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1. A brief review of literatur~ pertaining to the present 

lines of investigation has been presented which mainly 

deals with preformed and inducible defenses in plant, 

plant disesse alteration by chemical treatment as well 

as common antigenic relationship between host and para-

site. 

2. Experimental procedure followed and the materials used in 

this investigation have also been described in detail. 

Pathogenicity of B. carbonum (isolate BC1 was tested on -
detached leaves, cut shoots and whole plants of 12 clonal 

varieties (TV-1, TV-9, TV-14, TV-16, TV-17, TV-18, TV-19, 

TV-20, TV-23, TV-25, TV-26 and Teen Ali 17/154) and 2 

seed varieties (TS-449 and CP-1) of tea (Camellia sinensis). 

~ the 14 varieties, ~V-26, TV-25 and TV-16 were resistant 

while TV-18, TV-9 and TV-17 were highly susceptible to 

~. c arbonum • 

4. Mycelial growth rates of four isolates of ~· carbonum 

(BC-1, BC-2, BC-3 and BC-4) were noted on three different 

media viz. Potato dextrose agar (PDA), Czapek-dox-agar 

(CDA) and Oat meal agar (OMA). All four isolates had 

similar gnowth pattern. However, the growth rate on PDA~ 

OMA was more than CDA. Sporulation started at first on 
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PDA within 4 to 5 days followed by CDA and then OMA. 

5. When all these four isolates of~· carbonum (BC-1, BC-2, 

BC-3 and BC-4) were tested on detached leaves of a 

susceptible tea variety (TV-18), diameter of the lesions 

exhibited by isolate BC-1, BC-2 and BC-3 after 24-72 h 

of inoculation did not differ markedly. But the diameter 

of the iesions produced by the isolate BC-1 on detached 

leaves was consistently larger (mean diameter 9.4 mm) 

than the isolate BC-3 (mean diameter 2.9 mm) after 72 h 

of inoculation. 

6. The optimum pH, temperature and incubation time required 

for maximum growth of B. carbonum were determined. The 

fungus grew at a wide range of pH (4.0 to 8.0) and 

temperature (15°C to 40°C), the optimum pH and temperature 

being ·6.0 and 30°C respectively. Maximum growth was 

observed after 15 . days of incubation and then rate of 

growth declined. 

7. Five different carbon sources (viz. D-glucose, D-fructose, 

sucrose, galactose and mannitol) and nine different nitr

ogen sources (potassium nitrate, calcium nitrate, sodium 

nitrate, ammonium nitrate, ammonium sulphate, peptone, 

casein hydrolysate, yeast extract and beef extract) were 

tested on the growth and sporulation of B. carbonum. 
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Among the carbon source tested, sucrose was found to be 

the best for growth and sporulation. Among the inorganic 

nitrogenous compounds tested, ammonium nitrate and sod i um 

nitrate were the best source for growth and sporulation, 

respectively whil~ peptone was the best among t he organic 

nitrogen sources. 

B. Simple phenolics were extracted from healthy leave s of 

six tea varieties (TV-9, TV-16, TV-17, TV-18, TV-25 and 

TV-26) and characterized on thin layer chromatograms ; of 

which, gallic acid, catechol, caffeic acid and p -coumaric 

acid were identified. 

9. Quantitative changes in ethylacetate soluble and water 

soluble phenolics of resistant (TV-26) and susceptible 

(TV-18) tea varieties at different interval after inocu

lation with B. carbonum were determined. The level of 

water soluble phenolic compounds did not differ among 

control plants of TV-26 and TV-18. Ethyl acetate soluble 

phemonolics in TV-26 increased after 24 h of inocul ation 

and continued to accumulate through 48 h inoculat i on but 

noninoculated leaves showed gradual decrease wi th time . 

