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A brief review of the literature related to the present lines of investigation has 

been presented. The review mainly includes diseases of tea plants, growth and 

physiology of the pathogens, common antigenic relationship, plant disease alteration 

by chemical treatment, and disease control by chemical fungicides, botanicals and 

antagonistic organisms.

Different experimental procedures and techniques used during the present 

study have been described in details in the materials and methods section.

At the onset of the present work a thorough survey of the tea nurseries of 

north Bengal were done. During the survey, 6 pathogens were isolated from the 

leaves of young tea plants. These were B. theobromae, C. eragrostidis, C. 

cammelliae, P. theae, C. theae, F. oxysporum. Out of these two fungi B. theobromae 

and C. eragrostidis were consistently found associated with the leaves of young 

seedlings of the nurseries of North Bengal. C. eragrostidis is a new report of this 

study.

Pathogenicities of two fungal pathogens (6. theobromae and C. eragrostidis) 

were determined on 24 different tea varieties following detached leaf inoculation 

technique and cut shoot inoculation technique. Pathogenicity were also tested on

10 different varieties following nursery tea plant inoculation technique. From the 

results of pathogenicity TV-26 and TV-11 were selected as resistant and susceptible 

variety respectively against 6. theobromae. Similarly, TV-25 and TV-12 were resistant 

and susceptible variety respectively against C. eragrostidis.

Different solid media, different incubation periods (days) and different pH on 

growth of B. theobromae and C. eragrostidis were investigated. The rate of growth 

of both the fungi increased after 5 days and continued up to 15 days and then 

declined. Among the different pH (pH 5,0, pH 5.5, pH 6.0 and pH 6.5) tested for 

growth, pH 6.0 was the best pH for growth of both B. theobromae and C. eragrostidis.

Among the four different carbon sources, glucose was revealed as an excellent 

carbon source when overall growth pattern of 6. theobromae was investigated. 

Sporulation of B. theobromae was excellent in glucose and sucrose. C. eragrostidis 

on the other hand showed satisfactory growth when glucose and sucrose were
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used as carbon sources. Sporulation was excellent when glucose was used as 

carbon source. Among the seven different nitrogen sources, only potassium nitrate, 

peptone and beef extract were satisfactory nitrogen sources for the growth of

B. theobromae. Sporulation was found good after 15 days of incubation in case of 

potassium nitrate and yeast extract. Peptone was an excellent organic nitrogen 

source for growth of C. eragrostidis. Sporulation was found good after 15 days of 

incubation when ammonium nitrate, ammonium sulphate and peptone were used 

as nitrogen sources.

Effect of different incubation periods, different pH and different temperatures 

on the germination of spores of both B. theobromae and C. eragrostidis'A/ere studied. 

Both the pathogens showed maximum germination of their spores after 24 hours of 

incubation. The spore germination of both B. theobromae and C. eragrostidis was 

maximum at pH 7.25 and minimum at pH 9.0. At 28 °C, spore germination was 

maximum in case of B. theobromae but at 40 “C no spores germinated.

C. eragrostidis showed maximum spore germination at 28 °C but did not show 

germination at 45 °C.

During the present study the antigens of the two pathogens (B. theobromae 

and C. eragrostidis), antigen of non-pathogen {Gliocladium virens isolate II), leaf 

antigens of three susceptible tea varieties (TV-11, TV-12 and TV-18), three resistant 

tea varieties (TV-25, TV-26 and TV-30) and leaf antigens of TV-3, TV-6, TV-8 and 

Sundaram were used in different combinations with the antisera of B. theobromae,

C. eragrostidis, TV-11, TV-12, TV-25 and TV-26 for determining the degree of cross 

reactivity. For this several techniques like immunodiffusion, immunoelectrophoresis, 

indirect ELISA and indirect immunofluorescence microscopy were performed.

