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ABSTRACT 

Elucidation of the mechanism behind induced resistance of tea plants with Benzothiadiazole (BTH) was 

done in the present study. The progress of Glomerella cingulata (Stoneman) Spauld & Schrenk (brown 

blight pathogen) spore germination, appressoria formation and germ tube length were calculated at 24h. 

SDS-PAGE analysis showed an extra 12 kDa protein in treated plants. Western Blot with polyclonal 

antibody of chitinase showed a distinct band of 29kDa in the treated inoculated plants.   
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INTRODUCTION 

Induced resistance in plants is a very 

important phenomenon that needs to be 

studied in details to ascertain its mechanism 

of action. Now-a-days there is a thrust on 

novel inducers which do not have any 

residual effects in crops. Tea is an important 

plantation crop of North-East India, which 

needs special attention as its tender leaves act 

as host to numerous phytopathogens [1]. 

Brown blight of tea is caused by Glomerella 

cingulata (Stoneman) Spauld & Schrenk [2]. 

Benzothiadiazole (BTH), a well-known 

systemic resistance inducer, was earlier 

successfully used to protect tea plants from 

brown blight infection [3]. Mechanism of 

action of this inducer was further elucidated 

in the present paper by observing spore 

germination of the pathogen, Glomerella 

cingulata, and by SDS-PAGE and Western 

Blot with PAb (Polyclonal Antibody) of 

chitinase. 
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MATERIALS AND METHODS 

Plant material:  Eighteen months old tea 

[Camellia sinensis (L.)O. Kuntze] saplings 

were obtained from cuttings made from 

shoots of the mother bush of the TV-22 tea 

variety maintained in Tea Germplasm Bank, 

Department of Botany, University of North 

Bengal. The saplings were maintained in 

glasshouse under controlled condition of 30 

± 5oC, relative humidity 60-80%, 16h 

photoperid. 

Fungal material: Glomerella cingulata 

(Stoneman) Spauld and Schrenk (anamoph of 

Colletotrichum gloeosporioides species 

complex [4]) was isolated from naturally 

infected susceptible tea plants (TV-22) in 

Phytopathological Experimental Garden and 

subsequently was   identified (W7659) from 

the Diagnostic and Advisory Service, CABI 

Bioscience UK Center, and routinely 

subcultured on Richard’s medium agar. 

Treatment with inducer: Treatment with 

Benzothiadiazole [benzo(1,2,3) thiadiazole -

7-carbothioic acid S-methyl ester, Hi Media]  

was done by  spraying  @ 100ml per plant 

with atomizer at 5mM aqueous solution 

concentration .   

Plant inoculation: Whole plant inoculation 

technique as described by Mathur et al 

(2000) [5] was followed. Inoculation was 

done 48 h after treatment with BTH. 

Spore germination visualization: In order 

to visualize infection process on the leaf 

surface, samples of leaves, at appropriate 

time interval, were cleared for a minimum of 

24 h in a 1:1 solution of glacial acetic acid 

and 95% ethanol [6]. The leaf samples were 

then stained with 0.25% aniline blue in 

lactophenol. Leaf tissue was then examined 

with Olympus (CH20i) microscope under 

100x magnification. Photographs were taken 

by a digital camera (Cannon).  

Chitinase antibody:Polyclonal antibodies 

(PAbs) were raised against chitinase (Sigma) 

in New Zealand white male rabbits as per 

standard protocol [7]. 

SDS-PAGE (Sodium Dodecyl 

Polyacrylamide Gel Electrophoresis) of 

soluble proteins: Total soluble proteins were 

extracted according to the method of 

Chakraborty et al (1995) [8] from untreated 

healthy, untreated inoculated, treated healthy 

and treated inoculated tea plants. Protein was 

run on SDS-PAGE by a standard procedure 

[9]. 

Western Blot: Western Blotting was done 

immediately after SDS-PAGE as described 

by Wakeham and White (1996)   [10]. 