After 48 h of inoculation there was a signific ant differ

ence in phenolic accumulation between leaf extract s of 

resistant and susceptible variety. 
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10. Total phenol and orthodihydroxy phenol contents from 

healthy and inoculated (with B. carbonum) tea leaves of 

three resistant and three suscepti,ble va·rieties were 

estimated after 48 h of inoculation. After inoculation 

total phenol level decreased by 4.5, 1.2 and8.5% in the 

susceptible variety TV-18, TV-9 and TV-17 respectively, 

whereas it increased by 11.1, 5.7 and 12.2% in TV-26, 

TV-25 and TV-16 respectively, in comparison with healthy 

control. 

11, Leaf exudates and diffusates were collected from six tea 

varieties, three each from resistant (TV-26, TV-25 and 

TV-16) and susceptible (TV-18, ,TV-9 and TV-17) plants 

after 48 h of inoculation and their biological activities 

were evaluated on spore germination and germtube growth 

of B. carbonum. The diffusates collected from the resis

tant tea variet.ies were more fungitoxic than those from 

the susceptible varieties. Leaf exudates also contained 

some fungitoxic substqnces. 

12. Antifungal compounds were extracted following facilitated 

diffusion technique from the healthy and inoculated (with 

B. carbonum), leave·s of resistant (TV-26 and TV-25) and 

susceptible (TV-18 and TV-9) varieties of tea after 48 h 

inoculation and separated on thin layer chromatogra,s_ 

developed in chloroform-methanol (9 : 1) 
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13. Two .compounds A and B were fungitoxic from ethylacetate 

fraction as determined by the "On the Chromatogram -, 

Inhibition Assay" using B. carbonum as the test organism. 

14. Compound A from healthy extracts of all four varieties 

(TV-9, 18, 25 and 26) showed prominent inhibition zone 

at Rf 0.80. There was no evidence of this inhibition zone 

after 48 h of inoculation in TV-9 and TV-18, whereas traces 

of this inhibition zone was still evident in inoculated 

leaves of TV-25 and TV-26~ This compound showed brown colour 

reaction when sprayed with Vanillin-H2so4 which corresponded 

with authentic catechin. 

15. The compound B showed positive colour reaction of phenolics 

with the chromogenic sprays (folin-ciocalteu•s reagent, 

Fec1
3 

- K3Fe(CN) 6 and diazotized p-nitroaniline) on TLC 

plates at Rf 0.65 and exhibited prominant inhibition zone 

in TLC plate bioassay. This compound was partially purified 

and its fungitoxicity was assayed against six additional 

fungal species (viz. Colletotrichum camelliae, Pestalotiop~i 

theae, Helminthosporium oryzae, H. maydis and l;!.satiyum). 

The compound inhibited markedly the spore germination of 

all the fungal species tested. Thus antifungal nature of 

the compound B was confirmed. 

16. UV-spectrophotometric analysis of the compound B revealed 

"f_ absorption peaks at 214 and 276 nm. Comparison of this 
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compound with several authentic simple phenols by thin 

layer chromatography and UV-spectrophotometry showed it 

to be identical to catechol. 

17. The compound-B showed the higqe&t fungitoxic activity in 

resistant varieties (TV-26 and TV-25) after 48 h of inocu

lation in comparison to the susceptible varieties (TV-18 

and TV-9). This antifungal compound in inoculated:. leaves 

of resistant varieties accumulated in greater amount 

(439- 510 fg/g fresh wt.) in comparison to that in the 

susceptible varieties (187-212 pg/g fresh wt.).Concentra

tion of this compound in healthy leaf tissues were very 

low ( 45-88 pg/ g fresh wt.) • 

18. A series of experiments were performed in order to study 

the effects of 22 chemical on disease development of sus

ceptible variety (TV-18). For convenience, 22 chemicals 

were scr~11.ed in five separate groups viz. (a) reducing 

agents (sodium selenite, sodium sulphite, L-ey stein, 

ascorbic acid and thioglycollic acid) ; (b) metabolic 

inhibitors (sodium malonate, sodium molybdate, sodium azide, 

cycloheximide) ; (c) amino acids (DL-valine, DL-methionine, 

DL-phenylamine; (d) growth regulators (indole-3-acetic acid, 

Gibberellic acid,oG-napthalene acetic acid and indole~3-

acetic acid) and (e) metal salts (nickel chloride, nickel 

nitrate, mercuric chloride,cadmium chloride, ferric chloride 
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and cupric chlorid e). E3ch chemical was also tested for 

its fungitoxic effect if any on B. carbonum. 

