihr at 2TC. All operations with FITC labelled antibodies were made in darkness (red 

light). After incubationm sections were washed thrice with PBS Tween (PH-7.2) as 

mentioned above and then mounted on greese free slides with 10% glycerol. A cover slip 

was placed on the section and sealed. Fluorescence of the leaf sections were observed 

using leica leitz Biomed microscope with flourescence optics equipped with U Itra violet 

(UV) filter set 13. 

3.16.2.2. Infected leaf 

Fresh, naturally blister infected leaves were collected from Tea Estates (Hills 

& plains) and sections were cut. The rest of the process was repeated, same as above 

(3.16.2.1.). 

3.17. 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 (1 OmM, pH-7.4) with 0.9% NaCl and 0.05% Tween-

20 for washing, 

(ui) Blocking buffer — 10% Casein hydrolysate in 0.05M Tris, 0.5 NaCl, 

0.5% Tween-20,pH-10.3. 

Nitrocellulose membrane (IVQllipore, H5SM0 5255,7cm x 10cm, Pore size-0.45|Jm, 

Millipore Corporation, Bedford) was first cut carefully into the required size and placed 

inside the template. 2^1 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 2iil 

of 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-£. vexans 1:40 was added directly in the blocking solution and further 

incubated at 4''C for ovemight. The membrane was then washed several times in TBS-

Tween (pH -7.4). Enzymatic reactions were done by treating the NCM membrane with 

Alkaline Posphatase Conjugate (1:7500) for 2hrs at 37°C. This was followed by washing 
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for 25 mins. In TBS-Tween. Substrate (66jil Nitro Blue Tetrazolium Chloride + 33)il 5-

Bromo-4-Chloro-3 Indolyl phosphate Di-sodium salt in 10ml of Tris buffer saline pH 7.4) 

was next added and colour development noted. Finally, reaction was stopped by floating 

the NCM in deionized water. 

3.18. Western blotting 

Blot transfer was done in three steps, following the method as described by white et 

al. (1994) with modification . 

3.18.1. Extraction of Soluble Proteins : 

Soluble proteins were extracted from healthy and blister infected tea leaves and 

basidiospores and protein content was estimated as described earlier. 

3.18.2. SDS PAGE analysis of total soluble protein was performed as described 

previously. 

3.18.3. Transfer process 

Preparation of transfer buffer: (Towbin) 

25mM Tris, 192mM glycine in 20% Reagent grade Methanol, pH 8.3. 

(Tris-3.03g; Glycine-14.4g; 200ml Methanol)-volume make upto 1 litre 

SDS Gel electrophoresis was carried out in a mini Gel unit. Following gel run, it was 

transferred to Towbin buffer and equilibrated for 1 hr. The transfer unit was attached to a 

power pack. The presoaked filter paper was placed on the platinum anode and air bubbles 

were rolled out with a glass rod over the pre-wetted membrane placed, followed by the 

gel and finally on top again another presoaked filter paper was placed. The cathode was 

placed on the sandwich and pressed. The unit was run for 45mins at 15 volts constant 

voltage. After the run the membrane was dried for Ihr and proceeded for immunological 

probing. 

3.18.4. Immunoblotting 

Blocking was done by 5% non fat dired milk and 0.02% sodium azide in 0.15M 

PBS pH 7.2 with 0.02% Tween-20 in a heat scalable plastic bag kept for 1 hr with occasional 

shaking. Antibody was added (1:40) to the blocking solution and incubated in plastic bag 
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at 4''C overnight. All the processes were done by occasional shaking. The nitrocellulose 

membrane was washed properly in 200ml of 150mM NaCl, 50mM Tris HCl, pH 7:5 to 

remove azide and phosphate from filter before enzyme coupled reactions. Enzyme was 

added (1:10,000 in alkaline phosphatase buffer) and kept for 1 lir at room temperature. 

Tlie membrane was washed in 150mM NaCl, 50mM Tris HCl, pH 7.5 and substrate 

was added (66|J,1 NBT+33 |J.l BCIP + 10ml of Alkaline phosphatase buffer). The reaction 

was monitored carefully and when bands were observed of the desired intensity the filter 

was transferred to a try of 200^1 of 0.5M EDTA, pH 8.0 in 50 ml of 0.15M PBS. 



EXPERIMENTAL 
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4.1 . Blister blight disease occurrence under natural conditions 

Blister blight disease is caused by Exobasidium vexans. The pathogen, is a 

basidiomycetous fungus, an obligate parasite, without any known alternative host. The 

disease symptom initially appears as pale yellow translucent spot on young expanding 

leaves. The spot gradually enlarges to a circular lesion of 3-12.5mm or even more in 

diameter As the disease progresses inside the leaf tissue, the upper surface of the developing 

lesion depresses into a shallow cavity, while on the lower side, it correspondingly becomes 

convex and thus forms the blister The upper convex surface of the lesion is smooth and 

shiny, while the lower convex surface become white and powdery as it sporulates. Under 

severe infection, the affected leaves curl up. The disease also affects young growing stems 

and the damage becomes more severe under such situations. When the tender stem is 

affected, the entire shoot withers, causing die-back. The disease spreads through windbome 

basidiospores. Environmental conditions have a great influence on the development of the 

pathogen and disease incidene. A relative humidity higher than 80% is essential for 

basidiospore formation, ejection and germination. Leaf wetness is the most important factor 

lor the germination of spores. Occurrence of the disease has been noted from the nursery 

seedlings, to the tea bushes. 

4.1.1. Nursery 

\n tea planting, nursery occupies an important position as properly raised nursery 

plants survive well, when planted in the field and contribute to growth and productivity of 

tea. Planting of the cutting in the nursery was done twice a year (i) during June-July (ii) 

during October-November. Nursery plants right from the inception of striking the cuttings 

to the stage at which they were transferred (18-month old seedlings) to field were prone to 

attack by blister blight pathogen {Exobasidium vexans). Under highly conducive climatic 

conditions the pathogen infected the emerging foliage as a result of which the tender leaves 

get blighted and drop off in severe cases of infection. In order to observe the occurrence 

of blister blight in nursery grown plants under natural conditions, two set ups at 

(i) Phytopathological Experimental Station, NBU and (ii) Tea Research Station, Darjeeling, 

were considered. 

Blister blight incidence was recorded in tea seedlings (12months old) raised in the 

nursery of the phytopathological experimental station, N.B.U. Among 9 tea varieties 
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(T78, S449, AV2, UP26. UP3, UPS, TVl 8, TV22 and TV27) grown in the nursery, TV-

18 showed maximum disease symptoms during the month of January (Plate-4 Figs A & 

B). However, almost all the nine varieties responded to the attack of the pathogen, in the 

nursery grown tea seedlings at Darjeeling hills AV2 and TV 18 showed maximum disease 

incidence during August-October (Fig. 1). 

4.1.2. Tea gardens 

4.1.2.1. Plains 

A survey was conducted to record the occurrence of blister blight in various tea 

gardens of the plain and hill regions. Data was recorded from five tea gardens of plain (viz 

Diana, Lankapara, Subhasini, Simulbarie and Hansqua Tea Estates) and it was found that 

the highest disease incidence (50-70%) of blister blight occurred in Hansqua Tea Estate 

(Plate 5, Fig. A). It was also observed that recently pruned bushes and those in the shade 

had higher levels of disease. Accordingly, the highest disease prone area of this tea garden 

was choosen as experimental field. Based on the topographical, map of "Survey of India" 

the altitude of the Experimental field was found to be 106m above sea level. Maximum 

disease incidence was recorded during mid December to February end, when high relative 

humidity was accompanied with low temperature and regular formation of fog. Spores 

were collected from fiush shoots with well developed lesions, in vitro conditions. 

When observed under the microscope, the basidiospores were hyaline, elliptical 

and clavate in nature. (Plate-6). The spore size was found to be 9.81x3.1 Ijim. The 

basidiospores readily germinated in the pH range of 5 to 8.8, pH 5.5 being the most 

conducive range and temperature of 25"C. 

4.1.2.2. Hills 

The epidemic of blister blight has caused maximum crop loss in the hills, due to the 

prolonged compatible weather conditions in these region. After surveying about five tea 

gardens (Makaibari, longview, Margarete's Hope, Castleton and Happy Valley) it was 

observed that the incidence of the disease was maximum (70-90%) in Castleton Tea Estate, 

(Plate 5B and 7 A). The altitude of the experimental field in Castleton Tea Estate was found 

to be 1505m above sea level. The blister postules were found to be comparatively smaller 

in diameter, but the spore size were bigger. (Plate-7, Fig. B & C) The basidiospore size 
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Plate 4 ( Figs. A & B ): Nursery grown Tea plants (TV-18)showmg 
Blister blight symptoms. A -Dorsal view; B-Ventral view 



Plate 5 ( Figs. A & B ): Blister infected tea leaves from 
(A) Hansqua and (B) CastletonTea Estates 
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Plate 6 ( Figs.A-C ): Basidiospores of Exobasidium vexans 
from blister infected tea leaves of Hansqua Tea Estate 

observed under bright field ( A&B ) and phase contrast (C); 
A- Low power (lOX); B&C- High power (40X) 



Plate 7(Figs. A-C): Blister infected tea leaf of Castleton Tea Estate (A); 
Basidiospores of Exobasidium.vexam (B&C) under bright field (40X) 
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Plate 8 (Figs. A&B): Cross sections of Blister infected tea leaf 
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was found to be 15.51 x4.22|iiTi. The basidiospores readily germinated in the pH range of 

5 and 8.8, maximum germination was noted in pH 5.5 and 7.0, and temperature 25*'C. 

Cross section of blister infected tea leaf were prepared and observed under 

microscope (bright field). Basidiospores attached to the epidermal tissue, fijngal f)enetration 

into the mesophyll tissues were also evident (Plate-8 Fig., A and B). 

4.2. Meterological Data (Temperature, Relative humidity and 

Rainfall) 

Weather conditions have a profound influence on the development of the pathogen 

and disease incidence. Keeping this in mind, rnonthly meterological data were collected 

for five years (1996-2000) which included temperature (maximum and minimum), relative 

humidity (morning and evening), and average rainfall. All the datas are shown in Figs2 to7. 

4.2.1. Correlation of weather conditions with occurrence of blister blight disease. 

Blister blight disease incidence were recorded throughout the year at two Tea Estates, 

(one each of hill and plain). From the the hill, Castleton Tea Estate, Darjeeling and from 

the plain Hunsqua Tea Estate, Siliguri were considered for such observation. Results are 

given in Tables 1 and 2. 

Maximum incidence of the disease was noticed during July-October in hill station 

while in plain disease incidence was recorded only during December to February throughout 

the study period of 5 years. Correlation of weather conditions (temperature, relative humidity 

and average rainfall) with the occurrence of blister blight disease are given in Figs. 8 and 9. 

In order to determine whether disease development in nature is correlated with 

different environmental factors, Karl Pearsons' correlation coefficient was calculated in 

respect to disease occurrence and the various factors. Mean data of the five years was 

used in all cases. When mean blister blight incidence of hills (Castleton Tea Estate, Kurseong. 

Darjeeling) was correlated with the different factors, it was found that disease incidence 

showed positive significant correlation with rainfall and relative humidity. A correlation 

coefficient of 0.87 was obtained with disease and rainfall and a correlation coefficient of 

0.71 was obtained between disease and relative humidity. On the contrary, when mean 

blister bligluincidcncc orplains(l lansqua Tea Eslatc. Siliguri) was correlated \\'\{h ihc 
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Monthly Maximum and Minimum Temperature (Plains) 
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Monthly Relative Humidity ( Plains) 

1996 

Jan Feb Mar Apr May Jua Jal Aag Sept Oct Nov Dec 

1997 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

1998 
100 

80 

X 60 
IK 

S« 40 

20 

0 

lllllK lllli, 
1 • 1 

Jan Feb Mar Apr May Jnu Jul Aug Sept Oct Nov Dec 

1999 

X 
DC 

100 

80 

60 

40 

20 

0 UJJ 

lii^ffiil 
jLLfcl I N I M I ^̂  

Jan Feb Mar Apr May Jun Jal Aug Sept Oct Nov Dec 

2000 

Jan Feb Mar Apr May Jua Jul Aug Sept Oct Nov Dec 

Months 

JQRHI 
nRH2 

Fifii? 



Average Monthly Rainfall ( Plains) 
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Monthly Maximum and Minimum Temperature (Hills) 
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Monthly Relative Humidity ( Hills) 
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Average Monthly Rainfall (Hills) 
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different factors, it was found that disease incidence showed negative correlation with 

maximum temperature, minimum temperature and rainfall. Results are given in Tables 3 

and 4. 

Table 1 : Meterological data and blister blight disease occurrence in plains. 

Month 

Meterological data" 

Temperature Relative humidity 
(»C) (%) 

Maximum Minimum Morning Evening 

Rainfall Disease"" 
(mm) incidence (%) 

Jan 

Feb 

Mar 

Apr 

May 

.lun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

22.4 + 0.4 

24.6 ±0.91 

30.9 ±0.26 

33.5 ±0.31 

34.4 ±0.39 

34.3 ±6.64 

32.3 ± 0.75 

32.9+0.44 

32.8 ±0.80 

33.6±0.12 

31.4±0.41 

25.6 ±0.58 

18.8 ±0.32 

11.4 ±0.64 

16.7+0.31 

21.8 ±0.22 

23.7±0.31 

24.7 ±0.11 

24.6 ±0.22 

24.7 ±0.21 

24.6±0.13 

22.3 + 0.70 

18.4 ±0.67 

12.0+0.33 

• 93.4+0.68 

90.8±1.16 

89.0 ±0.45 

90.6 ±0.75 

86.6 ±1.08 

91.4±0.51 

93.2 ±0.66 

93.6+0.51 

94.0 ±0.77 

94.0 ± 0.55 

90.6 ±1.80 

94.6 ±0.51 

51.4 ±2.37 

51.0 ±2.02 

47.4 ±1.77 

56.6 ±0.81 

62.0 ±1.64 

67.2+1.49 

72.7 ±3.86 

69.4 ±2.56 

65.4 ±1.03 

63.6 ±1.32 

50.2 ±2.35 

42.4 ±1.29 

23.9 + 6.92 

8.0 + 2.78 

70.3 ±27.73 

• 97.9 ±28.75 

258.7 ±55.03 

574.5 ±109.69 

997.5±91.9 

863.7 ±145.95 

402.7 ±78.80 

155.96 ±20.0 

35.9±7.75 

15.2± 15.23 

75.5 ±0,02 

52.1 ±0.06 

10.3 ±0.02 

0 

0 

0 

0 

0 

0 

0 

13.2 ±0.08 

21.2 + 0.13 

+ Standard error. 

'•' Average of five years (1996-2000). 

''Mean occurrence of blister blight disease for five years (1996-2000). 
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Table 2 : Meterological data and blister blight disease occurrence in hills. 

IVIonth 

Meterological data" 

Temperature 
("C) 

Maximum Minimum 

Relative humidity 
(%) 

Morning Evening 

Rainfall 
(mm) 

Disease'' 
incidence (%) 

Jan 21.4+1.01 6.3+0.86 86.2 + 0.31 83.8 + 0.73 1.1 + 1.11 2.7 + 0.03 

Feb 21.5+1.07 8.8 + 0.87 68.6 + 0.35 57.3+0.34 2.1 + 1.5! 

Mar 22.4+0.9! IO.2-t-0.94 68.0 i 0.28 57.6*0,50 7.6 "3.87 

Apr 22.8+1.0! 11.7+1.45 71.0+0.31 57.2 + 0.31 25.8+10.45 0 

May 24.8 + 0.45 15.7+0.99 81.9 + 0.21 85.4+0.26 155.6 + 44.80 

24.6 + 0.49 15.4 + 0.95 89.2 + 0.2! 91.9 + 0.23 371.4+14.24 5.1 + 0.04 

Jul 25.8 + 0.59 16.3+0.56 97.5+0.22 97.7 + 0.38 449.1+27.90 35.6 + 0.02 

A Hi; 25.7 + 0.42 17.4 + 0.84 92.0 + 0.95 97.2 + 0.68 426.9 + 46.69 83.8 + 0.01 

Sep 22.4 + 0.41 12.9 + 0.97 92.5+0.11 91.5+0.12 319.8 + 23.70 88.4 + 0.04 

Oct 21.8 + 0.90 10.9+1.63 80.1+0.38 85.4 + 0.60 162.7 + 29.65 77.8 + 0.03 

Nov 20.3 + 0.85 7.3+0.54 73.4 + 0.58 67.3+0.45 66.4+11.80 50.4 + 0.06 

Dec 19.3+1.06 5.9 + 0.79 82.6 + 0.53 81.0 + 0.57 21.4 + 7.34 18.6 + 0.07 

± Standard error 

' Average of five years (1996-2000) 

''Mean occurrenceofblister blight disease for five years (1996-2000). 

http://IO.2-t-0.94
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Correlation of weather conditions with occurrence of 
blister blight disease ( Average of 5 years) 

o" 35 
a 30 
i 25 

20 
15 
10 
5 
0 M m 

*^^^^^^U^s^ v^^^^VVV^^ 

go 
70 
60 
50 o 
40 t 
30 a 
20 
10 
0 

Max temp 
DI Plains 

m 

80 
70 
60 
50 c? 
40 t 
30 O 
20 
10 
0 

Mia Temp 
DI 

96 
94 

^ 92 
t , 90 
S 88 
* 86 

84 
82 

h u / 

8W 
70 
60 
50 ^ 
40 t 
30 O 
20 
10 
0 

»̂%*V ^V *̂̂  ^̂̂  ̂ V ^V'' ^ IRHl 
-Dl 

70 \ n PI 
60 \ n n r 

5" 50 n n „ n n 
N 40 y n 
i 3 0 \ 

10 V ^ ^ * 
0 I ' ' I ' ' I • ' iW ! W I •» '*' I W I I*' •» [ • ' I I I 
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Correlation of weather conditions with occurrence of 
blister blight disease (Average of 5 years) 

r\ 30 

t)2S 

B 20 

H 15 

5 

0 
/ ' 

/ 
T\r 

\ 
I 20 tbLU. 