In agar gel double diffusion test when antigens of B. theobromae, TV-6, TV- 

11, TV-12, TV-18, TV-26 and TV-30 were treated with the antisera of B. theobromae, 

TV-11 and TV-26, common precipitin bands were observed in homologous treatments 

(i.e. between antisera and antigens of B. theobromae, TV-11 and TV-26) as well as 

in cross-reactions between antisera of S. theobromae and antigens from leaves of 

TV-11, TV-12 and TV-18. Common precipitin bands were also found in reactions 

between the antisera of TV-11 and antigens of B. theobromae, TV-6, TV-12, TV-18,
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TV-26 and TV-30. Common precipitin bands were found between the antisera of 

TV-26 and the antigens from leaves of TV-6, TV-11, TV-12, TV-18, TV-26 and 

TV-30. Precipitation bands were not found when the antigen of non-pathogen 

G. Virens (isolate II) was allowed to diffuse against the antisera of B. theobromae, 

TV-11 and TV-26 in agar gel double diffusion test. Similarly, when antigens of

C. eragrostidis, TV-3, TV-8, TV-11, TV-12, T\/-18, TV-25, TV-26 and Sundaram were 

treated with the antisera of C. eragrostidis, TV-12 and TV-25, common precipitin 

bands were observed in homologous treatments (i.e. between antisera and antigens 

of C. eragrostidis, TV-12 and TV-25) as we!! as in cross-reactions between antisera 

of C. eragrostidis and antigens from leaves of TV-11, TV-12 and TV-18. Common 

precipitin bands were also found in reactions between the antisera of TV-12 and 

antigens of C, eragrostidis, TV-3, TV-8, TV-11, TV-18, TV-25, TV-26 and Sundaram. 

Common precipitin bands were found between the antisera of TV-25 and the antigens 

from leaves of TV-3, TV-8, TV-11, TV-12, TV-18, TV-25, TV-26 and Sundaram. 

Precipitation bands were not found when the antigen of non-pathogen G. virens 

(isolate II) was treated with the antisera of C. eragrostidis, TV-12 and TV-25.

In Immunoelectrophoresis, the antigens of B. theobromae showed four 

precipitin arcs in homologous reaction with the antisera of B. theobromae, but only 

one precipitin arc was found between the antigens of B. theobromae and antisera of 

TV-11. No precipitin arcs were observed in the immunoelectrophoretic test between 

the antigens of S. theobromae and the antisera of TV-26. On the other hand, the 

antigen of TV-11 showed one precipitin arc with antisera of B. theobromae, two 

precipitin arcs with both the antisera of TV-11 and of TV-26. The antigen of TV-26 

showed no precipitin arcs with antisera of B. theobromae, one precipitin arc with 

antisera of TV-11 and three precipitin arcs in homologous test with antisera of 

TV-26. When antigen of non-pathogen G. virens (isolate II) was tested with the 

antisera of B. theobromae, TV-11 and TV-26 separately, no precipitin arc was 

observed. The antigens of C. eragrostidis showed four precipitin arcs in homologous 

reaction with the antisera of C, eragrostidis, but only one precipitin arc was found 

between the antigen of C. eragrostidis and antisera of TV-12. No precipitin arcs 

were observed in the immunoelectrophoretic test between the antigens of

C. eragrostidis and the antisera of TV-25. The antigen of TV-12 showed one precipitin
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arc with antisera of C. eragrostidis, three precipitin arcs with the antisera of TV-12 

and two precipitin arcs with the antisera of TV-25. The antigen of TV-25 on the other 

hand showed no precipitin arcs with antisera of C. eragrostidis, two precipitin arcs 

with antisera of TV-12 and four precipitin arcs in homologous test with antisera of 

TV-25. When antigen of non-pathogen G.virens (isolate II) was tested with the 

antisera of C. eragrostidis, TV-12 and TV-25 respectively, no precipitin arc was 

observed.

The leaf antigens of 24 different tea varieties, mycelial antigens of the two 

pathogens and antisera of 4 tea varieties (TV-11, TV-12, TV-25 and TV-26) and of 

the two pathogens were used to perform indirect ELISA. The higher ELISA values in 

cross reactions indicated susceptibility and lower ELISA values indicated resistance. 

TV-11 showed maximum ELISA value (1.494) against antisera of B. theobromae at 

20 iig ml-^concentration. The TV-26 showed minimum ELISA value (0.257) against 

antisera of 8. theobromae at 5 |xg ml ' concentration. The two varieties were 

susceptible and resistant respectively. Similarly, TV-12 showed maximum ELISA 

value (1.585) against antisera of C. eragrostidis at 20 ng ml'  ̂concentration. The 

TV-25 showed minimum ELISA value (0.221) against antisera of C. eragrostidis at 

5 jig ml"' concentration. The two varieties were susceptible and resistant respectively.