19. Chlorides of mercury, cadmium and copper totally inhibited 

spore germination. Nickel chloride, nickel nitrate, sodium 

selenite, thioglycollic acid, sodium molybdate, cyclohe

ximide, sodium molybdate and sodium azide also markedly 

inhibited germ tube growth. Of the remaining compounds, 

OAA, GA
3 

NAA and IBA had mild to moderate inhibitory 

effects. 

20. Pronounced protective effects were recorded with f our 

chemicals (viz. nickel chloride, nickel nitrate, cyclohexi

mide and sodium selenite) as evident from reductions in 

disease index after 16 days of inoculation with~· carbonum. 

Susceptible plant (TV-18) treated with nickel chloride (1 

(1o-5 M) followed by inoculation with g. carbonum produced 

high level of antifungal compound B (458pg/g fresh wt.) in 

relation to untreated-inoculated plants (19qug/g fresh wt.) 

21. Total soluble protein content of healthy and inoculated 

(with g. carbonum) leaves of six tea varieties were esti

mated. There was no significant difference in protein con

tents of healthy leaves of tested varieties. Protein con

tent, however increased in the infected leaves (48 h after 

inoculation) but markedly in cas~ of three susceptible 

varieties, (TV-18, TV-9 and TV-17). 
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22. Protein patterns of healthy and infected (48 h after 

inoculation) leaves of resistant (TV-26) and susceptible 

(TV-18) tea varieties as well as the mycelia of ~· carbonum 

have been evaluated by polyacrylamide gel electrophoresis. 

Mycelia of~· carbonum exhibited 11 protein bands. In 

healthy and infected leaves of TV-18, 17 and 20 protein 

bands were detected respectively but obly 17 proteins bands 

were detected in TV-26 both before and after infection. 

23. Antigens of three resistant (TV-26, TV-25 and TV-16) ; 

three susceptible (TV-18, TV-9 and TV-17) varieties of 

tea , four isolates of~· carbonum (BC1, BC-2, BC-3 and 

BC-4) and two nonpathogens (~. tetra~era and B. setariae) 

were prepared • Rabbit antisera were raised against 

antigen of B. carbonum (isolate BC-1) and leaf antigens 

of TV-26 and TV-18. Serological relationship among different 

varieties of tea and isolates of ~· carbonum were studied 

following immunodiffusion and immunoelectrophoretic tests 

as well as indirect enzyme linked immunosorbent assay 

(ELISA). 

24. In immunodiffusion test strong precipitation reactions 

occurred when antiserum of ~· carbonum (BC1A) was reacted 

against its own antigen (BC1a) and antigens of two other 

isolates (BC2a and BC4a) but weak precipitation reaction 

was observed with antigens of weakly virulent isolate 

(BC 3a) of B. carbonum. 
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25. Cross reaction between antiserum of li• carbonum and 

antigens of susceptible varieties (T18a, T9a, T17a) 

developed common precipitin band. But no such precipitin 

reactions were noted in case of antigens of resistant 

varieties (T26a, T25a and T16a). 

26. Reciprocal cross reaction between antiserum of resistant 

variety (T26A) and antigens of four isolates of B. carbpnum 

also failed to develop even any weak precipitin band, 

whereas common precipitin bands were observed in the recipro

cal cross reaction between antiserum of susceptible variety 

(TV18A) and antigens of isolates of B. carbonum. Absence 

of cross reactiv~ antigens were also noted between antisera 

of tea varieties (T18A) and (T26A) and antigens of non

pathogens of tea (B. tetramera and B. setariae). 

27. In immunoelectrophoretic tests, at firstJeffectivenes s of 

each antigen extract (T18a, T26a and BC1a) in raising anti

bodies (T18A, T26A and BC1A) was checked by homologous cross 

reactions. The homologous patterns formed by T18a and T26a 

contained 6 and 5 precipitin lines respectively and that 

of BC1a contained 5 precipitin lines. 