100 

80 

60 

*̂̂ ^V ̂ V ^̂  '̂̂  ̂ *V' ĉ%»' ̂  ES3MuTemp 
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lî  ^ n 
1 1 1 1 1 1 1 11 1 11 1 1 Ml 

100 

80 

60 ;5-

40 O 

20 

0 

.*̂  ̂ V V̂̂  ̂ ^̂  -̂̂  ̂ *V' ̂ V*' ̂  I IMIn Tamp 
—•—DI 

,̂** 4*V ^V^ ̂ ^̂  ^̂  ̂ ^V ̂ ' ̂ «' ̂ ' IRHl 
-DI 

PA 

120 

100 

80 

60 

40 + 

20 

0 V -M 
/ 

I M 

\ 
. 2 . 

' ' l " " 0 

100 

60 I 

.̂%V ̂ 'V̂ *" ̂ *^V<^W IRH2 
'DI 
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Table 3 : Correlation Matrix showing correlation between blister blight and 

environmental factors during 5 years (1996-2000), two tailed significance, (plains). 

Disease 

Max. 
Temp 

Min. 
Temp 

RHl 

RH2 

Rain 

Disease" 

1 

-0.872 

-0.847 

0.432 

0.420 

-0.670 

Max. 
Temp 

-0.872 

1 

* 

0.995 

-0.688 

0.021 

0.717 

Min 
Temp 

-0.847 

* 

0.995 

1 

-0.666 

0.051 

0.657 

RHl" 

0.432 

-0.688 

-0.666 

1 

-0.051 

-0.809 

RH2^ 

0.421 

0.021 

0.051 

-0.573 

1 

0.064 

Rain 

-0.670 

0.717 

0.657 

-0.809 

0.064 

1 

'r' R values are Pearsons' Correlation coefficient 
* Significant at P-0.01; 
* * Significant at P - 0.05, rest insignificant. 
''Disease computed as % incidence (mean of five years); 
''R.H. 1 - % relative humidity (morning); ''R.H.2 - % relative humidity (evening) 

4.3. Pathogenicity test oi Exobasidium vexans on different tea 

varieties 

Thirty one tea varieties which includes 11 Darjeeling, 11 Tocklai and 9 UPASI, 

obtained from Tea Germplasm collection centre were used for varietal resistance test against 

Exobasidium vexans. Methods of inoculation, incubation conditions and disease 

assessment procedures have been discussed under Materials and Methods and results are 

given in Table-5. On the basis of disease incidence, the varieties are grouped into highly 

susceptible (S), higlily resistant (R), moderately susceptible (MS) and moderately resistant 

(MR), Among the Darjeeling varieties, AV2 was found to be highly susceptible while 

S449 and Teen Ali 17/1/54 were resistant. In case of Tocklai varieties, TVl 8 and TV28 

were highly susceptible and TV26 followed by TV23 and TV9 were highly resistant. 

However. UPS followed by UP3 and UP26 were highly susceptible among UPASI varieties 

tested, whereas, UP2, BSSl and BSS3 were resistant. Among the 31 varieties tested 
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maximum percentage of disease incidence was 80.1 % for AV2 and minimum was 3.2% 

(TV26). The external symptoms of the disease, occurrence on few artificially inoculated 

lea varieties (S449, AV2, TV 18 and UP3) have been presented in plate 9 (Figs. A to D). 

S449 showed resistance towards blister blight while AV2, TV 18 and UPS showed high 

susceptibility. 

Table 4 : Correlation Matrix showing correlation between blister blight and 

environmental factors during 5 years (1996-2000), two tailed significance, (hills) 

Disease 

Max. 
Temp 

IMin. 
Temp 

RHl 

RH2 

Rain 

Disease' 

1 

0.584 

0.665 

** 

0.702 

0.711 

* 

0.867 

Max. 
Temp 

0.584 

1 

* 

0.953 

0.688 

* 

0.811 

0.839 

Min 
Temp 

• * 

0.665 

* 

0.953 

1 

* 

0.953 

* 

0.774 

* 

0.892 

RH 1" 

** 

0.70 

• * 

0.688 

0.623 

1 

* 

0.925 

** 

0.784 

RH2^ 

** 

20.711 

* 

0.811 

* 

0.774 

* 

0.925 

1 

* 

0.826 

Rain 

* 

0.897 

* 

0.839 

* 

0.892 

* 

0.784 

* 

0.826 

1 

'r' r values are Pearsons' Correlation coefficient 

* Significant at P-0.01, 

** Significant at P-0.05, rest insignificant, 

'Disease computed as % incidence (mean of five years). 

''RH 1 -% relative humidity (morning) 

'RH2 - % relative humidity (evening) 
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Plate 9 (Figs. A-D): Tea varieties artificially inoculated with E.vexam 
(A) S-449; (B) AV-2; (C) TV-18; (D) UPAS 1-3 
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Table 5 :Pathogenicity test of Exobasidium vexans on tea varieties 

Tea Varieties Disease incidence (% )" Category 

Darjeeling 
CPI 60.0 ±0.02 s 
S449 10.0 ± 0.03 R 
Kill 32.0 ± 0.04 MR 
T-78 40.0 ± O.D3 MR 
Teen Ali 17/1154 10.0 ± 0.01 R 
T-135 61.6 ± 0.02 s 
P-1258 20.2 ± O.D3 MR 
BS/7A/76 58.8 ± 0.02 MS 
HV-39 17.1 ±O.D4 R 
B777 65.3 ± 0.01 s 
AV-2 80.1 ± 0.03 s 

Tocklai 
TV-9 15.5 ± 0.02 R 
TV-18 75.0.± 0.05 s 
TV-20 51.6 ± 0.03 MS 
TV-22 42.3 ± 0.08 MS 
TV-23 15.6 ± 0.04 R 
TV-25 51.4 ± 0.02 MS 
TV-26 3.2 ± 0.05 R 
TV-27 68.5 ± 0.12 s 
TV-28 70.1 ± 0.03 s 
TV-29 55.5 ± 0.01 MS 
TV-30 26.9 ± 0.08 MR 

UPASI 
UP-2 13.1 ± 0.04 R 
UP-3 65.5 ± 0.08 s 
UP-8 70.6 ± 0.04 s 
UP-9 60.2 ± 0.07 s 
UP-17 54.1 ± 0.07 MS 
UP-26 60.0 ± 0.08 s 
BSSl 19.9±0.01 R 
BSS2 22.2±0.05 MR 
BSS3 17.7 ± 0.06 R 

± Standard error 

"Mean of3 experiements. 

S- Susceptible; R-Resistant; MR-Moderately resistant; MS-Moderately susceptible. 
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4.4. Detection of cross reactive antigens between E. vexans and 

tea varieties 

The complexity of the interactions tliat affect the selection oi'parasites and allow for 

their establisliment and survival away among host cells is manifest in the frequency and 

variability of cell surface antigens. Antigen sharing betwen different cells has been of special 

interest because of its coincidence in compatible host-parasite relationships, its possible 

significance also has been indicated in cell to cell relationships of host parasites. The presence 

of cross reactive antigens (CRA) among hosts and pathogenic organisms is a well established 

phenomenon. Various methods have been generally used to detect the presence of CRA 

between host and parasite. In the present investigation, cross reactive antigens between E. 

vexans and tea varieties have been detected using immunodiffusion and enzyme linked 

immunosorbent assay (ELIS A). 

4.4.1. Immunodiffusion tests 

At the onset, polyspecific antibody raised against blister infected tea leaves of 

Castleton Tea Estate (CTE) was used for detection of CRA using agar gel double diffusion 

test. In addition, polyclonal antibody raised against antigen prepared from basidiospores 

of Exobasidium vexans collected from natural blister infected tea leaves of Castieton Tea 

Estate (CTE) and polyspecific antibody raised against blister infected tea leaves of Hansqua 

Tea Estate (HTE), were used for detection of CRA by enzyme linked immunosorbent 

assay (ELIS A) after their optimization. 

The effectiveness of antigen preparations from blister infected leaves of CTE and 

HTE as well asbasidiospores of E. vexans in raising polyspecific and polyclonal antibodies 

were checked by homologous cross-reaction in agar gel double diffiasion test (Plate 10 

Figs. A-F). Control sets involving normal serum (preimmune serum) and antigen of blister 

infected leaves and basidiospores were all negative. Effectiveness of antigen extracts from 

healthy tea leaves of 31 varieties were tested against polyspecific antibody (PS 1/B) of 

E. vexans. Results have been presented in Table 6. Fifteen tea varieties (CP1, Kl/1, T78, 

BS/7A/76, B777, AV2, TVl 8, TV25, TV26, TV27, TV28, UPS, UP9, UP17 and UP26) 

showed strong precipitation reactions. Weak precipitation reactions were observed when 

PSI/B reacted with Teen Ali 17/1/54, P1258, HV39, TV20, TV22, TV30, UP2 and 

UPS. However, no such precipitation was observed in cross reaction between pathogen 

antisera and 8 tea varieties such as BSS1, BSS2, TV29, TV23, Tl 35 and S449, and non 

pathogen •(/̂ wj'flr/wm graminearum) and non host (Oryza saliva). 



• 2 

Plate 10 (Figs. A-F) :Agar gel double diffusion tests.Central wells (7 & 4) 
contain polyspecific (A-D)and polyclonal (E&F) antisera of E.vexans. 

Peripheral wells (1-6) contain antigens; (A,C&E)-2°'̂  bleeding; (B,D&F)-
3'''bleeding; .(A-E) Blister infected leaf (1,4,5&6); Healthy leaf (2&3). 
(F)- infected leaf (l),basidiospore (2),healthy leaf (3). 
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Table 6 :Detection of Cross reactive antigens among Tea varieties and 

Exobasidium vexans using agar gel double diffusion tests 

Antigens 
of host 

Polyspecific 
Antisera 
alE.vexans 
(PS-I/B) 

Antigens 
of host 
and parasite 

Polyspecific 
Antisera 
of E. vexans 
(PS-I/B) 

Tea Varieties 
Darjeeling 

CPl 
S449 
Kl/1 
T78 
Ten AH 17/1/54 
T135 
P-1258 
BS/7A/76 
HV39 
B777 
AV2 

Tocklai 
TV9 

TV18 
TV20 
TV22 
TV23 
TV25 
TV26 
TV27 
TV28 
TV29 
TV30 

+ 
-
+ 
+ 
-
-
+ 
-
+ 
+ 
+ 

— 

+ 
+ 
+ 
-
+ 
-
+ 
+ 
-
+ 

Tea Varieties 
UPASI 

Pathogen 
E. vexans 

UP2 
UP3 
UP8 
UP9 
UP17 
UP26 
BSSl 
BSS2 
BSS3 

Blister postules (CTE) 
Blister postules (HTE) 
Basidiospores (CTE) 

Non-Pathc 
F. gramine 

Non-host 

)gen 
arum 

Oryza sativa 

+ 
+ 
+ 
+ 
+ 
+ 
— 
— 
— 

+ 
+ 
+ 

— 

PSl/B : Polyspecific antibody prepared from blister infected tea leaves of Castleton Tea 
Estate / 2nd bleeding ; CTE : Castleton Tea Estate ; HTE : Hansqua Tea Estate 

+ : Common precipitin band present; + : Weak precipitin band present; 

- : Common precipitin band absent 

4.4.2. Direct antigen coated enzyme linked immunosorbent asay (DAC-ELISA) 

Enzyme linked immunosorbent assay is one of the most sensitive serological 

techniques for detection of cross reactive antigens between host and pathogen as well as 

for detection of pathogen in diseased tissue. In indirect or DAC-ELISA antigens are bound 
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to the microtitre plates after which the antibody is allowed to bind to the antigen. To this 

antigen antibody complex, the conjugate (an antibody conjugated to enzyme) is 

added.Finally the non coloured substrate is added which is converted to a coloured end 

product which is generally detected by a reader. 

4.4.2.1. Optimization of ELISA 

Optimization was done considering two variables, dilution of the antigen extract and 

dilution of antiserum. Enzyme dilution was kept constant at 1:10,000. 

4.4.2.1.1. Polyspecific antibody (PS-I) raised against blister infected tea leaves of 

Castleton Tea Estate (CTE). 

Immunogen (blister infected tea leaves of CTE) and purified sera (IgG) were 

designated as PS-I/A, PS-l/B, PS-l/C and PS-I/D with first, second, third and fourth 

bleedings respectively. These were used for optimization. 

4.4.2.1.1.1. Antigen dilution 

Doubling dilution of blister infected leaf antigen (Source-CTE) were tested against 

two antiserum dilutions (1:125 and 1:250). Result have been presented in Tables 7-10. 

Table 7: ELISA reaction with various concentrations of blister infected leaf antigen 

and homologous antiserum (PS-I)* 

Antisera (PS-I/A'') dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.260 ±0.05' 0.201 ±0.03^ 

125 0.265 ±0.02 0.256 ± 0.08 

250 0.379 ±0.08 0.292 ± 0.06 

500 0.484 ±0.03 0.354 ±0.03 

1000 0.617 ±0.03 0.472 ±0.01 

2000 0.770 ±0.03 0.595 ± 0.04 

4000 1.039 ±0.01 0.799 ±0.01 

8000 1.303 ±0.06 1.242 ±0.04 

+ Standard error 
''Poly specific antisera raised against blister infected tea leaves collected from Castleton 
Tea Estate.;'' 1 st bleeding; '̂ Mean of three experiments. 
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Table 8 : ELISA reaction with various concentrations of blister infected leaf antigen 

and homologous antiserum (PS-1)* 

Antigen concentration ng/ml 

Antisera (PS-I/B") dilution 

1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.452 ±0.0P 

0.483 ±0.03 

0.582 ±0.04 

0.745 ±0.08 

0.928 ±0.01 

1.077 ±0.05 

1.329 ±0.01 

1.531 ±0.03 

0.292 ± 0.05*̂  

0.319 ±0.08 

0.411 ±0.09 

0.650 ±0.04 

0.704 ± 0.04 

0.871 ±0.08 

1.038 ±0.05 

1.467 ±0.04 

+ Standard error 
•'Polyspecific antisera raised against blister infected tea leaves collected from Castleton 
Tea Estate ; ''2nd bleeding; ''Mean of three experiments. 

Table 9 : ELISA reaction with various concentrations of blister infected leaf antigen 

and homologous antiserum (PS-I)" 

Antisera (PS-I/C") dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.336 ±0.05^ 

0.368 ±0.01 

0.494 ± 0.02 

0.595 ±0.02 

0.731 ±0.01 

0.841 ±0.02 

1.064 ±0.01 

1.511 ±0.09 

0.216 ±0.03' 

0.257 ±0.06 

0.349 ±0.01 

0.532 ±0.04 

0.661 ± 0.04 

0.939 ±0.05 

0.992 ±0.01 

1.495 ±0.01 

+ Standard error 

'Poly specific antisera raised against blister infected tea leaves collected from Castleton 

Tea Estate.; ''3rd bleeding; ''Mean of three experiments. 
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Table 10 : ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous antiserum (PS-I)" 

Antisera (PS-I/D'') dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.332 ±0.04^ 0.220 ±0.03^ 

125 0.385 ±0.05 0.244 ±0.06 

250 0.444 ±0.05 0.336 ±0.02 

500 0.561 ±0.08 0.426 ±0.05 

1000 0.699 ±0.05 0.604 ±0.01 

2000 0.781 ±0.05 0.715 ±0.03 

4000 0.972 ± 0.01 0.920 ± 0.06 

8000 ' 1.356 ±0.01 1.492 ±0.06 

+ Standard error 

''Polyspecific antisera raised against blister infected tea leaves collected from Castleton 

Tea Estate.; ''4th bleeding; ''Mean of three experiments. 

4.4.2.1.1.2. Antiserum dilution 

Antiserum dilutions ranging from 1:125 to 1:16000 were tested against homologous 

antigen at a concentration of 8)j.g/ml. Absorbance values in ELISA decreased from the 

dilution of 1:125 to 1:16000.The reactions are performed using all four bleedings (PS-I/A, 

PS-I/B, PS-I/C and PS-I/D). Results are shown in Tables 11-14. 

4.4.2.1.2. Polyspecific antibody (PS-II) raised against blister infected tea leaves 

of Hansqua Tea Estate 

Immunogen (blister infected tea leaves of HTE) and purified sera (IgG) were 

designated as PS-II/A, PS-II/B, PS-II/C, PS-II/D, and PS-II/E with first second, third, 

fourth and fifth bleedings respectively. These were used for optimization. 