In indirect immunofluorescence, when the leaf sections were treated with the 

antisera of respective leaf varieties i.e. with homologous antisera indirectly labeled 

with FITC, bright fluorescence was observed. Leaf sections in heterologous 

treatments (i.e. when the leaf sections were treated with antisera of the two 

pathogens and then reacted with FITC) showed comparatively more fluorescence 

in susceptible varieties than the resistant one. The CRA observed in heterologous 

reactions, were mainly concentrated around the epidermal cells. In homologous 

treatments of the fungal mycelia, intense fluorescence was observed around the 

hyphae and conidia. In cross-reactions, when the fungal mycelia were treated with 

antisera of susceptible varieties indirectly labeled with FITC, fluorescence was 

observed in the hyphal tips and conidia but the fluorescence was not so strong 

when the mycelia were treated with the antisera of resistant varieties and FITC.

Nine different chemicals and the aqueous leaf extract of Jasminum  

jasminoidesviere sprayed on the cut shoots of susceptible tea varieties before they



168

were inoculated with the two pathogens B. theobromae and C, eragrostidis separately. 

Three chemicals (nickel chloride, salicylic acid and jasmonic acid) were found 

effective in controlling the diseases caused by B. theobromae and C. eragrostidis. 

Nickel chloride, salicylic acid and jasmonic acid at 10"̂  M concentrations were found 

to be effective in reducing the disease occurrence (caused by B. theobromae and

C. eragrostidis). The concentrations of orthodihydroxy phenol were found always to 

be maximum in the leaves of resistant twigs compared to susceptible one in both 

inoculated (inoculated with B. theobromae and C. eragrostidis separately) and 

uninoculated one when they were treated with the three chemicals separately. But 

in comparison to untreated-inoculated twigs, the orthodihydroxy phenol contents 

were found more in the leaves of both resistant and susceptible twigs (in both 

inoculated and uninoculated sets) when they were treated with the three chemicals. 

Similar results were also observed when the concentrations of total phenol were 

estimated in inoculated-treated, uninoculated-treated and untreated-inocu 

lated leaves of susceptible and resistant twigs.

Some common fungicides were tested for the control of the two pathogens 

and the MIC of the fungicides were determined following poisoned food technique. 

Bavistin was the best fungicide which controlled 6. theobromae while Calixin was 

the best fungicide which controlled C. eragrostidis.

In the present study, both aqueous and ethanol extracts of 21 different species 

of plants were screened for their potential antifungal properties against 6, theobromae 

and C. eragrosf/cf/s following slide germination technique. Melia dubia, Azadirachta 

indica, Allium sativum, Clerodendrum viscosum, Dryopteris filix-mas, and Polyalthia 

iongifoiia showed promising antifungal activity in slide germination bioassay as well 

as in TLC plate bioassay.

Antagonistic potentiality of some known biocontrol fungi ( I  viride, T koningii, 

T harzianum, isolate I and isolate II of G. virens) on the growth of B. theobromae 

and C. eragrostidis vjere tested. G. virens (isolate II) showed maximum inhibition of 

B. theobromae while T. harzianum were found effective against C. eragrostidis.

In vitro control experiments with crude aqueous leaf extracts of M. dubia, 

crude aqueous bulb extracts of A. sativum, different concentrations of calixin and
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two biocontrol fungi ( I  harzianum and isolate II of G. virens) showed reduced growth 

of B. theobromae and C. eragrostidis at different stages of the study. When the 

crude aqueous leaf extracts of M. dubia, calixin at 500 iigml"' concentrations and 

spore suspensions of T. haaianum  and isolate II of G. virens were sprayed 

separately on nursery plants of susceptible tea variety (TV-1^) and inoculated with 

B. theobromae, there was reduced disease development in comparison to control. 

Similarly, when the crude aqueous bulb extracts of Allium sativum, calixin at 

500 |igml-’ concentrations and spore suspensions of T. harzianum and isolate II of 

G. virens were sprayed separately on nursery plants of susceptible tea variety 

(TV-12) and inoculated with C. eragrostidis, there was reduced disease development 

in comparison to control.

Implications of the results have also been discussed in the discussion 

section.