28. When antiserum of TV-18 was cross reacted with the antigen 

preparations of leaves of five different tea vari eties, they 
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were antigenically very close to each other. In this 

reaction antigens of· TV-9 gave rise to 5 precipitin lines. 

TV-16 ~nd TV-17 exhibited 4 bands while TV-25 and TV-26 

showed 3 precipitin lines. All the three isolates of B. -
carbonum (BC-1, BC-2 and BC-4) were antigenically more 

related to TV-18 as evidenced by 2 precipitin lines in 

common. 

29. Four precipitin lines each,were formed with the antigens 

of TV-9, TV-16, TV-17 and TV-18 while TV-25 exhibited 5 

precipitin lines in cross reactions between antiserum of 

TV":"26 and antigens of five different tea · varieties. No 

such precipitation was observed when , antigens of fungal 

isolates were cross reacted with antiserum of TV-26. 

30. Reciprocal cross reactions between antisera of li• carbonum 

and antigens of all three susceptible tea varieties formed 

two prec.ipit~n lines, but antigens of resistant varieties 

failed to develop any precipitin lines. 

31. Cross reactive antigens (CRA) in semipurified mycelial 

preparation from~· oarbonum (isolate BC-1) at concentra-

tions ranging from 5 to 25 ug/ml with antiserum at dilutions 

of 1/125 and 1/250 have been detected by indirect immunosor- . 

bent as~ay (A492). CRA were also detected between B.carbonuma. 

susceptible tea variety (TV-18). Antigenic preparations 

from B. carbonum exhibited higher absorbance value when 
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reacted with antiserum of TV-18 than when reacted with 

antiserum of TV-26. Antigenic preparations from weakly 

virulent isolate of a• carbonum (BC-3) also showed greater 

absorbance value than nonpathogens (~. tetramera) in their 

cross reaction with antisera of TV-18. In all combinatiofts 

A492 values for normal serum controls were below the 

corresponding test value. 

32. Antigens obtained from B. carbonum (BC-1) and susceptible 

variety (TV-18) before and after treatment with nickel 

nitrate and nickel chloride (10-5 M) were cross reacted 

separately with the antisera of TV-18. In agar gel immuno

di!~usion test, strong precipitation bands were evident in 

the homologous reactions between antigens and antisera of 

TV-18. But antigen prepared from nickel chloride treated 

leaves developed very faint diffused band in this reaction 

and nickel nitrate treated leaves exhibited weak precipitin 

bands. 

33. In immunoelectrophoretic tests, antigens of untreated healthy 

2eaves of TV-18 exhibited 6 precipitin_ arcs in . . .laomologous 

reaction. Antigens of nickel chloride treated leaf of TV-18 

developed only 4 precipitin lines when reacted with antiserum 

of TV-18. Reciprocal cross reaction between antiserum of 

B. carbonum and antigens of untreated and nickel chloride 

treated 'leaves of TV-18 developed 2 and 1 precipitin lines 

respeetive:l:y. 
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34. Antibodies indirectly labelled with fluorescein isothiocy

anate (FITC) were used to determine the location of CRA 

in sections of tea leaves (TV-18) and fungal cells (1!. 

carbonum) by treatment of conidia . and mycelia of B.carbonum 

with antiserum of TV-18 and using indirect staining with 

FITC.CRA was mainly detected in hyphal tips and in patch

like areas on conidia. Leaf sections exhibited a natural 

autofluorescence or the cutic · Jaand se.leri ,des present :-.in 

the mesophyll tissue. Leaf sections treated with homologous 

antiserum (TV-18A) and then reacted with FITC developed 

bright fluo~escence which was distributed throughout the 

leaf tissue mainly iri epidermal cells, mesophyll tissues 

and xylem elements. Strong reaction of antiserum of ~· 

carbonum with leaf section was noticed. CRA was concentra

ted mainly around epidermal cells. Similarly, but with less 

fluoreseence mesophyll tissue also reacted with antiserum 

of 1!. c arbonyrp' .• 

35. The implications of the results embodied in Part-! - XI 

have also been discussed. 