4.4.2.1.2.1. Antigen dilution 

Doubling dilution of blister infected leaf antigen (Source-HTE) were tested against 

two antiserum dilutions (1:125 and 1:250). ELISA values increased with the increase of 

antigen concentrations. Results have been presented in Tables 15 to 19. 
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Table 11 : ELISA reaction with various dilutions of anti-E.vexans antiserum and 

homologous antigen. 

Antisera dilution 
PS-I/A 
(First bleeding) 

1:125 

1 
1 

1 
1 

1 

1 
1 

250 
500 

1000 
2000 

4000 

8000 
16000 

Exp-1 

0.961 
0,800 
0.512 

0.478 
0.362 

0.330 

0.333 
0.217 

Absorbance at 405 nm. 

Antigen 

Exp-2 

0.969 
794 

0.502 

0.478 
0.372 

0.336 

0.326 
0.217 

Cone. (8|ig/ 

Exp-3 

0.977 
0.789 
0,514 
0.479 

0.382 

0.370 

0.331 
0.214 

ml) 

Mean 

0,969 ±0.01 
0,794 ±0,02 
0,509 ±0,01 

0,478 ±0.01 
0,372 ±0.02 

0,330 ±0,03 

0,330 ±0,01 
0.216±0,01 

Standard error. 

Table 12 : ELISA reaction with various dilutions of anti-£'. v̂ Ara/w antiserum and 

homologous antigen 

Antisera dilution 
PS-I/B 
(Second bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
6000 

Absorbance at 405 nm. 

Anti 

Exp-1 

1.281 
0.999 
0.646 
0.564 
0.482 
0.433 
0.345 
0.243 

gen Cone. 

Exp-2 

1.282 
0.991 
0.675 
0.570 
0.481 
0.438 
0.340 
0.246 

(8^ig/ml) 

Exp-3 

1,285 
0,992 
0.670 
0.567 
0.481 
0.434 
0.342 
0.249 

Mean 

1.282 ±0.00 
0.994 ± 0.03 
0.663 ±0.02 
0.567 ±0.02 
0.481 ±0.04 
0.435 ±0.02 
0.342 ±0.02 
0.246 ±0.02 

+ Standard error. 
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Table 13 :ELISA reaction with various dilutions of anti-̂ ". vex««5 antiserum and 
homologous antigen 

Antisera dilution 
PS-I/C 
(Third bleeding) 

1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 

Exp-1 

1.224 
1.024 
0.932 
0.789 
0.658 
0.411 
0.276 

Absorbance at 405 nm. 

Antigen 

Exp-2 

1.235 
1.040 
0.939. 
0.780 
0.654 
0.402 
0.280 

Cone. (8|ig/ 

Exp-3 

1.246 
1.110 
0.941 
0.776 
0.652 
0.402 
0.279 

ml) 

Mean 

1.235 + 0.01 
1.058 + 0.03 
0.937 ±0.04 
0.781 ±0.01 
0.654 ±0.01 
0.405 ±0.01 
0.278 ±0.01 

+ Standard error 

Table 14 :ELISA reaction with various dilutions of anti-E. vexans antiserum and 
homologous antigen. 

Antisera dilution 
PS-I/D 
(Fourth bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 . 
2000 
4000 
8000 
16000 

Exp-1 

1.003 
0.887 
0.750 
0.628 
0.494 
0.383 
0.330 
0.237 

Absorbance at 405 nm. 

Antigen Cone. (Ŝ ĝ/ 

Exp-2 Exp-3 

0.973 l.OOI 
0.870 0.881 
0.741 0.745 
0.630 0.632 
0.494 0.495 
0.380 0.379 
0.350 0.341 
0.233 0.231 

ml) 

Mean 

0.992 ±0.04 
0.879 ±0.01 
0.745 ± 0.03 
0.630 ± 0.02 
0.494 ± 0.00 
0.381 ±0.02 
0.343 ±0.01 
0.234 ± 0.02 

+ Standard error 
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Table 15 : ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous polyspecific antiserum (PS-II)". 

Antisera (PS-II/A'') dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.386 ±0.08° 0.299 ± 0.03"= 

125 0.408 ±0.05 0.321 ±0.03 

250 0.426 ±0.07 0.298 ± 0.02 

• 500 0.564 ±0.05 0.394 ±0.01 

1000 0.807 ±0.08 0.586 ±0.04 

2000 0.961 ±0.01 0.685 ±0.03 

4000 1.153±0.04 1.119±0.06 

8000 1.265 ±0.01 1.165 ±0.08 

+ Standard error 

"Poly specific antisera raised against blister infected tea leaves collected from Hansqua 

Tea Estate; ''1 st bleeding; "=Mean of three experiments. 

Table 16: ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous polyspecific antiserum (PS-II)" 

Antisera (PS-II/B)'' dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.397 ±0.02 0.304 ±0.03 

125 0.484 ±0.03 0.326 ±0.04 

250 0.478 ± 0.02 0.397 ± 0.04 

500 0.609 ±0.01 0.496 ±0.07 

1000 0.694 ±0.03 0.578 + 0.01 

2000 0.826 ± 0.02 0.624 ± 0.03 

4000 0.918 ±0.02 0.801 + 0.03 

8000 1.108 ±0.03 0.945 ±0.02 

+ Standard error 

"Polyspecific antisera raised against blister infected tea leaves collected from Hansqua Tea 

Estate; ''2nd bleeding; "̂ Mean of three experiments. 
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lable 17 : ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous polyspecific antiserum(PS-II)" 

Antisera (PS-II/C") dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.507 ±0.03^ 0.162 ±0.02^ 

125 0.655 ±0.08 0.293 ± 0.03 

250 0.560 ±0.09 0.327 ± 0.01 

500 0.756 ±0.06 0.364 ± 0.09 

1000 0.907 ±0.01 0.566 ±0.08 

2000 1.283 ±0.04 0.914 ±0.09 

4000 1.290 ±0.06 0.948 ± 0.05 

8000 1.885 ±0.05 0.987 ± 0.06 

+ Standard error 

"Poly specific antisera raised against blister infected tea leaves collected from Hansqua 
Tea Estate; ''3rd bleeding; ''Mean of three experiments. 

Table 18 : ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous polyspecific antiserum (PS-II)" 

Antisera (PS-II/D") dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 0.285 ±0.01^ 0.208 ±0.01' 

125 0.288 ±0.01 0.205 ±0.01 

250 0.280 ±0.10 0.220 ±0.06 

500 0.330 ±0.04 0.228 ± 0.03 

1000 0.426 ± 0.06 0.300 ± 0.09 
2000 0.492 ±0.04 0.384 ±0.06 
4000 0.560 ±0.03 0.457 ±0.01 
8000 0.656 ±0.06 0.576 ± 0.02 

+ Standard error 

'Polyspecific antisera raised against blister infected tea leaves collected from Hansqua Tea 

Estate; ''4th bleeding; 'Mean of three experiments. 



Table 19 : ELISA reaction with various concentrations of blister infected leaf 

antigen and homologous polyspecific antiserum (PS-II)" 

Antigen concentration ng/ml 

Antisera (PS-II/E") dilution 

1:125 1:250 

62.5 

125 
250 
500 
1000 
2000 
4000 
8000 

0.296 + 0.02'= 
0.292 + 0.01 
0.326 ±0.04 
0.340 + 0.09 
0.345 ±0.09 
.0.403 ±0.05 
0.422 ±0.01 
0.434 ±0.01 

0.222 ± 0.02^ 
0.224 ±0.02 
0.237 ±0.01 
0.256 ±0.06 
0.244 ±0.07 
0.291 ±0.01 
0.350 ±0.01 
0.392 ±0.06 

+ Standard error 

"Polyspecific antisera raised against blister infected tea leaves collected from Hansqua Tea 

Estate; ''5th bleeding; "Mean of three experiments. 

4.4.2.1.2.2 Antiserum dilution 

Antiserum dilution ranging from 1:125 to 1:16000 were tested against homologous 

antigen at a concentration of 8 |a,g / ml. This was tested for all the polyspecific antisera 

(Tables 22 to 24). 

Table 20 : ELISA reaction with various dilutions of anti-̂ ". vexans antiserum and 

homologous antigen. 

Antisera dilution 
PS-II/A 
(First bleeding) 

1 
1 
1 
1 
1 
1 

. 1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

1.200 
0.956 
0.696 
0.565 
0.439 
0.334 
0.263 
0.252 

Absorbance at 405 nm. 

Antigen 

Exp-2 

1.127 
0.991 
0.672 
0.564 
0.389 
0.331 
0.259 
0.250 

Cone. (8iig/ 

Exp-3 

1.127 
1.025 
0.768 
0.580 
0.440 
0.339 
0.260 
0.258 

ml) 

Mean 

1.124±0.03 
0.990+ 0.02 
0.712+0.04 
0.569±0.01 
0.422± 0.02 
0.334±0.02 
0.260±0.02 
0.253 ±0.03 

+ Standard error 
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Table 21: ELISA reaction with various dilutions of anti-E. vexawi'antiserum and 

homologous antigen. 

Antisera dilution 
PS-II/B 
(Second bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

0.850 
0.799 
0.562 
0.498 
0.386 
0.313 
0.274 
0.275 . 

Absorbance at 405 nm. 

Antigen 

Exp-2 

0.795 
0.664 
0.582 
0.490 
0.380 
0.308 
0.274 
0.272 

Conc.(8|j,g/i 

Exp-3 

0.762 
0.673 
0.588 
0.488 
0.400 
0.301 
0.280 
0.277 

ml) 

Mean 

0.802 ±0.04 
0.705 + 0.05 
0.574 ±0.01 
0.492 ±0.01 
0.388 ±0.01 
0.307 ±0.02 
0.276 ± 0.02 
0.274 ± 0.02 

+ Standard error. 

Table - 22 : ELISA reaction with various dilutions of anti-E. vexans antiserum and 

homologous antigen. 

Antisera dilution 
PS-II/C 
(Third bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

1.010 
0.907 
0.726 
0.661 
0.460 
0.395 
0.345 
0.292 

Absorbance at 405 nm. 

Antigen 

Exp-2 

0.990 
0.901 
0.698 
0.686 
0.491 
0.390 
0.353 
0.289 

Cone. (8|i.g/ 

Exp-3 

1.001 
0.910 
0.711 
0.666 
0.486 
0.392 
0.349 
0.290 

ml) 

Mean 

1.003 ± 0.02 
0.906 ±0.01 
0.712 ±0.01 
0.671+0.01 
0.479 ± 0.03 
0.392 ±0.02 
0.349 ±0.01 
0.290 ±0.01 

+ Standard error. 
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Table 23 :ELISA reaction with various dilutions of anti-E. vexans antiserum and 

homologous antigen. 

Antisera dilution 
PS-II/D 
(Fourth bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

0.545 
0.456 
0.460 
0.372 
0.270 
0.304 
0.263 
0.250 

Absorb; 

Antigen 

Exp-2 

0.528 
0.532 
0.457 
0.356 
0.283 
0.310 
0.257 
0.264 

inceat405 nm. 

Cone. (8)ig/ml) 

Exp-3 Mean 

0.562 0.545 ±0.01 
0.550 0.542 ±0.01 
0.455 0.457 ±0.01 
0.358 0.362 ±0.01 
0.255 0.269 ±0.01 
0.308 0.307 ±0.01 
0.269 0.263 ± 0.02 
0.2789 0.264 ±0.01 

+ Standard error 

Table 24 :ELISA reaction with various dilutions of anti-E. vexans antiserum and 

homologous antigen. 

Antisera dilution 
PS-II/E 
(Fifth bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

0.443 
0.437 
0.336 
0.334 
0.290 
0.263 
0.259 
0.207 

Absorbs 

Antigen 

Exp-2 

0.441 
0.432 
0.350 
0.338 
0.298 
0.268 
0.260 
0.210 

mceat405 nm. 

Cone. (8|ig/ 

Exp-3 

0.446 
0.428 
0.343 
0.331 
0.282 
0.260 
0.259 
0.215 

ml) 

Mean 

0.443 ±0.01 
0.432 ±0.01 
0.343 ±0.02 
0.334 ±0.01 
0.290 ±0.02 
0.263 ±0.01 
0.259 ±0.02 
0.210 ±0.01 

Standard error. 
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ELISA values increased with increase of antigen concentration. Concentrations as 

low as 62.5ng/ml could be easily detected by DAC-ELISA at both antisera dilution (1:125 

and 1:250) (Fig. 10). On the other hand, absorbance values in ELISA reaction decreased 

from the dilution of 1:125 to 1:16000 (Fig. 11). 

4.4.2.1.3. Polyclonal antibody (PC-I) raised against basidiospores collected from 

blister infected tea leaves (CTE) 

Tmmunogen (basidiospores collected from blister infected tea leaves of CTE) and 

purified sera (IgG) were designated as PC-I/A, PC-I/B, PC-I/C and PC-I/D with first, 

second, third and fourth bleedings respectively. These were used for optimization. 

4.4.2.1.3.1. Antigen dilution 

Doubling dilution of spore antigen (CTE) were tested against two antiserum dilutions 

(1:125 and 1:250). Results have been presented in Tables 25 to 28. 

Table 25 : ELISA reaction with various concentrations of spore antigen and 

homologous polyclonal antiserum (PC-I)" 

Antigen concentration ng/ml 

Antisera (PC-I/A") dilution 

1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.251 ±0.04^ 
0.384 ±0.01 
0.412 ±0.05 
0.501 ±0.05 
0.588 ±0.05 
0.781 ±0.01 
0.897 ±0.06 
1.231 ±0.07 

0.211 ±0.08'^ 
0.256 ±0.01 
0.310±0.01 
0.345 ±0.06 
0.444 ± 0.05 
0.587 ±0.06 
0,771 ±0.06 
1.001 ±0.07 

+ Standard error 
'Polyclonal antisera raised against basidiospores of blister infected leaf from Castleton 
lea Estate. 
'' 1 St bleeding; '̂ Mean of three experiments. 
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Effect of antigen dilution of E.vexans on ELISA reaction with homologous 
antisera 

PS-I/B 

62.5 125 250 500 1000 2000 4000 8000 

Antigen dilution (ng/ml) 125 
250 

PS-I/C 

Antigen dilution (ng/ml) •125 
-250 

PS-II/B PS-II/C 

Antigen dilution (ng/ml) -125 
-250 

,5.̂  ŷ" 'f # ^# / ^̂  

Antigen dilution (ng/ml) -125 
-250 

PS: Polyspecific antisera;I-Castleton;II-Hansqua;B-Second bleeding;C-Third bleeding 

Fig.lO 



Effect of dilution of polyspecific antisera of E.vexans on ELISA reaction 
with homologous antigens 

PS-I/B 

o^ # # / #̂ / / / 
Reciprocal aatiserum dilution 

PS-II/B 

Reciprocal antiserum dilution 

PS-I/C 

<>" ^ <^ ̂ ^ ^# / ^ # / 
Reciprocal antiserum dilution 

PS-II/C 

Reciprocal antiserum dilution 

PS: Polyspecific antisera;I-CastIeton;II-Hansqua;B-Second bIeeduig;C-TIiird bleeding 

Fig.ll 
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Table 26 : ELISA reaction with various concentrations of spore antigen and 

homologous polyclonal antiserum (PC-I)" 

Antigen concentration ng/ml 

Antisera (PC-I/B") dilution 

1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.242 ±0.02^ 

0.385 ±0.06 

0.442 ± 0.05 

0.512 ±0.06 

0.590 ±0.04 

0.791 ±0.04 

0.880 ±0.03 

1.324 ±0.02 

0.211 ±0.03= 

0.266 ±0.01 

0.311 ±0.01 

0.361 ±0.01 

0.463 ±0.07 

0.586 ±0.05 

0.789 ±0.06 

1.213±0.01 

+ Standard error 
''Polyclonal antisera raised against basidiospores of blister infected leaf from Castleton 
Tea Estate ; ''2nd bleeding; 'Mean of three experiments 

Table 27 : ELISA reaction with various concentrations of spore antigen and 

homologous polyclonal antiserum (PC-I)" 

Antisera (PC-I/C") dilution 

Antigen concentration ng/ml 1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.245 ±0.05= 

0.374 ±0.05 

0.410 ±0.05 

0.521 ±0.02 

0.584 ±0.01 

0.638 ±0.01 

0.781 ±0,02 

1.001 ±0.01 

0.210 ±0.02= 

0.232 ±0.06 

0.310 ±0.02 

0.354 ±0.08 

0.451 ±0.07 

0.582 ±0.08 

0.659 ±0.06 

1.984 ±0.06 

+ Standard error 

'Polyclonal antisera raised against basidiospores of blister infected leaf from Castleton 

Tea Estate; ''3rd bleeding; =Mean of three experiments. 
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Table 28 : ELISA reaction with various concentrations of spore antigen and 
homologous polyclonal antiserum (PC-I)" 

Antigen concentration ng/ml 

Antisera (PC-I/D") dilution 

1:125 1:250 

62.5 

125 

250 

500 

1000 

2000 

4000 

8000 

0.245 ±0.05^ 

0.385 ±0.08 

0.420 ±0.04 

0.511 ±0.02 

0.598 ±0.08 

0.682 ±0.03 

0.795 ±0.06 

1.898 ±0.09 

0.191 ±0.02^' 

0.241±0.04 

0.321 ±0.03 

0.512 ±0.04 

0.552 ±0.02 

0.588 ±0.07 

0.692 ±0.01 

1.791 ±0.02 

+ Standard error 
'Polyclonal antisera raised against basidiospores of blister infected leaf from Castleton 
Tea Estate ; ''4th bleeding ; 'Mean of three experiments. 

4.4.2.L3.2. Antiserum dilution 
Antiserum dilutions ranging from 1:125 to 1:16000 were tested against homologous 

antigen at a concentration of 8̂ Lg/ml.in ELISA reactions (Tables 29 to 32). 

Table 29 : ELISA reaction with various dilution of anti-E. vexans antiserum and 
homologous antigen. 

Antisera dilution 
PC-I/A 
(First bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

1.021 
0.993 
0.872 
0.776 
0.581 
0.441 
0.401 
0.209 

Absorba 

Antigen 

Exp-2 

1.008 
0.899 
0.805 
0.713 
0.556 
0.458 
0.336 
0.218 

inceat405nm. 

Cone. (8|ig/ 

Exp-3 

1.022 
0.986 
0.866 
0.618 
0.582 
0.419 
0.382 
0.199 

ml) 

Mean 

1.005 ±0.05 
0.971 ±0.04 
0.847 ±0.02 
0.702 ±0.03 
0.573 ±0.01 
0.439 ±0.01 
0.373 ±0.02 
0.208± 0.01 

Standard error. 
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Table 30 : ELISA reaction with various dilutions of anti-E. vexans antiserum and 

homologous antigen 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Antisera dilution 
PC-I/B 
(Second bleeding) 

Exp-1 

Absorbance at 405 nm. 

Antigen Cone. (8)ig/ ml) 

Exp-2 Exp-3 Mean 

1.231 
0.986 
0.816 
0.755 
0.486 
0.501 
0.401 
0.211 

1.201 
0.913 
0.809 
0.769 
0.505 
0.446 
0.344 
0.266 

1.211 
0.817 
0.791 

0.640 
0.513 
0.433 
0.381 
0.234 

1.214±0.01 
0.905 ±0.05 
0.805± 0.01 
0.721 ±0.04 
0.501 ±0.01 
0.460 ±0.02 
0.375 ±0.02 
0.237 ±0.02 

+ Standard error. 

Table 31 : ELISA reaction with various dilutions of anti-E. vt'Xfl«5 antiserum and 

homologous antigen. 

Antisera dilution 
PC-I/C 
(Third bleeding) 

I 
1 
1 

1 
1 
1 
1 
1 

125 
250 
500 

1000 
2000 
4000 
8000 
16000 

Exp-1 

0.863 
0.711 
0.622 

0.611 
0.412 
0.338 
0.211 
0.198 

Absorbance at 405 nm. 

Antigen Cone. (8|ig/ 

Exp-2 Exp-3 

0.852 0.800 
0.732 0.713 
0.626 0.623 

0.556 0.538 
0.448 0.436 
0.296 0.288 
0.203 0.210 
0.2012 0.189 

ml) 

Mean 

0.838 ±0.04 

0.718 ±0.01 
0.623 ±0.01 
0.568 ±0.02 
0.432 ±0.02 
0.307 ±0.01 
0.208 ±0.01 
0.196 ±0.02 

+ Standard error. 
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Table 32 : ELISA reaction with various dilutions of anti-E. vexans antiserum and 

homologous antigen 

Antisera dilution 
PC-I/D 
(Fourth bleeding) 

1 
1 
1 
1 
1 
1 
1 
1 

125 
250 
500 
1000 
2000 
4000 
8000 
16000 

Exp-1 

0.658 
0.616 
0.561 
0.468 
0.403 
0.358 
0.228 
0.162 

Absorbance at 405 nm. 

Antigen 

Exp-2 

0.707 
0.599 
0.512 
0.488 
0.411 
0.336 
0.215 
0.168 

Cone. (8p.g/ 

Exp-3 

0.711 
0.603 
0.498 
0.471 
0.412 
0.321 
0.195 
0.153 

ml) 

Mean 

0.692 ±0.02 
0.606 + 0.01 
0.523 ±0.02 
0.475 ±0.01 
0.408 ±0.01 
0.338 ±0.01 
0.212 ±0.01 
0.161 ±0.02 

Standard error. 

ELISA values increased with increase of antigen concentration. Concentrations as 

low as 62.5 ng/ml could be easily detected by DAC-ELISA at both antisera dilutions 

(1:125 and 1:250) (Fig. 12). Where as absorbance values in ELISA reactions decreased 

from dilution of 1:125 to 1:16000 (Fig. 13). 

4.4.2.2. Comparison of ELISA reactivity among antigens of different tea varieties 

against antiserum ofE. vexans. 

Indirect ELISA could readily detect cross reaction between pathogen antisera and 

host. Healthy tea leaf antigens of 11 Darjeeling, 9 UPASI and 11 Tocklai varieties were 

tested separately against two antibodies (PS-I and PS-11 1 st to 4th bleeding) ofE. vexans 

using DAC-ELISA for detecton of cross reactive antigens shared between E. vexans and 

tea varieties. In each cases antigen concentration was 40|ig/ml and antiserum dilution was 

made to 1:250. However. 12 varieties (4 each from Darjeeling, Tocklai and UPASI) were 

selected and tested against polyclonal antibody (PC-I/B) ofE vexans for the detection of 

CRA. Antigen concentration was kept as 40|ig/ml and antisera dilution was made to 

1:250. Experiments were repeated thrice under same conditions. Results have been 

presented from tables 33 to 39. 
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Effect of antigen dilution of E.vexans on 
ELISA reaction with homologous antisera 

PC-l/B 

62.5 125 250 500 1000 2000 4000 8000 

Antigen dilution (ng/ml) -125 
-250 

PC-I/C 

62.5 125 250 500 1000 2000 4000 8000 

Antigen dilution (ng/ml) -125 
-250 

PC: Polyclonal antisera;I-Castleton;B-Second bleeding;C-Third bleeding 

Fig.l2 
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Effect of antisera dilution of E.vexans on 
ELISA reaction with homologous antigens 

1.4 

1.2 

I 

I 0.8 
lO 
% 0.6 

0.4 

0.2 

0 

PC-I/B 

125 250 500 1000 2000 4000 8000 16000 

Reciprocal antiserum diiution 

E 
c 
lO 
o 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

PC-I/C 

125 250 500 1000 2000 4000 8000 16000 

Reciprocal antiserum dilution 

PC: Polyclonal antisera;I-CastIeton;B-Second bleeding;C-Third bleeding 

Fig.l3 
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Table 33: Indirect ELISA values ( A-405nm) of healthy tea leaf antigens of 

Darjeeling varieties against ^/.vexflrt^ Polyspecific antiserum (PSI) 

Antigens of host 

and parasite 

(40)Xg/ml) Polyspecific(PS-I) antibody of f.v^jca/ii^ (1 : 250 dilution) 

Tea varieties' PS-I/A PS-I/B PS-I/C PS-I/D 

CPl 

S449 

Kl/1 

AV2 

T-78 

Teen All-
17/1/54 

BS/7A/76 

P1258 

MV39 

T135 

B777 

E. vexans'' 

0.568 ±0.04 

0.333 ±0.08 

0.635 ±0.04 

0.872 ±0.02 

0.652 ±0.03 

0.340 ±0.02 

0.510 ±0.02 

0.435 ±0.01 

0.500 ±0.06 

0.245 ±0.01 

0.744 ±0.01 

1.220 ±0.04 

0.523 ±0.10 

0.323 ±0.04 

0.720 ±0.03 

0.868 ±0.03 

0.691 ±0.02 

0.310±0.01 

0.558 ±0.04 

0.480 ±0.02 

0.551 ±0.01 

0.279 ±0.01 

0.750 ±0.02 

1.770 ±0.01 

0.511 ±0.01 

0.279 ±0.03 

0.777 ±0.04 

0.860 ±0.02 

0.638 ±0.03 

0.348 ±0.01 

0.557 ±0.04 

0.441 ±0.05 

0.568 ±0.01 

0.233 ±0.02 

0.779 ±0.02 

1.560 ±0.04 

0.501 ±0,01 

0.200 ±0.01 

0.760 ±0.01 

0.852 ±0.02 

0.515 ±0.02 

0.350 ±0.03 

0.535 ±0.02 

0.448 ±0.02 

0.551 ±0.02 

0.244 ± 0.03 

0.771 ±0.04 

1.670 ±0.04 

+ Standard error. 

PSI - Polyspecific antibody prepared from blister infected tea leaves of Castleton Tea 

Hslate (Hills). 

PSI/A - 1 st bleeding ; PS-I/B - 2nd Bleeding; PS-I/C - 3rd bleeding ; PS-I/D - 4th 

bleeding. 

'Healthy tea leaves. 

''Naturally blister infected tea leaves of Castleton Tea Estate. 
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Table 34: Indirect ELISA values (A-405nm) of healthy tea leaf antigens of Tocklai 

varieties against E.vexans Polyspecific antiserum (PSI) 

Antigens of host 

and parasite 
(40|J.g/ml) Polyspeciric(PS-I) antibody of E.vexans {I : 250 dilution) 
Tea varieties' PS-I/A PS-I/B PS-I/C PS-I/D 

TV9 

TV20 

TV22 

TV23 

TV 18 

TV25 

TV26 

rV27 

TV28 

TV29 

TV30 

E. vexans'' 

0.471 ±.0.01 

0.500 ±0.04 

0.442 ±0.01 

0.380 ±0.01 

0.622 ±0.03 

0.511 ±0.01 

0.210 ±0.03 

0.666 ±0.04 

0.649 ± 0.04 

0.325 ±0.02 

0.440 ± 0.04 

1.270 ±0.04 

0.466 ± 0.02 

0.560 ±0.04 

0.494 ± 0.04 

0.320 ±0.01 

0.610 ±0.02 

0.524 ±0.01 

0.268 ± 0.02 

0.678 ± 0.03 

0.652 ±0.01 

0.369 ±0.06 

0.466 ±0.01 

1.750±0.01 

0.494 ±0.01 

0.550 ±0.01 

0.406 ±0.01 

0.300 ±0.02 

0.654 ±0.05 

0.500 ±0.03 

0.200 ± 0.02 

0.678 ±0.01 

0.658 ±0.05 

0.310 ±0.03 

0.480 ±0.01 

1.650 ±0.04 

0.390 ±0.03 

0.517 ±0.04 

0.462 ±0.01 

0.312 ±0.03 

0.590 ±0.03 

0.500 ±0.02 

0.258 ±0.02 

0.598 ±0.03 

0.659 ±0.01 

0.300 ±0.02 

0.450 ±0.01 

1.566 ±0.04 

± Standard error. 

PSl - Polyspecific antibody prepared from blister infected tea leaves of Castleton Tea 
Estate (Hills). 
PSI/A - 1 st bleeding ; PS-I/B - 2nd Bleeding; PS-I/C - 3rd bleeding ; PS-I/D - 4th 

bleeding. 

'Healthy tea leaves. 

''Naturally blister infected tea leaves of Castleton Tea Estate. 
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Table 35: Indirect ELISA values (A-405nm) of healthy tea leaf antigens of UPASI 
varieties againstE.vexans Polyspecific antiserum (PSI) 

Antigens of host 
and parasite 
(40)ig/ml) Polyspecific(PS-I) antibody off. veA:fl/75'(l : 250 dilution ) 
Tea varieties" PS-I/A PS-I/B PS-I/C PS-I/D 

UP2 

UP3 

UP8 

UP9 

UP17 

UP26 

BSSl 

BSS2 

BSS3 

E. vexans'' 

0.464 ± 0.08 

0.424 ± 0.06 

0.780 ±0.03 

0.610 ±0.04 

0.632 ±0.01 

0.598 ±0.08 

0.310 ±0.08 

0.430 ± 0.03 

0.350 ± 0.06 

1.320 ±0.02 

0.467 ± 0.02 

0.463 ± 0.02 

0.720 ±0.01 

0.622 ± 0.04 

0.687 ±0.04 

0.551 ±0.01 

0.345 ±0.01 

0.445 ± 0.04 

0.340 ± 0.08 

1.670 ±0.05 

0.428 ±0.01 

0.440 ± 0.03 

0.728 ± 0.03 

0.667 ±0.08 

0.640 ± 0.03 

0.560 ±0.03 

0.350 ±0.07 

0.450 ±0.06 

0.345 ±0.01 

1.560 ± 0.04 

0.421 ±0.06 

0.350 ±0.01 

0.725 ±0.01 

0.565 ± 0.02 

0.655 ± 0.04 

0.550 ±0.03 

0.348 ±0.05 

0.460 ±0.06 

0.360 ±0.09 

1.670 ±0.03 

+ Standard error. . 

PSI - Polyspecific antibody prepared from blister infected tea leaves of Castleton Tea 
Estate (Hills). 

PSl/A - 1 St bleeding ; PS-I/B - 2nd Bleeding; PS-I/C - 3rd bleeding ; PS-I/D - 4th 
bleeding. 

•'Healthy lea leaves. 

''Naturally blister infected tea leaves of Castleton Tea Estate. 
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Table 36: Indirect ELISA values ( A-405nm) of healthy tea leaf antigens of 
DarjeeUng varieties against E.vexans Polyspecific antiserum (PSII) 

Antigens of host 
and parasite 
(40|J.g/ml) Po!yspeciric(PS-I) antibody ofE. vexans (1 : 250 dilution ) 
Tea 
varieties' PS-II/A PS-II/B PS-II/C PS-II/D PS-II/E 

CPl 0.543 ±0.06 0.599 ±0.02 0.571 ± 0.04 0.362 ± 0.01 0.433 ± 0.0! 

S449 0.368±0.02 0.461 ± 0.04 0.363 ± 0.06 0.314 ± 0.02 0.313±0.03 

Kl/1 0.532 ±0.05 0.561 ±0.01 0.589 ±0.04 0.447 ±0.02 0.434 ± 0.02 

AV2 0.849 ±0.01 0.868 ± 0,09 0.898 ± 0.06 0.805 ± 0.08 0.712 ±0.02 

T-78 0.611 ±0.02 0.658 ±0.07 0.585 ±0.01 0.571 ±0.01 0.543 ± 0.02 

Teen All- 0.341 ± 0.02 0.338 ± 0.07 0.384 ± 0.03 0.340 ± 0.01 0.324 ± 0,06 

17/1/54 

BS/7A/76 0.567 ±0.07 0.558 ± 0.02 0.566 ±0.01 0.415 ±0.05 0.375 ± 0.04 

P1258 0.435 ±0.02 0.406 ±0.07 0.364 ± 0.06 0,377 ±0,01 0,295 ± 0,05 

HV39 0,408 ±0,03 0,485 ± 0,01 0,481 ± 0,04 0,306 ± 0,01 0,276 ± 0,03 

T135 0,321 ±0,02 0,353 ± 0,03 0.349 ± 0.05 0.345 ± 0.05 0.304 ± 0.03 

B777 0.713 ±0.02 0.741 ±0.04 0.669 ±0.01 0.560 ±0.01 0.539 ± 0.06 

E.vexans' \.SQ9±0m 1.453 ±0.08 1.466 ±0.06 1.034 ±0.02 0.956 ±0.01 

+ Standard error. 

PSII - Polyspecific antibody prepared from blister infected tea leaves of Hansqua Tea 

Estate (Plains). 

PSII/A - 1 st bleeding; PS-II/B - 2nd Bleeding; PS-II/C - 3rd bleeding ;PS-II/D - 4th 

bleeding; PS-II/E - 5th bleeding. 

•'Healthy tea leaves; ''Naturally blister infected tea leaves of Hansqua Tea Estate. 
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Table 37: Indirect ELISA values (A-405nm) of healthy tea leaf antigens of Tocklai 

varieties againstE.vexans Polyspecific antiserum (PSII) 

Antigens of host 
and parasite 
(40|J.g/ml) PoIyspecific(PS-II) antibody of E.vexans (1 : 250 dilution ) 
Tea 
varieties' . PS-II/A PS-II/B PS-II/C PS-II/D PS-II/E 

TV9 

TV20 

TV22 

TV23 

TV18 

TV25 

TV26 

TV27 

TV28 

TV29 

TV30 

0.381 ±0.02 

0.506 ±0.03 

0.492 ±0.02 

0.389 ±0.02 

0.648 ± 0.02 

0.545 ± 0.09 

0.231 ±0.01 

0.706 ±0.02 

0.629 ±0.01 

0.349 ±0.05 

0.445 ± 0.05 

iE;.vexan5''1.309±0.03 

0.410 ±0.02 

0.687 ±0.07 

0.447 ± 0.05 

0.394 ±0.06 

0.639 ±0.04 

0.525 ± 0.05 

0.238 ±0.07 

0.748 ± 0.02. 

0.655 ± 0.02 

0.364 ±0.01 

0.461 ±0.01 

1.461 ±0.08 

0.454 ±0.03 

0.556 ±0.03 

0.464 ±0.01 

0.393 ± 0.02 

0.694 ±0.02 

0.562 ±0.06 

0.238 ±0.05 

0.678 ± 0.07 

0.617 ±0.04 

0.400 ±0.08 

0.477 ±0.03 

1.513 ±0.06 

0.333 ±0.07 

0.358 ±0.06 

0.461 ±0.04 

0.306 ±0.07 

0.593 ± 0.09 

0.358 ±0.02 

0.239 ±0.09 

0.612 ±0.06 

0.607 ±0.03 

0.257 ±0.05 

0.379 ± 0.06 

1.203 ±0.02 

0.342 ±0.03 

0.341 ±0.07 

0.405 ±0.01 

0.279 ±0.02 

0.440 ± 0.02 

0.579 ±0.04 

0.257 ±0.01 

0.724 ± 0.04 

0.484 ±0.06 

0.236 ±0.08 

0.268 ±0.01 

1.003 ±0.01 

+ Standard error. 
PSII - Polyspecific antibody prepared from blister infected tea leaves of Hansqua Tea 
Estate (Plains). 
PSII/A - 1 St bleeding; PS-II/B - 2nd Bleeding; PS-II/C - 3rd bleeding; PS-II/D - 4th 
bleeding; PS-II/E- 5thbleeding. 
'••Healthy tea leaves. 
''Naturally blister infected tea leaves of Hansqua Tea Estate. 
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Table 38: Indirect ELISA values (A-405nm) of healthy tea leaf antigens of UPASI 
varieties against E.vexans Polyspecific antiserum (PSII) 

Antigens of host 
and parasite 
(40ng/nil) Polyspecific(PS-II) antibody of J?, vexans (1: 250 dilution ) 
Tea 
varieties" PS-II/A PS-II/B PS-II/C PS-II/D PS-II/E 

UP2 

UP3 

UPS 

UP9 

UP17 

UP26 

BSSl 

BSS2 

BSS3 

E. vexans'' 

0.522 ±0.04 

0.543 ±0.01 

0.678 ±0.01 

0.695 ±0.01 

0.984 ±0.01 

0.579 ±0.01 

0.343 ±0.05 

0.369 ±0.01 

.0.348 ±0.08 

1.419 ±0.01 

0.528 ±0.02 

0.563 ± 0.04 

0.620 ± 0.06 

0.622 ±0.08 

0.587 ±0.01 

0.580 ±0.02 

0.357 ±0.07 

0.392 ±0.03 

0.329 ± 0.02 

1.463 ±0.08 

0.546 ±0.05 

0.563 ± 0.02 

0.608 ± 0.03 

0.667 ±0.03 

0.840 ±0.03 

0.516 ±0.02 

0.328 ±0.02 

0.360 ±0.06 

0.325 ± 0.06 

1.369 ±0.01 

0.549 ±0.01 

0.461 ±0.01 

0.578 ±0.05 

0.538 ±0.01 

0.824 ±0.02 

0.508 ± 0.03 

0.269 ± 0.02 

0.342 ±0.01 

0.353 ±0.04 

1.201 ±0.02 

0.459 ±0.01 

0.407 ± 0.02 

0.552 ±0.03 

0.509 ± 0.02 

0.626 ± 0.05 

0.420 ± 0.07 

0.277 ± 0.05 

0.309 ±0.04 

0.298 ± 0.02 

1.009 ±0.01 

+ Standard error. 

PSII - Polyspecific antibody prepared from blister infected tea leaves of Hansqua Tea 
Estate (Plains). 

PSII/A - 1 St bleeding; PS-II/B - 2nd Bleeding; PS-II/C - 3rd bleeding; PS-II/D - 4th 

bleeding; PS-II/E - 5th bleeding 

•'Healthy tea leaves. 

''Naturally blister infected tea leaves of Hansqua Tea Estate. 
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Table 39: Indirect ELISA values ( A-405nm) of healthy tea leaf antigens of 
Darjeeling, Tocklai and UPASI varieties againstE.vexans Polyclonal antiserum 
(PC-I/B) 

Antigens of host and parasite Polyclonal (PC-I/B) antibody of 
(40p,g/ml) E. vexans (1:250 dilution) 

Tea varieties" 
Darjeeling 

CPI 0.532 ±0.03^ 

S449 0.387 + 0.02 

Teen-Ali-17/1/54 0.263 ± 0.08 

AV2 0.604 ± 0.04 

Tocklai 
TV 18 0.571 ±0.01 

TV 9 0.357 ±0.04 

TV 22 0.360 ±0.03 

TV 23 0.372 ±0.02 

UPASI 
UP 2 0.312 ±0.05 

UP 3 0.356 ±0.01 

UPS 0.447 ±0.05 

UP 9 0.405 ±0.01 

Pathogen 
E. vexans'' 1.467 ±0.04 

± Standard error. 

PC-I/B = Polyclonal antibody raised against basidiospre ofE. vexans/2nd bleeding. 
•'Healthy tea leaves. 
''Basidiospore antigen ofE. vexans. 

''Mean of three experiments. 

Results reveal, that the absorbance value in ELISA varied with different varieties. 

Among the Darjeeling varieties AV2 and B777 showed maximum absorbance values. A 

slight decline in the A405nm reading has been observed in the varieties, from 1 st bleeding 

to 4th bleeding. However, the absorbance value of AV2 was almost in a constant range 

(0.872 to 0.852) from 1st to 4th bleeding (Table 33). T135 showed least absorbance 

values.Similarly, among the Tocklai varieties TVl 8, TV28 and TV27 showed very high 
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absorbance readings,"where as TV26 showed very low values. (0.210...0.258) (Table34). 

When the UPASI varieties were screened it was found that UPS, UP9 and UP 17 showed 

very high CRA and BSSl, BSS2 and BSS3 showed the least absorbance values 

(Table 35). 

Similar results were obtained when these varieties were tested with PS-II antiserum. 

Among the Darjeeling varieties AV2 and B777 showed liigh cross reactivity with E. vexans. 

The ELISA values increased from 1 st bleeding to 3rd bleeding. A decline in the A 405 

value was noted in 4th and 5th bleeding in all cases (Table 36). Among the Tocklai varieties, 

TV 18, TV27 and TV28 showed high cross reactivity and TV26 the least (Table 38) and 

UPS, UP9 and UPl 7 showed high absorbance values (Table 38) and BSSI the least. 

After screening the CRA reactions of all the 31 varieties against PSI and PSII (all 

the bleedings), twelve varieties were picked up and tested for the detection of CRA against 

polyclonal antibody (PC-I/B) of £ vexans. (Table 39). The absorbance values obtained 

in tliis case were comparatively lower than that of PSI and PSII. Among the four Daijeeling 

varieties AV2 showed highest CRA being (0.604), TV 18 (0.571) and UPS (0.447). Teen 

Ali-17/1/54, TV9 and UP2 showed very low absorbance values. 

4.4.2.3. Reciprocal cross reaction of antisera of tea varieties non pathogen and 

leaf antigens (host and nonhost) fungal antigens (pathogen / non pathogen) 

In previous experiments following DAC-ELISA, serological relationship between 

tea leaves and E. vexans have been detected using antiserum of the pathogen raised 

against blister infected tea leaves CTE, HTE, and basidiospores of Exobasidium vexans. 

Indirect ELISA could also readily detect major cross reactive antigens when reciprocal 

cross reaction with host antisera was performed. In this experiment, antisera raised against 

lea leaf antigens prepared from two varieties TVl 8 and CPI and were cross reacted with 

leaf antigens prepared from 12 Tea varieties (CPI, S449, Teen-Ali-17/1/54, AV2, TVl 8, 

TV9, TV22, TV23, UP2, UP3, UPS and UP9), 4 non-host species (viz. P. indica T. 

patula, L. leucearum and O. sativa), as well as antigens prepared from blister postule 

(CTE), blister postule (HTE) and basidiospores of E. vexans, and non-pathogen 

(Fusarium graminearum). Simultaneously, antiserum raised against F. graminearum 

(non-pathogen) was also tested against the antigens of the above materials. Results have 

been presented in Table-40. In this experiment, A405 values in ELISA reaction involving 



I l l 

antigens and antisera of CPl, TVl 8 and Fusarium graminearum were 1.186, 1.230 

and 1. 112. When anti CPl antiserum was cross reacted with various antigens of host, 

nonhost, pathogen and nonpathogen, AV2, Teen-Ali-I7/l/54 and UP3 gave higher 

absorbance than the other 9 varieties tested. TV 18 antiserum gave higher absorbance in 

TV23, TV22, AV2 and Teen-Ali-17/1/54 when compared with the other 8 varieties tested. 

It is interesting to note that in cross reaction with anti TV 18 antiserum and antigens of 

blister postules (CTE and HTE) and spore gave higher absorbance than CPl. Antiserum 

raised aginst non pathogen (E grammearum) did not react significantly with tea leaf antigens, 

as lower absorbance values were detected in all cases. 

4.5. Detection of E. vexans in naturally infected tea leaf tissues by 

indirect ELISA (PS-I and PS-II) 

ELIS A is one of the recent successful techniques for pathogen detection in the host 

where antiserum raised against the pathogen reacts with antigens of infected material to 

give high absorbance values. Differences in ELISA reading between infected and healthy 

antigens indicated the measure and extent of infection. In the present investigation, initially, 

it has been established that cross reactive antigens are present between tea leaves and E. 

vexans. In the next series of experiments, attempts have been made to detect E. vexans 

in infected leaf tissues of different tea varieties as well as after different hours of inoculation 

using DAC-ELIS A formats. 

For this purpose, naturally blister infected tea leaves were collected fi"om Castleton 

Tea Estate and Hansqua Tea Estate and polyspecific antibodies PS-I/B and PS-II/B (2nd 

bleeding) raised against E. vexans for the respective gardens were used. Healthy leaves 

and blister infected leaves were collected randomly from 10 different sections of each 

garden. Blister incidence in those sections during collection period was also recorded. 

Antigens were prepared for healthy and infected leaf samples and tested using DAC-

ELIS A formats. Results presented in Table 41 and 42 revealed that infected leaf antigens 

had higher absorbance value in comparison to the healthy leaf antigens. 
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Table 40: Indirect ELISA values (A-405nm) of (host, nonhost) pathogen and non 
pathogen antigens reacted with antisera of tea varieties (CPl and TV18) and non 
pathogen (F. graminearum) 

Antigens (40|lg/ml) 
Antisera of host and non pathogen ([1:250 dilution) 
CPl TV 18 F. graminearum 

Host (Tea varieties) 
CPl 

S449 

Teen Mi-17/1/54 

AV2 

TV18 

TV9 

TV 22 

TV 23 

UP 2 

UP 3 

UPS 

UP 9 

Pathogen (£". vexans) 
Blister postule (CTE) 

Blister poslule(HTE) 

Spore 
Non pathogen 
F. graminearum 

1.186 ±0.04 

0.653+0.03 

0.796+0.01 

0.730+0.01 

0.619±0.02 

0.631 ±0.05 

0.695±0.06 

0.670±0.06 

0.635±0.03 

0.749±0.01 

0.655±0.01 

0.629±0.02 

0.433 ±0.06 

0.321±0.01 

0.457±0.02 

0.274+0.01 

0.611 ±0.06 

0.659±,0.04 

0.729±0.03 

0.762±0.03 

1.230±0.05 

0.567±0.05 

0.734±0.04 

0.769±0.03 

0.625 ±0.03 

0.708±0.01 

0.712±0.01 

0.609±0.08 

0.543±0.01 

0.552±0.08 

0.551 ±0.03 

0.210+0.06 

0.289±0.08'' 

0.260±0.01 

0.258±0.01 

0.246±0.02 

0.256±0.03 

0.260±0.03 

0.232±0.04 

0.293 ±0.06 

0.232±0.05 

0.256±0.05 

0.203 ±0.02 

0.283±0.01 

0.338±0.04 

0.363±0.01 

0.307±0.02 

1.112+0.05 

Non host 
Phylanthus indica 

Tagetus patula 

Leucenia leucearum 

Oryza saliva 

0.257±0.01 

0.260±0.03 

0.251±0.01 

0.272+0.02 

0.236±0.05 

0.226±0.04 

0.267± 0.07 

0.230+0.01 

0.243 ±0.04 

0.315±0.08 

0.287±0.05 

0.237+0.04 

± Standard error. 

"Average of 3 experiments 

CTE - Blister infected leaf collected from Castleton Tea Estate. 

HTE - Blister infected leaf collected from Hansqua Tea Estate. 
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Table 41: Indirect ELISA values obtained by the reaction of anti E. vexans 

antiserum (PS-I/B) and naturally blister infected tea leaves from Castleton Tea 

Estate. 

Antigen concentration 
(40M.g/ml) 

Polyspecific (PS-I/B)' 
Antiserum (1:250) 
dilution A405 nm. 

Blister 
blight 
incidence (%) 

Castleton Tea Estate 

Section - 1 

Section - 2 

Section - 3 

Section - 4 

Section - 5 

Section - 6 

Section - 7 

Section - 8 

Section - 9 

Section - 10 

Healthy 

0.328 ±0.03 

0.334 ±0.03 

0.347 ±0.05 

0.247 ±0.01 

0.295 ±0.02 

0.384 ±0.02 

0.405 ±0.02 

0.432 ±0.02 

0.389 ±0.03 

0.250 ±0.06 

Infected'' 

0.804 ±0.02 

1.321 ±0.02 

1.070 ±0.02 

0.667 ±0.01 

^ 1.309 ±0.02 

0.729 ±0.03 

1.063 ±0.08 

].228±0.01 

1.493 ±0.02 

0.971 ±0.02 

42.3 

75.6 

51.6 

31.8 

71.2 

29.9 

53.8 

66.8 

80.5 

55.1 

± Standard error 

''Mean of 3 experiments 

''Samples were collected during August-October 

PS-I/B - Polyspecific antisera raised against blister infected tea leaves from Castleton Tea 
Estate / 2nd bleeding. 
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Table 42: Indirect ELISA values obtained by the reaction of anti E. vexans 
antiserum (PS-II/B) and naturally blister infected tea leaves from Hansqua Tea 
Estate. 

Antigen concentration 
(40ng/ml) 

Polyspecific (PS-II/B)" 
Antiserum (1:250) 
dilution A405nm. 

Blister 
blight 
incidence (%) 

Hansqua Tea Estate 

Section - I 

Section - 2 

Section - 3 

Section - 4 

Section - 5 

Section - 6 

Section - 7 

Section - 8 

Section - 9 

Section - 10 

Healthy 

0.436 + 0.08 

0.546 + 0.04 

0.352 + 0.02 

0.368 + 0.02 

0.357 + 0.04 

0.435 + 0.02 

0.381 +0.02 

0.435 + 0,02 

0.462 + 0.07 

0.516 + 0.02 

Infected'' 

0.846 + 0.01 

1.237 + 0.03 

1.085 + 0.02 

0.621 +0.02 

1.986 ±0.01 

1.038 + 0.05 

1.379 + 0.04 

0.850 + 0.01 

1.523 + 0.01 

1,081 +0.05 

46.6 

60.3 

59.8 

30.4 

46.6 

72.5 

75.8 

22.1 

68,8 

70.3 

+ Standard error 

•'Mean of 3 experiments ; 

''Samples were collected during December - February 

PS-II/B - Polyspecific antisera raised against blister infected tea leaves from Hansqua Tea 
Estate / 2nd bleeding. 
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4.6. Detection oi E. vexans in artificially inoculated tea leaf tissues 

by indirect ELISA (PS-I, PS-II and PC-I) 

Twelve tea varieties, 4 each from Darjeeling (CP1, S449, HV39 and AV2), Tocklai 

(TV 18. TV28, TV22 and TV29) and UPASI (UP2, UP8, UP26 and BSS2) were selected 

for this experiment. Young leaves (1 st and 2nd) of five seedlings each of 12 variefies were 

artificially inoculated with E. vexans as mentioned in Materials and Methods (3.3.3), and 

incubated at 25°C for 12 days. During this period, infection was optimum showing curiing 

and external swelling of the whole leaves of some of the varieties (TV 18, TV29, UP8, 

TV22 and TV28) as shown in plates 11 and 12. After twelve days of incubation, antigens 

were prepared from healthy and artifically inoculated leaves of 12 varieties and tested 

against polyspecific (PS-I/B & PS-II/B) and polyclonal (PC-I/B) antibodies separately 

using DAC-ELISA formats. In this case, 40)ig/ml antigen concentration and 1:250 dilufion 

of antiserum were used. Results have been presented in Tables 43 to 45. Response of 

healthy and artificially inoculated Darjeeling, Tocklai and UPASI veirieties tested against 

polyspecific (PS-I/B and PS-II/B) and polyclonal (PC-l/B) antibodies ofE. vexans have 

been siunmarized in Figs. 14,15 and 16 respectively. It is interesting to note that in ELISA 

reaction, A405 values of artificially inoculated leaves of CPI, HV39 and AV2 were always 

higher than the respecfive healthy control against all three antibodies ofE. vexans tested 

(Fig-14). Similarly, all four Tocklai variefies inoculated with £. vexans showed higher 

absorbance values (A405) than the respective healthy control (Fig-15). However, among 

the four UPASI varieties tested inoculated leaves of UPS and UP26 showed higher 

absorbance in ELISA reaction (Fig-16). 

Symptom appearence after 12 days of inoculation with E. vexans in TV 18, TV22, 

TV28, TV29. UPASI-18. UPASI-26, AV2, HV39 and CPI and their ELISA response 

against pathogen antibodies clearly demonstrate the entry and establishment of the pathogen 

in leaf fissues. 
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Plate 11 (Figs. A-D): Tea varieties (A&B) TV-22, (C&D) TV-28 artificially 
inoculated with E.vexans showing symptoms after 12 days of inoculation. 
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Plate 12 (Figs. A-C): Tea varieties artificially inoculated with E.vexans 
showing symptoms after 12 days of inoculation. 

(A) TV-18; (B) TV-29; (C) UPASI-8 
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Table 43: Indirect ELISA values (A-405nm) showing reaction of polyspecific (PS-
I/B) antiserum of£'. vexans with healthy and artificially inoculated tea leaf antigens. 

Antigen concentration 
(40^g/ml) 

Tea varieties 

Absorbance at A405nm" 

Polyspecific antibody (PS-I/B) of 
E. vexans (1:250 dilution) 

Healthy Inoculated'' 

Darjeeling 

CPl 

S449 

HV39 

AV2 

0.548 ±0.07 

0.342 + 0.03 

0.555 ±0.01 

0.821 +0.01 

0.833 ±0.02 

0.385 ±0.02 

0.848 ±0.04 

1.918 + 0.03 

TockJai 

TV18 

TV28 

TV22 

TV29 

0.652 ±0.02 

0.633 ±0.03 

0.455 ±0.03 

0.328 + 0.02 

1.847 ±0.05 

0.847 ±0.01 

0.816±0.01 

0.575 + 0.02 

UPASI 

UP2 

UP8 

UP26 

BSS2 

0.464 ±0.01 

0.753 ±0.02 

0.531 ±0.01 

0.463 + 0.02 

0.541 ±0.04 

1.357 ±0.04 

1.058 ±0.04 

0.468 + 0.05 

± Standard error 

PS-I/B - Polyspecific antibody prepared from blister infected tea leaves of Castleton Tea 
Estate/ 2nd bleeding. 

•'Average of 3 readings 

''12 days after inoculation 
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Table 44: Indirect ELISA values ( A-405nm) showing reaction of polyspecific 
(PS-II/B) antiserum of £". vexans with healthy and artificially inoculated tea leaf 
antigens 

Antigen concentration 
(40Hg/ml) 

Tea varieties 

Absorbance at A405nm^ 

Polyspecific antibody (PS-II/B) of 
E. vexans (1:250 dilution) 

Healthy Inoculated'' 

Oarjeeling 

CPl 

S449 

HV39 

AV2 

0.551 ±0.03 

0.280 ±0.04 

0.456 ±0.02 

0.858 + 0.02 

0.789 ±0.02 

0.316±0.05 

0.691 ±0.04 

1.863 + 0.02 

Tocklai 
TV 18 

TV28 

TV22 

TV29 

0.669 ±0.03 

0.634 ±0.03 

0.475 ±0.04 

0.387 + 0.05 

1.816±0,05 

0.785 ±0.05 

0.801 ±0.06 

0.502+0.03 

UPASI 

UP2 

^ UP8 

UP26 

BSS2 

0.543 ±0.04 

0.671 ±0.03 

0.554 ±0.03 

0.369 + 0.01 

0.586 ±0.04 

1.281 ±0.05 

1.101 ±0.05 

0.446 + 0.04 

± Standard error 

PS-II/B - Polyspecific antibody prepared from blister infected tea leaves of Hansqua 

Tea Estate/ 2nd bleeding. 

•'Average of 3 readings 

'' 12 days after inoculation. 
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Table 45: Indirect ELISA values ( A-405nm) showing reaction of polyclonal 
(PC-I/B) antiserum of £". vexans with healthy and artificially inoculated tea leaf 
antigens. 

Antigen concentration 
(40M,g/ml) 

Tea varieties 

Absorbance at A405nm'' 

Polyclonal antibody (PC-I/B) of 
E. vexans (1:250 dilution) 

Healthy Inoculated** 

Darjeeling 

CPl 

S449 

HV39 

AV2 

0.503 ±0.03 

0.378 ±0.02 

0.356 ±0.08 

0.588 + 0.05 

0.648 ±0.03 

0.387 ±0.01 

0.556 ±0.05 

1.346 + 0.02 

Tocklai 
TV18 

TV28 

TV22 

TV29 

0.572 ±0.06 

0.557 ±0.04 

0.452 ±0.01 

0.302 + 0.02 

1.220 ±0.06 

1.110±0.02 

0.811 ±0.08 

0.406+ 0.09 

IJPASI 
UP2 

IJP8 

UP26 

BSS2 

0.412 ±0.03 

0.448 ± 0.04 

0.447± 0.05 

0.366 + 0.06 

0.426 ±0.05 

1.210±0.02 

0.811 ±0.01 

0.406 + 0.09 

± Standard error 

PS-II/B - Polyspecific antibody prepared from blister infected tea leaves of Hansqua 
Tea Estate/ 2nd bleeding. 

•'Average of 3 readings 

'' 12 days after inoculation. 
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4.7. Detection ofE. vexans in artificially inoculated tea leaf tissues 

at different times after inoculation, by indirect ELISA (PS-I, 

PS-Il and PC-1) 

Before the appearence of the symptom, whether DAC-ELISA formats can be 

used for pathogen detection, following experiments were designed. In this experiment, 

three highly susceptible tea varieties, one each fi-om Darjeeling (AV2), Tocklai (TVl 8) 

and UPASI (UPS) were selected. Sixty seedlings, each of three varieties were artificially 

inoculated as mentioned earlier, incubated at 25°C and at an interval of 24h upto 12 days, 

healthy and inoculated leaf samples were collected, antigens were prepared and finally 

tested against all three antibodies [Polyspecific- (PS-I/B and PS-II/B); Polyclonal (PC-I/ 

B)]. Results has been presented in Table 46 to 48. 

Wlien these three varieties were compared against all three antibodies, differences 

between healthy and infected samples were noticed after 48 h of inoculation for UPS and 

TV 18 while 96h of inoculation for AV2 using polyspecific antibodies (PS-I/B and PS-II/ 

B) as evidenced in Figs. 17,18 and 19. However, using polyclonal antibody (PC-I/B) 

pathogen detection was possible within 24h for UPS, 48h for TVl 8 and 72h for AV2 

(Fig.-19). Symptoms were not visible at this period. 

4.8. Immunofluorescence 

Fluorescent antibody labelling with fluorescein isothiocyanate (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 CRA shared by 

C. sinensis and E. vexans was detected by immunodiffusion and DAC-ELISA. It was 

then decided to determine the tissue and cellular location of CRA in fragile callus, leaf 

tissues (liealthy aiid infected) and basidiospores.of £ vexans. Detailed methods of antibody 

staining of leaf sections and basidiospores of the pathogen have already been discussed 

under Material and Methods. Leaf sections and spore preparations were photographed 

under UV-fluorescence. 
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Table 46: Indirect ELISA reaction of anti-E. vexans antisera (PS-I/B,PS-II/B i& 

PC-I/B) with healthy and artificially inoculated tea leaf (AV2) antigen at different 

periods. 

Time after Anti-£. vexans antiserum (1:250 dilution) 
inoculation 
(in clays) PS-I/B PS-II/B PC-I/B 

H I H I H I 

I d 0.839 + 0.03 0.878 + 0.08 0.839 + 0.03 0.885 + 0.01 0.664 + 0.05 0.680 + 0.06 

2d 0.838+0.03 0.885+0.02 0.838+0.03 0.940+0.04 0.642 ±0.03 0.688+0.04 

3d 0.852+0.04 0.949+0.08 0.853+0.05 0.968+0.07 0.661+0.02 0.760+0.02 

4d 0.822+0.028 0.987+0.03 0.822+0.08 1.243+0.05 0.641+0.08 0.866+0.02 

5d 0.820±0.02 1.008+0.02 0.820+0.02 1.280+0.03 0.651+0.02 0.981+0.05 

6d 0.830+0.04 1.198+0.06 0.830+0.04 1.403+0.08 0.615+0.01 1.021+0.08 

7d 0.850+0.01 1.201+0.02 0.850+0.01 1.441+0.03 0.658+0.02 1.115±0.03 

8d 0.838+0.06 1.253+0.08 0.838+0.06 1.630+0.01 0.655+0.03 1.124+0.03 

9d 0.841+0.05 1.256+0.04 0.841+0.05 1.638+0.03 0.612+0.04 1.131+0.01 

10 d 0.855+0.08 1.356+0.03 0,855+0.08 1.909+0.01 0.680+0.03 1.220+0.01 

l id 0.885+0.08 1.919+0.04 0.885+0.08 1.918+0.01 0.691+0.01 1.210+0.06 

12 d 0.831+0.04 1.980+0.06 0.831+0.04 1.980+0.01 0.648+0.05 1.320+0.02 

+ Standard error 

PS-l/B - Polyspeciflc antibody raised from blister infected leaves of Castleton Tea Estate/2nd bleeding. 

PS-11/B - Polyspeciflc antibody raised from blister infected leaves of Hansqua Tea Estate/2nd bleeding. 

i*C-l/B- Polyclonal antibody raised from basidiospores of blister infected leaves of Castleton Tea 

Estate /2nd bleedine. 
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Table 47: Indirect ELISA reaction of anti-J?. vexans antisera (PS-I/B,PS-II/B & 

PC-I/B) with healthy and artificially inoculated tea leaf (TV18) antigen at different 

periods. 

Time after Anti-f. vexans antiserum (1:250 dilution) 
inoculation 
(in days) PS-I/B PS-II/B PC-I/B 

H I H I H I 

Id 

.2d 

3d 

4d 

5d 

6d 

7d 

8d 

9d 

lOd 

Ud 

12d 

0.648 ±0.03 

0.666 ±0.03 

0.683 ±0.05 

0.665 ±0.04 

0.655 ±0.02 

0.652 ±0.02 

0.668 ±0.01 

0.651 ±0.08 

0.647 ±0.01 

0.665 ±0.08 

0.671 ±0.03 

0.673 ±0.01 

0.677 ±0.02 

0.834±0.02 

0.853 ±0.01 

0.939 ±0.05 

1.165±0.02 

1.195±0.03 

1.226 ±0.04 

1.398 ±0.06 

1.452 ±0.08 

1.629 ±0.01 

1.918±0.05 

1.965 ±0.02 

0.668 ±0.03 

0.686 ±0.01 

0.681 ±0.02 

0.683 ±0.03 

0.679 ±0.04 

0.684 ±0.01 

0.674 ±0.04 

0.681 ±0.02 

0.695 ±0.01 

0.690 ±0.02 

0.691 ±0.03 

0.698 ±0.03 

0.730 ±0.03 

0.866 ±0.04 

0.859±0.06 

0.924 ±0.04 

1.032 ±0.03 

l.I01±0.06 

1.116±0.06 

1.326 ±0.04 

1.465 ±0.02 

1.500 ±0.04 

1.788 ±0.04 

2.009 ±0.02 

0.564 ±0.08 

0.562 ±0.04 

0.591 ±0.03 

0.582 ±0.02 

0.579 ±0.03 

0.558 ±0.04 

0.566 ±0.08 

0.565 ±0.05 

0.588 ±0.04 

0.582 ±0.02 

0.589 ±0.03. 

0.572 ±0.06 

0.565 ±0.03 

0.773 ±0.02 

0.789 ±0.08 

0.887 ±0.02 

0.901 ±0.04 

0.925 + 0.02 

0.998±0.01 

1.002±0.04 

1.058 ±0.06 

1.115±0.02 

1.281+0.04 

1.311 ±0.05 

±Standard error 

PS-I/B - Polyspecific antibody raised from blister infected leaves of Castleton Tea Estate/2nd bleeding. 

PS-11/B - Polyspecific antibody raised from blister infected leaves of Hansqua Tea Estate/2nd bleeding. 

PC-l/B- Polyclonal antibody raised from basidiospores of blister infected leaves of Castleton Tea 

Estate /2nd bleeding. 
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Table 48: Indirect ELISA reaction of anti-£^. vexans antisera (PS-I/B,PS-II/B & 

PC-I/B) with healthy and artificially inoculated tea leaf (UPS) antigen at different 

periods 

Time after Ant i f . wextf/w antiserum (1:250 dilution) 
inoculation 
(in days) PS-I/B PS-II/B PC-I/B 

H I H I H I 

Id 0.780+0.04 0.805+0.04 0.680+0.01 0.681+0.03 0.441+0.01 0.667+0.02 

2d 0.739+0.08 0.883+0.03 0.639+0.08 0.736+0.05 0.425+0.08 0.839+0.04 

3d 0.721+0.01 0.976+0.03 0.641+0.01 0.830+0.02 0.456+0.01 0.851^0.01 

4 d 0.756+0.01 1.105+0.02 0.656+0.02 0.918:^0.05 0.411:^0.02 0.989+0,06 

5d 0.;791 +0.02 1.112+0.03 0.671+0.02 1.108+0.03 0.438+0.02 0.985+0.03 

6d 0.710+0.08 1.211+0.01 0.650+0.08 1.121+0.09 0.4662+0.02 1.013+0.04 

7d 0.720+0.03 1.202+0.01 0.622+0.03 1,201+0.01 0.435+0.01 1.021^0.04 

8d 0.780+0.04 1.314+0.03 0.680+0.04 1.212+0.03 0.412+0.01 1.118+0.01 

9d 0.725+0.04 1.320+0.03 0.625+0.04 1.321+0.04 0.455+0.04 1.120+0.03 

lOd 0.731+0.03 1.341+0.02 0.631+0.03 1.351+0.01 0.423+0.04 1.122+0.04 

l i d 0.725+0.03 1.336+0.02 0.625+0.03 1.356+0.02 0.481+0.04 1.211+0.02 

I2d 0.781+0.01 1.351+0.03 0.681+0.08 1.366+0.03 0.448+0.04 1.210+0.01 

^Standard error 

PS-I/B - Polyspecific antibody raised from blister infected leaves of Castleton Tea Estate/2nd bleeding. 

PS-II/B- Polyspecific antibody raised from blister infected leaves of Hansqua Tea Estate/2nd bleeding. 

PC-I/B- Polyclonal antibody raised from basidiospores of blister infected leaves of Castleton Tea 

Estate /2nd bleeding. 
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4.8.1. Healthy leaf 

Two highly susceptible varieties (TVl 8 and AV2) were considered for FITC staining. 

Cross sections of tea leaves (TV 18 and AV2) were treated separately with polyclonal 

antisera of £ vexans (PC-I/B) and then FITC. Section showed bright fluorescence, mainly 

in the epidermal cells and mesophyll tissues. (Plate 13 Figs A to C). 

4.8.2. Fragile Callus 

Fragile callus or loosened cells (Plate-14) were prepared from stem segments of 

susceptible variety (TVl 8). Loosened cells were treated with polyclonal antibody of 

Exohasidium vexans and finally reacted with FITC. It is interesting to note that when 

these cells were treated with anti-£ vexans antiserum and then reacted with FITC, bright 

fluorescence was notice (Plate 14, Fig. A-C) 

4.8.3. Blister infected leaves 

Naturally blister infected tea leaves collected from CTE were considered for this 

experiment. Cross section of the leaves through the infected zone was stained and observed 

under bright field (Plate 15, Fig. A). Sections were then treated with polyclonal antibody 

off. vexans and proceeded for FITC staining, following the same method as described 

earlier. Bright fluorescence was observed in the palisade and spongy parenchymatous 

areas, where maximum infection occurred (Plate 15, Fig. B ; Plate 16, Fig. A & B). 

4.8.4. Basidiospores of E. vexans 

Basidiospores collected from blister infected tea leaves of CTE were used for the 

observation of cross reactive antigens. These spores were treated with homologous 

polyclonal antibody raised against E. vexans and then labelled witli FITC. Briglit fluorescence 

was observed (Plate 17). 

In previous experiments, it was noticed that basidiospores germinated better in pH 

7.2, Hence, the basidiospores were initially treated in Sodium Phosphate buffer (pH 7.2) 

for 4 hours and then treated with polyclonal antibody ofE. vexans followed by labelling 

with FITC. Spore behaviour as noticed under bright field and fluorescence were observed 

under microscope and the results are shovm in Plate 18 (Figs A and B). 
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Plate 13 (Figs. A-C): FITC antibody staining of healthy tea leaf tissues 
(A«&B ) TV-18, ( C) AV-2, treated with polyclonal antibody of 

E.vexam showing cellular location of cross reactive antigens 
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Fragile callus prepared from stem segments of TV-18 

B 
Loosened cells prepared from fragile callus of TV-18 

Loosened cells treated with Pab of E.vexans and FITC 

Plate 14 
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Plate 15 (Figs. A4&B): T.S. of Blister infected tea leaves 
(A) Under bright field (B) Treated with polyclonal antibody 
of E.vexans labelled with FITC antibodies of goat specific 
for rabbit globulin 
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Plate 16 (Figs. A&B): Immunofluorescence study of Blister infected tea leaf 
tissues treated with polyclonal antibody of E.vexans labelled with FITC 
antibodies of goat specific for rabbit globulin 
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Plate 17 : Basidiospores of E.vexans treated with 
homologous polyclonal antiserum and FITC 
antibodies of goat specific for rabbit globulin 
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Plate 18 (Figs. A&B): Basidiospores of E.vexans pretreated in 
phosphate buffer (pH 7.2) (A) Under bright field (B) Treated 
with homologous polyclonal antiserum and FITC antibodies 

of goat specific for rabbit globulin 
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4.9. Dot immunoblotting 

Detection of fungal pathogens is a more recent application of dot immunoblotting. In 

this experiment, healthy and artificially blister infected leaf antigen, antigens from 

basidiospores as well as antigens from naturally blister infected leaves were loaded (5fil/ 

well) on nitrocellulose paper and treated with polyspecific (PS-I/B) antibody and polyclonal 

(PC-I/B) antibody of Exobasidium vexans followed by staining with BCIP and NBT. 

Results have been presented in plate 20 (Fig. C&D). Protein responses in different varieties 

have been depicted by'the intensity of dots on the nitrocellulose paper. Antigen dots of 

blister infected tea leaves (CTE) and basidiospores (Plate 20, Fig. D-1 & 2 and Fig. C-

1 &2) respectively showed deep colouration confirming the presence of the pathogen. 

Similar results have been depicted when hybridized by PC-I/B of £ vexans. (Fig. C-

I &2). Healtliy and artificially inoculated tea varieties (UP3, TV22, TV 18 and AV2) results 

are shown in [Plate 20, Fig. C&D (3,4,5,6)] respectively, when treated with polyspecific 

and polyclonal antibodies, similar results were obtained. The dots of artificially inoculated 

TV22, TV 18 and AV2 were higher intensity then their respective healthy dots conforming 

the presence of infection. However, UP3 healthy as well as inoculated leaf antigens did not 

respond to the E. vexans antibody. The result clearly shows the high susceptibility of these 

varieties (TV 18, AV2 and TV22) to blister blight disease which confirms the pathogenecity 

test of £. vexans also. 

4.10. Western blotting 

Apart from ELISA, western blotting has proved to be a very sensitive method for 

the detection of infection in the host tissues. Details of the method has been already discussed 

in Material and Methods. To determine the sensitivity of this assay, SDS electrophoresis 

gel containing 5|lg of purified protein antigens of healthy and blister infected tea leaves 

were run accross slab gel and transferred on nitrocellulose paper. After treating the 

nitrocellulose with the target polyspecific antibody (PS-l/B). it was stained with BCIP and 

NBT. Bands were visible within 15 minutes of the treatment with substrate. The results are 

presented in plate 19 (Fig. A and B). SDS PAGE of healthy and infected tea leaves 

stained with coomassic blue is presented in (Plate 19 Fig. A). Many Bands were visible 

between the Molecular weights of 14.3 to 97.4 daltons (Plate 19 Fig. A). Immunoblotting 

on the Nitrocellulose paper when probed with polyspecific antibody (Plate 19 Fig.B) 

showed selected bands with intense staining. It is interesting to note that the lane with 
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97.4 

1 2 3 
Plate 19 (Figs. A&B): SDS-PAOE (A) and Western blot (B) of 

soluble proteins of healthy and blister infected tea leaf 
(A) stained with commassie blue, 
Lanes 1&3 - Healthy leaf; Lanes 2&4 - Blister infected 
(B) probed with polyspecific antisera of E.vexans 
Lanes 2&3 - Healthy leaf; Lane 1- Blister infected 
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blister infected leaf antigen showed deeper bands with more intensity when compared to 

the healthy leaf antigens. 

This clearly shows the presence of infection in the leaf tissues. 7'his result confirms 

the ELISA reactions performed by healthy and blister infected leaf antigens. Similar results 

were observed \^hen the nitrocellulose paper with the transferred gel was probed with 

polyclonal antibody (PC-I/B) (Plate 20 Fig. A). Lanes 1 and 3 consists of infected tea leaf 

antigens where as lane 2 contains healthy antigen, hi this case there was no colour reaction 

in lane no.2 showing more specificity with the pathogen. Epitopes were observed having 

molecular wts of 38.24,32.54 and 23.42 KDA. 

4.11. Disease management 

In the earlier chapters, the response of different tea varieties towards E. vaxans and 

their detection by various methods were discussed. It is therefore important to discuss 

about the control of the disease. Foliar application of Hexaconazole (systemic fimgicide) 

as recommended by UPASI, has proved to be effective control, but has toxic side effects.The 

present few experiments have been designed to test the effect of Hexaconazole as well as 

few eco-friendly biocides for the management of bhster blight. 

4.11.1. Systemic fungicide 

Hexaconazole, a product of "Rallis India Ltd." has been proved to be very effective, 

systemic fungicide for the control of the disease. The recommended proportion (1:1000 

dilution) was used for the spray schedules. It has already been estabUshed by pathogenecity 

tests that TV 18 is highly susceptible to blister blight disease specially in the plains. Hence, 

it was decided to treat TV 18 seedlings in pilot scale wdth Hexaconazole, in the experimental 

station, N.B.U. The foliar sprays were done once in 15 days for one month. The leaves 

(1 St and 2nd) were artificially inoculated with basidiospores of E vexans and incubated at 

25''C and 80% humid conditions. Antigens were prepared from inoculated and their 

corresponding healthy leaves at 3 different intervals (4 days, 8 days and 12 days) after 

inoculation. Untreated healthy and untreated infected were considered as two controls. 

SDS-PAGE analysis with coomasie blue stain of these protein samples are shown in plate 

21 (Fig. A-C). Many proteins of molecular weights between 14.3 to 97.4 KDA were 

visible. It is interesting to note that in the samples from all the 3 harvests, the concentration 

of protein as well as the number of bands have increased in blister infected (untreated 
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Plate 20 : Western Blot ( A&B) and Dot Blot ( C&D ) of antigens from 
healthy and blister infected tea leaves probed with polyspecific (A&C) and 
polyclonal antisera of E.vexans - Basidiospores (B&D). A: Lane-1&3-
Blister infected and 2-Healthy leaf antigens; B: 1- Healthy; 2 - Antigens 
from young blisters and 3- Antigens from mature blisters; C & D : Tea leaf 
antigens ;Naturally blister infected (1) ; Basidiospores- of E.vexans (2); 
Healthy leaves of UP3 (3), TV-22 (5), TV-18(7), AV-2 (9) & Castleton(l 1); 
Artificially inoculated leaves of UP3 (4), TV-22(6), TV-18 (8), AV-2 (10) 
and 100% SAS of naturally blister infected leaves (12). 
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Plate 21(Figs. A-C): SDS-PAGE analysis of soluble proteins of 
untreated healthy (UH),blister infected (BI),treated (with 
hexaconazole ) healthy (TH) and treated inoculated (TI) -
4 days (A); 8 days (B) and 12 days (C) after inoculation 

Molecular marker - M 
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inoculated) plants. After discussing the in vitro analysis it is necessary to study the effect of 

systemic fungicide in field conditions (Tea garden) and also comparison with botanical 

pesticides. For this, an experimental section was marked in Castleton Tea Estate (CTE). 

Darjeeling. 

4.11.2. Biocide 

In the present study, few selective botanical pesticides were screened out of which 

A-cidirccIci indica (Neem) and Calharanlhus rosciis were selected for furtlier field 

applications. Foliar applications of plant extracts (20g/litr) and Hexaconazole (1:1000 

dilution) were given twice a month for two months. 

Tlie percentage of blister blight incidence was calculated by counting infected shoots 

out of 100 shoots. Results of two harvests are shown in Table 49. It is remarkable to note 

that the occurrence of the disease is markedly reduced in all the three cases, Hexaconazole 

being the highest (19%), Cantharanthus spray (41.3%) and Neem spray (50.3%) after 

the second harvest. 

Table 49 : Blister blight incidence after the foliar treatments with systemic fungicide 

and biocide, in field condition 

Treatment 

1st harvest'' 
Untreated 
Cutharanthus 
Neem 
Hexaconazole 

2nd harvest'' 
Untreated 
Catharanthus 
Neem 
Hexaconazole 

No. of infected 

Rl 

90 
50 
57 
19 

86 
47 
52 
17 

shoots (Out 

R2 

85 
45 
57 
23 

89 
45 
48 
15 

of 100 

R3 

90 
42 
45 
25 

91 
42 
51 
25 

shoots) 

Mean 

88.3 + 1.66 
45.6 + 2.33 
53.0 + 2.49 
22.3 + 2.49 

92.3+2.95 
41.3 + 3.48 
50.3 + 4.92 
19.0 + 3.05 

+ Standard error. 
•'Harvest was done after 4 sprays ; ''Harvest was done after 8 sprays 
"I" tests for paired samples were statistically analysed. 2 tail sig. at 0.017 was found in 

case of N.eem; 0.001 in case oi Cantharanthus and 0.000 in case of Hexaconazole. 
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4.12. DAC-ELISA response of tea leaves after treatment with 

systemic fungicide and biocides 

DAC-ELISA format was developed using polyclonal antibody (PC-I/B) raised 

against E. vexans basidiospores in order to screen the infection. Healthy, untreated mfected 

and treated tea leaf antigens were prepared and tested on DAC-ELISA format. The results 

and means of three experimental sets are shown in Table 50. 

It is very interesting to note that untreated and blister infected leaves show very high 

absorbance (A 405) values when compared to the treated leaf antigens. Treatment with 

systemic fungicides gave the lowest O.D. value (0.512) followed by Catharanthus roseus 

and Azadirecia indica. This result has definitely opened new horizons for testing various 

other eco friendly biocides for the management of the disease. 

Table 50 : Indirect ELISA detection of treated (systemic fungicide and biocide) 
and untreated tea leaves of Castleton Tea Estate, against E. vexans Polyclonal 

antiserum (PC-I/B) 

Antigen cone. (40(J.g/ml) £•. vexans (PC-I/B) Antiserum (1:250 dilution) 
OD at A405nm'' 

Treatment" 

Untreated 
UH 
UI 

Treated 

Exp. I 

0.644 + .016 
0.837+ .008 

(Hexaconazole) 
TH 
TI 

Neem extract 
TH 
TJ 

Catharanthiu 
extract 

TH 
Tl 

0.668+ .011 
0.670+ .066 

0.655+ .065 
0.657+ .022 

0.629+ .041 
0.802+ .032 

1st harvest 

Exp. 2 

0.728+ .031 
0.817 + .019 

0.630+ .055 
0.692+ .019 

0.617+ .001 
0.731+.081 

0.550+ .032 
0.708 ±.046 

Exp. 3 

0.711+.044 
0.769+ .061 

0.623+ .038 
0.658+ .032 

0.572+ .022 
0.569+ .056 

0.627+ .056 
0.638 ±.055 

Exp. 1 

0.605+ .066 
0.761+.006 

0.574+ .089 
0.578+ .051 

0.670+ .0.54 
0.668+ .099 

0.654+ .021 
0.738 ±.032 

Znd harvest 

Exp. 2 

0.697+ .051 
0.869+ .061 

0.512+ .009 
0.555+ .065 

0.701+.036 
0.762+ .098 

0.647+ .066 
0.762 ±.046 

Exp. 3 

0.659+ .044 
0.790+ .033 

0.661+.055 
0.657+ .011 

0.6I8 + .014 
0.616 + .012 

0.652+ .041 
0.662 ±.055 

± Standard error; 

"Treatment was done with (systemic fungicide) at a dilution of 1:1000, to 50 bushes. Similiarly 50 
bushes each was treated separately with 25% Neem extract and 25% Catharanthus extract; 

''Each experiment is mean of 3 replicates and 3 experiments were performed for each treatment per 
harvest ; UH -Untreated healthy ; UI - Untreated infected ; TH - Treated healthy ; TI - Treated 
infecled. • 
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Tea is the most popular and cheapest beverage produced from the young shoots, 

comprising two or three leaves and a bud of commercially cultivated tea plant. Among the 

various diseases of tea, blister blight is the major foliar disease which is responsible for 

huge economic losses, the tea produced from infected shoots is of poor quality (Chandra 

Mouli, 1983). In the present investigations two sites at different geographical locations viz. 

Castelton Tea Estate (1505m asl) Kurseong, Darjeeling hills and Hansqua Tea Estate 

(106m asl), Siliguri plains were selected for the occurrence of blister blight disease and to 

develop immunodiagnostic kits for early detection of this disease for proper management. 

Weather conditions have profound influence on the development of the pathogen 

and disease incidence. The incidence of blister blight starts from the month of June, and is 

highest during August - September and then gradually decreases by December, in Castleton 

Tea Estate. Where as the incidence chart of Hansqua Tea Estate clearly shows blister 

blight occurrence from November - March, the maximum during January. 

Debnath et. al. (1994) recorded blister blight disease on 17 tea cultivars in Darjeeling, 

West Bengal. India. The correlation between disease severity and morphological and 

anatomical characters was examined by them. Sugha ct. al. (1994), undertook the survey 

of blister blight of tea in Himachal Pradesh and found out that properly managed tea 

plantations had higher levels of disease than poorly managed plantations. It was also 

observed that recently pruned bushes and those in the shade had higher levels of disease. 

Similarly, Wang Wuingshen Wang Q.S. (1994) studied the occurrence of blister blight in 

Cliina. The disease was more prevalent in areas with an elevation of >700m. Investigation 

on the epidemiology of blister blight clearly pointed out the importance of weather 

parameters in starting an epidemic, since sufficient number of spores occurred in the 

atmosphere all through the year (Kerr and Shanmughanathan, 1966). 

The habitat of pathogen which invades the aerial parts of the plants is immediately 

and profoundly influenced by weather. These pathogens usually reproduce abundantly and 

with the onset of favourable conditions spread rapidly from a minimum amount of initial 

inoculum (Rotem, 1978). The ability of a pathogen to survive during periods of adverse 

conditions enables it to carry over from one season to another Atmospheric parameters 

intluencing disease development are usually temperature, relative humidity, rainfall, plant 

density etc. It is possible to forecast the intensity of a disease by correlating the factors. 
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which are essential for the establishment of the pathogen in the host and its dissemination, 

with the meterological records for a given period, hi Castleton Tea Estate, Daijeeling Hills, 

the disease incidence showed positive correlation with rainfall and relative humidity, leaf 

wetness is the most important factor for the germination of spores. 

Rolando et. al. (1989) reported that the level of infection of Eucalyptus by Puccinia 

psidii varied with temperature, leaf wetness period and photo period. Higher disease 

intensity was observed at 20-25''C after 24hours of wetness of leaf surface and disease 

was inversely correlated with leaf exposure during incubation period. Detailed analysis of 

the effect of rainfall variable on the epidemiology ofPhytophthora blight of pepper was 

carried out by Bowers et. al. (1990). They obtained largest absolute direct effect by the 

culmulative amount of rainfall while the culmulative number of days with rainfall, the 

culmulative daily average temperature and chronological time had far lesser effect. 

Continuous leaf wetness of 1 Ih is optimum for infection and maximum infection takes 

place in 8h leaf wetness. A thin film of water is more favourable for germination and hence 

when dew is formed in the evening, the spores germinate to bring about infection. Therefore, 

the epidemic of the disease is very common in areas lying above 700m from SL and in 

humid, foggy regions (Baby and Premkumar, 2000). On the contrary, the incidence of 

blister blight in Hansqua Tea Estate clearly shows that foggy conditions and high relative 

humidity has got a great contribution for the occurrences of the disease, because the 

correlation chart shows negative correlation with maximum temperature, minimum 

temperature and rain. 

Flush shoots with well-developed sporulating lesions were collected from the 

experimental plots for the collection of spores in the laboratory. The size of the spores was 

measured using ocular and stage micrometer. Fungal plant pathogens invade host plant 

cells with avariety of specialized infection structures of which, appressorium is the most 

important infection structure (Hoch and Staples 1987). 

Formation of appressoria being the first step in establishing the disease, the factors 

affecting this process are of vital importance in deciding the fate of the pathogen in initial 

stages (Purkayastha and Menon, 1981). In the present study, it has been observed that the 

basidiospores of E vexans germinate readily in pH range of 5 to 8.8 and temperature 

25"C. Maximum percentage of germination as well as appressoria production takes place 

inpH5.5andpH7.0. 
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Advances made in tlie formulation of concepts and techniques of modem, quantitative 

cell biology in recent years have paved the way for a basic understanding of the physiology 

and biochemistry of plant host pathogen interactions. Differences in physiological responses 

and morphological structures of various host genotypes affect their susceptibility or resistance 

to invasion and its consequences while similar variation in pathogens influence their growth 

rate and virulence (Loomis and Adams, 1983). The success or failure of infection is 

detemiined by the dynamic competition and the final out come is determined by the sum of 

favourable and unfavourable conditions for both the pathogen and host cells. At the same 

time the potential host may be able to detect or recognize a fungal pathogen and use the 

initial act of recognition to trigger a range of induced resistance (Callow, 1982, 1983; 

Purkayasth, 1994). 

In the host pathogen interaction, therefore, the initial cellular recognition is followed 

by communication between its components. This exchange of information is generally 

mediated by soluble aiitigens located on or near the cell surface (Chakraborty, 1988). In 

the present study varietal resistance tests of 31 varieties of tea released by Darjeeling Tea 

Research Centre, Kurseong, Darjeeling; Tocklai Experimental Station, Jorhat, Assam; 

and UPASI Tea Research Centre, Valparai, Tamilnadu, against the blister blight pathogen, 

Exobasidium vexans was carried out by artificially inoculating the plants with E.vexam 

spores. Percentage infection of blister blight was recorded. Of the 31 varieties tested, 

AV2, TV 18 and UP8 showed high susceptibility where as TV26, S449 and UP2 showed 

least susceptibility. 

The significance of antigenic relationships between plant hosts and pathogenic 

organisms with regard to disease susceptibility has been recognized by many investigators. 

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 a unique serological 

resemblance to one another involving one or more antigenic determinants. The presence of 

cross reactive antigens (CRA) between plant host and their parasites and the concept that 

these antigens inight be involved in determining the degree of compatibility in such interactions 

have been discussed by several authors (DeVay e^ al, 1972; DeVay and Adler 1976; 
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Kalyana Sundaram, 1978; Chakraborty, 1988; Purkayastha, 1989; Purkayastha ê . al. 

1991; Purkayastha, 1994). 

In the present study, leaf antigens of 31 tea varieties, 4 non hosts (O. sativa, P. 

indica, T. patula and L lucida) and one non pathogen of tea {F. graminearum) were 

cross reacted separately with anti-£'. vexam antiserum. (Polyspecific and Polyclonal). The 

presenceof CRA between £ vexansdind 14tea varieties, CPl,Kl/l,T-78,BS/7 A/76, 

B777, AV2, TV 18, TV25, TV27, TV28, UP8, UP9, UP 17, UP26, was evident in immuno 

diffusion test. No common antigenic substance was found between E. vexans and 10 

other varieties (TV26, TS449, TeenAIi /17/1/54, T-135, TV23, TV29, TV30, BSS1, 

BSS2 and BSS3). However, weak precipitation reaction was observed with antigens of 7 

tea varieties (P-1258, HV39, TV20, TV22, TV30, UP2 and UP3). 

Tlie occurrence of CRA and their involvements in various host parasite combinations 

have been demonstrated. These are cotton and Verticillium alboatrum (Charudattan and 

DeVay, 1972) Cotton and Fusarium Oxysporum f. sp. vasinfeclum (Charudattan and 

DeVay, 1970; Kalyana Sundaram et. al, 1975), sweet potato and Ceratocystisfimbriatae 

(DeVay et. al., 1976), potato ondphytophthora infestans (Palmerley and Callow, 1978, 

Alba and DeVay, 1985), Soybean and Macrophominaphaseolina (Chakraborty and 

Purkayastha, 1983), soybean and Colletotrichum dematium (Purkayastha and Baneijee, 

1986), Soybean and Myrothecium roridum (Ghosh and Purkayastha, 1990, coffee and 

Hemiliea vastafrix (Alba et. al, 1983), groundnut and Macrophomina phaseolina 

(Purkayastha and Pradhan, 1994); Tea and Bipolaris carbonum (Chakraborty and Saha, 

1994); Tea and E. vexans (Chakraborty et. al, 1997). 

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 polyspecific E. vexans antisera was raised against 

blister infected tea leaves of Castleton Tea Estate and Hansqua Tea Estate and polyclonal 

antisera was raisedagainst E. vexans basidiospores. The antisera obtained were purified 

to minimize non specific binding. At the beginning, the sensitivity of the assay was optimized. 

Homologous soluble antigens at a concentration as low as 25ng/ml could be detected in 

indirect ELISA by all the three antisera. Absorbance values decreased with increase in 

dilutions. Chakraborty et. al. (1996) also reported that antiserum raised against 
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Pestalotiopisis theae could detect homologus antigen at 25ng/ml. Antiserum dilution of 

upto 1:16,000 was effective for detections. 

In the present study indirect ELIS A readily detected CRA between tea leaf antigens 

and E. vexans, 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 itifestans (races 4 and 1.2.3.4.7) using antisera of potato cultivars King 

Edward and Pentland Dell at concentrations lower than 50|ig/ml protein in indirect ELIS A. 

Among the 31 tea varieties tested with antiserum oiE. vexans (Polyspecific and polyclonal), 

veiy high absorbance values were obtained in case of AV2, TV 18 and UP8, TV26, S449 

and BSS3 showed very low absorbance values. 

Visible outcome of a compatible host pathogen interaction may be obtained in many 

cases 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 ELIS A using polyclonal antiserum has found widespread 

application in plant pathology and are routinely used for detection and identification purposes 

(Clark and Adams, 1977; Clark, 1981; Lommel et. al. 1982; Sundaram et. al. 1991; 

Lyons and White, 1992; Chakraborty et. al. 1995; Chakraborty et. al. 1996; Chakraborty 

e/. a/. 2001a and 2001b). 

In the present study, the differential response of twelve (12) tea varieties to 

Exohasidium vexans has been observed through Indirect ELISA of artificially inoculated 

tea leaves. Among the four Darjeeling varieties tested (CPI, S449, HV39 and AV2), AV2 

showed highest ELISA absorbance for blister infected antigens. Tocklai variety 18 and 

UPASI-8 showed high susceptibility to blister blight. The artificially inoculated leaves {in 

vitro conditions) showed swelling and curling symptoms, blister formation (white postules) 

was absent in these cases. Gunasekera et. al. (1997) investigated the effects of ultraviolet 

B(UV-B:290-320nm) component of solar radiation on blister blight of tea, in field trials in 

SriLanka, using UV-screening filter materials held over a commercial crop. They found 

that exclusion of UV-B radiation by polyester C, 75-85% increased the number of 

translucent spots (immature sites of infection), but it had little or no effect on sporulation of 
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E. vexans. Basidiospores that were artificially inoculated on leaves and exposed to full or 

filtered solar radiation, had increased survival and germination, when UV-B wavelengths 

were removed. They suggested that the UV-B component of solar radiation plays an 

important role in the natural regulation of blister blight disease in the field. 

In order to determine the earliest time of which infections could be detected, highly 

susceptible varieties AV2, TV 18 and UPASI-8 were artificially inoculated with E. vexans 

spores and ELIS A readings were taken after every 24 h interval for 12 days. Infection 

could be detected as early as 48 h after inoculation in susceptible varieties (AV2, TVl 8 

and UP8). ELISA could successfiilly detect infection in leaf tissues much earlier than the 

appearance of the visible symptoms which generally appears after 12 days of inoculation 

with E. vexans. This is in confirmity with the results of several previous authors who have 

reported that ELISA could detect pathogens in tissues (Linfield, 1993; Jamaux and Spire, 

1994). In experiments conducted over 20 days with Fragaria vesca, Mohan (1988) 

showed that ELISA positive material was detectable 6-8 days after inoculation with 

P.fragariae when the plants were apparently still healthy. 

Results of various experiments of this study has established very definitely the 

importance of cross reactive antigens between host and pathogen in determining the response 

of the host to pathogen. This has also been supported by the works of several 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 loosened cells and cross sections of 

tea leaves, and basidiospores (\iE. vexans. Loosened cells were obtained from calli 

prepared from stem segments of TV 18. Cross sections of healthy tea leaves (TV 18 and 

AV2) and loosened cells were treated with znix-Kvexans antiserum followed by staining 

with FITC conjugated anti rabbit globulin specific goat antiserum. Bright fluorescence was 

observed in both the loosened cells and cross secfion of tea leaves (TVl 8 and AV2) 

treated withpolyclonal antiserum. Treatment of infected leaf tissues with anti-£. vexans 

antiserum followed by FITC, labelled antibodies also showed bright fluorescence. DeVay 

el. al. (1981) determined the tissue and cellular location of major CRA shared by cotton 

and E oxysporum f.sp. vasinfectum; Chakraborty and Saha (1994b) also showed the 
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cellular location of CRA showed by Camellia sinensis and Bipolaris carhonum, 

(Chakrabfirty e/. al. 1995. Chakraborty e/. al. 1997). 

Detection of pathogen in host tissues using antibody based immunofluorescent 

technique has been reported by several previous authors (Wamock, 1973; Hornok and 

Jagicza, 1973; Reddy and Ananthanarayan, 1984). Dewey et. al. (1984) suggested, on 

the basis of immunofluorescence studies that chlamydospores, basidiospores and mycelia 

ofPhaseolus Schweinitzii contained molecules antigenically related to species specific 

antigens secreted by mycelia grown in liquid culture. They also demonstrated the presence 

of mycelium and Chalrnydospores in naturally and artificially infested soil samples, using 

this technique. Different test formats including indirect ELISA, Westem blotting, dot blot 

and indirect immunofluorescence was assessed by Wakeham and White (1996) for their 

potential to detect resting spores of Plasmodiophora brassicae 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 antiseurm against P. 

brassicae resting spores used in their study showed no cross reaction with other common 

rest pathogens {Pythium ultimum, R. solani, and F. oxysporum), and did not cross react 

with resting spores of Polymyxa betae, which is also a member of the 

Plasmodiophoraceae. In the present study, antigens prepared from blister infected leaf of 

CTE, basidiospores collected from blister infected leaves (CTE), healthy tea leaves and 

artificially inoculated tea leaves with E. vexans were tested on nitrocellulose paper. Infected 

and artificially inoculated leaf antigens gave intense dots when compared to the healthy 

control confirming the presence of fungal pathogens. 

Gomplex mixtures of antigens can be quickly and easily separated by high-resolution 

techniques such as sodium dodecyl sulfate-acrylamide gel electrophoresis using 

discontinuous buffer systems and two dimensional techniques. However, once separated 

in this manner, it has been difficult to determine which of the separated species reacted 

with a given antiserum. Several methods have been developed previously. Towbin et. al 

(1979) overcame these problems by electrophoretically transferring the separated mixture 

onto nitrocellulose. Once attached to the nitrocellulose, the antigenicity of each of the 
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separated species could be tested by treating the blot with antiserum and the bound antibody 

detected with radio labeled staphylococcal protein A or corresponding anti-antibody. Blake 

el. al. (1984) have described a method using the alkaline phosphatase 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 tetrazolium which precipitates, forming 

an intense blue deposition of diformazan. In the present study, healthy and blister infected 

tea leaf antigens were run for SDS PAGE analysis, transferred on to the nitrocellulose 

paper, probed with polyspecific and polyclonal antibody of £. vexans and treated with 

BCIP and NBT. Two types of colour reactions were observed in both the above cases. 

Healthy antigens showed higher CRA when probed with polyspecific antibody, where as 

polyclonal antibody did not recognize healthy antigens. 

Although occurrence of blister blight disease was recorded more than a century ago 

regular and intensive control measures were practised only in the last 40 years. With the 

advent of the diseases, experiments were initiated to effectively combat the disease. Several 

workers have worked on the cultural operations and chemical control (fLingicides) of the 

disease. 

Venlcata Ram, 1974a suggested the removal of shade trees to achieve more control 

on blister blight. However, regulation of shade by pollarding the branches wherever necessary 

was most useful. Several workers have worked on the chemical control of blister blight. 

Use of copper oxychloride or cuprus oxide, Nickle chlorides have been the best choice 

for protective control of the disease, (Venkata Ram and Chandra Mouli 1984). In tea 

recovering and pruning stage nickle chloride cannot be used due to its phytotoxicity on 

tender succulent shoots. (Venkata Ram, 1978). In order to find out alternative fungicides 

to copper oxycliloride and nickle chloride many other fungicides both organic and inorganic 

were evaluated (Chandra Mouli, 1979a, Chandra Mouli and Premkumar, 1986). Of the 

many protectant therapeutant organic fungicides, only chlorothalonil and dithianon provided 

satisfactory control (Chandra Mouli and Premkumar, 1986). New lines of approach were 
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made by introducing systemic fungicides in blister blight disease control programme. By 

using systemic fijngicides satisfactory disease control could be achieved even by less frequent 

sprays. However, the systemic fungicides have the limitation under severe wet weather 

conditions (Venl<cata Ram, 1974). Since basidiospores of the fungus failed to germinate in 

acidic pH, excellent disease control was obtained by spraying a very dilute acid water (pH 

1.3) (Venkata Ram, 1979). Foliar application of Hexa conazole one of the systemic 

fungicides as recommended by UPASI, controls the disease, but has toxic side effects, hi 

order to explore the possibilities of involving an efficient, eco-friendly alternative, in the 

present study few selective botanical pesticides were screened out ofv/hichAzadirecta 

indica and Catharmthus roseus were selected for further field evaluation at Castleton 

Tea Estate, Kurseong, Darjeeling. Foliar applications of plant extracts (20g/litr)and contaf 

5E (1:10,000 dilution) twice at an interval of 10 days were sprayed to the tea bushes of the 

marked area. It is interesting to note that the incidence of blister blight was highest 88.3% 

in untreated plots, lowest (22.3%) was observed in plots sprayed with Hexaconazole. 

Blister blight incidence was noted as 45.6%) in plots treated with Catharanthus spray 

(45.6%) and 53.0%) in neem spray). DAC-ELISA fomiat was developed using polyclonal 

antibody raised against basidiospores off. vexans. When ELISA results of leaf tissues 

collected from both treated and untreated plants exposed to natural inoculum after 15 and 

30 days of spray schedule were compared, A 405 values were always reduced in treated 

leaf tissues than untreated ones. It indicates clearly that in the treated leaf tissues the 

establishment of the pathogen {Exobasidium vexans) was not successful due to the 

application of biocide. A major out come of the present study has been the development 

of immunodiagnostic kits of blister blight pathogen {E. vexans) using immunoassays, 

immunofluorescence, dot immunoblotting as well as western blotting at a very early stage 

of infection, have paved the way to take preventive measures in the field conditions there 

by minimizing the crop loss. 
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(1) A review of literature related to this investigation has been presented which deals 

mainly with serological relatedness among fungal species, cross reactive antigens and 

detection of pathogen in host tissues. 

(2) Materials used in this work and the methods followed for the experimentations have 

been discussed in details. 

(3) Meteorological data of 5 years 1996-2000 were collected which included maximum 

and minimum temperature, relative humidity (moming & evening) and monthly average 

rainfall from two different areas (Plains and Hills). 

(4) Disease incidence was found to be maximum from July to October in the Daijeeling 

hills where the average rainfall ranged between 449.022cms - 319.88cms, relative humidity 

97% - 85%, maximum temp, ranging bet. 25°C - 22°C and the minimum temp, ranging bet 

16°C -12''C. Formation of heavy mist and fog also added to the severity of the blight. 

(5) Comparatively, the disease incidence was maximum from December to February in 

the Terai region. The average rainfall during this period was recorded between 15cms - 9 

cms, RH being 95% - 92%), maximum temperature 25°C - 22°C & minimum temperature 

12^0 to 8°C, with the additional occurrence of mist and fog. 

(6) Pathogenicity of E. vexans was tested on 31 tea varieties (11 Daij eeling, 11 Tocklai 

and 9 UPASl) were tested. AV2, TVl 8 and UP 8 were found to be most susceptible. 

(7) Polyspecific antisera were raised against antigen preparations from blister infected 

tea leaves of Hansqua Tea Estate (plains) and Castleton Tea Estate (Darjeeling hills). 

(8) Polyclonal antibody was raised against E. vexans basidiospores, collected from blister 

infected tea leaves of Castleton Tea Estate. 

(9) In agar gel double diffiision tests anti-^. vexans antiserum was cross reacted with 

leaf antigens of all 31 tea varieties. Strong precipitin reaction occurred in homologous 

reactions and in reactions involving susceptible varieties while, no precipitation occurred 

with resistant varieties, non hosts or non pathogens. 

(10) All tlie antisei;̂  raised, were purified by ammonium sulphate precipitation and DEAE 

cellulose chromatography. IgG, obtained in each case was used for ELIS A tests. 

(11) Optimization of antisera were determined by DAC-ELIS A. An antiserum dilution 

of (1:250) and an enzyme (alkaline phosphatase) dilution of 1:10,000 were optimum for 

polyspecific as well as polyclonal antisera. 
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(12) Cross reactive antigens of all the 31 tea varieties,(healthy) were tested with 

mli-Evexans antiserum and found out that AV2, TVl 8, TV27, UP8 & BS/7A/76 showed 

vei7 high absorbance. Reciprocal cross reactions with antisera raised against TV 18 and 

CPl and non pathogen Fusarium graminearum showed high absorbance values in 

susceptible reactions and low in resistant reactions as well as reactions with non host and 

non pathogen. 

(13) E. vexans was detectedin artificially inoculated leaves of 14 tea varieties on basis of 

significantly higher absorbance values in ELISA of inoculated extracts as compared to 

healthy extracts using anti-E vexans antiserum. Similarly natural infection could also be 

detected by ELISA. 

(14) E. vexans infection was detected as early as 48h. after inoculation in suceptible 

varieties like AV2 & TV 18 by DAC-ELISA. Highest absorbance values were noted 12 

days after inoculation. 

(15) Callus was induced fi-om stem segments of TV 18 and from this callus loosened cells 

were obtained. Immunofluoresence studies of2Si\x-E.vexans antiserum revealed bright 

fluorescence after treatment with FITC. 

(16) Cross sections of healthy tea leaves (TV 18 and AV2) treated with anti-£. vexans 

antiserum and then with FITC, developed a bright fluorescence throughout, which showed 

high CRA with E. vexans. 

(17) Cross-sections of infected tea leaves treated with homologous Qxi\i-E.vexans 

antiserum showed bright fluorescence in palisade and spongy parenchymatic tissues (area 

of infection).Basidiospores ofE.vexans treated with homologous anti-E vexans antiserum 

and FITC showed bright fluorescence. 

(18) E. vexans in healthy artificially inoculated tea leaves as well as naturally infected tea 

leaves were also observed by Dot blot immunoassay and western blotting technique. 

(19) Field management of blister bhght after spray of systemic fimgicide (Hexaconazole) 

and foliar biocides, was evaluated by percentage disease incidence. 

20. Polyclonal antibody raised against basidiospores of £ vexans was used for DAC-

ELISA formats. It was found that the absorbance (A 405) values always reduced in treated 

leaf tissues than untreated ones. 
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