RESULTS AND DISSCUSSION 

The results of G. cingulata spore germination 

and appressoria formation and germ tube 

length on induced and uninduced tea leaves   
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have been presented in Table 1.  It is clear 

from these results that in the induced 

resistant tea plants, there was suppression of 

spore germination percentage, appressoria 

formation and germ tube length. Appressoria 

are known to be very important structures in 

determining the host reaction towards the 

pathogen especially in case of Colletotrichum 

spp [11]. It is well known that percentage of 

spore germination and germ tube length 

growth rate are important factors in fungal 

pathogenesis. 

Benzothiadiazole-treated tea plants showed 

formation of chlamydospores from conidia 

(Figure 1 E), sites of HR (Hypersensitive 

Response)-like response (Figure 1 F) and 

sites of attempted penetration (Figure 1 H) 

on the surface of leaves. Chlamydospores are 

thick walled resting structures produced in 

many fungi during unfavourable conditions 

[12, 13]. These structures are known to be 

formed under unfavourable conditions and 

can be derived from fungal hyphae or 

directly from conidium [14]. Sites of 

attempted penetration are more characteristic 

of non-adapted (or non-host) plant pathogens 

[15], which in this case is incompatible 

reaction due to induction of resistance. 48 

hours after inoculation there was heavy 

colonization of tea leaf tissues of untreated 

plants (Figure 1 D). 

SDS-PAGE of Untreated Inocualted plants 

and Treated Inoculated plants exhibited one 

extra band of  a low molecular weight protein 

with ca 12 kDa  that was absent in the 

untreated healthy and untreated inoculated 

plants.  This protein may have some function 

in the protection of plants against pathogen. 

It is well-known that many low molecular 

weight pathogenesis-related proteins 

accumulate especially in the incompatible 

reactions [16]. The separated proteins were 

next blotted on to Nitrocellulose membrane 

and probed with PAb of chitinase.  A distinct 

with molecular weight ca 29 kDa, especially 

in the treated inoculated plants (Figure 1 C), 

is visible on the blot. Thus chitinase showed 

involvement in defense reaction of tea plants 

associated with induced resistance, which 

supports the findings by Gupta et al (2012) 

[17], who reported chitinase of 32 kDa 

induced to a greater extend in case of 

resistant cultivar than the susceptible one.   

 
Table 1: Effect of induced resistance on spore germination, percentage appressoria formation and germ tube length of G. 

cingulata on tea leaf surface (TV-22) 

Treatment % spore germination % appressoria formationa Germ tube length (µm)b 
Untreated Inoculated 73.1 ± 3.2 66.8 ± 2.2 61.2 ± 2.8 

BTH-treated Inoculated 57.4 ± 2.7 22.7 ± 5.2 44.6 ± 3.3 
Means ± SE, n=3; Incubation temperature ± 25oC. R.H. 90%; a Average of 300 spores per experiment; bAverage of 60 

germlings per experiment 
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Figure 1: Progress of G.cingulata spore germination in untreated (A-D) and BTH-treated (E-H) tea plants (TV-22)  leaves 

at 6h(A&B), 18h(B&F) , 24h(C&G) and 48h(D&H) post inoculation 
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Figure 2: SDS-PAGE (A) and Western Blot with PAb of chitinase (B) in untreated healthy (UH), untreated inoculated 

(UI), treated healthy (TH) and treated inoculated (TI) tea leaf tissues. Black arrow indicates protein band of ca 12 kDa. 
Red arrow indicates a band of ca 32 kDa 

NOTE: Figures on the left indicate Molecular Marker Weight in kDa 
 
CONCLUSION 

The present findings elucidate the 

mechanism of action of resistance induced 

with benzothiadiazole in tea plants against 

Glomerella cingulata. In planta observations, 

detection of an extra protein band   ca 12 

kDa) via SDS-PAGE and chitinase (ca 32 

kDa) detection via Western Blot indicate the 

involvement of SAR (Systemic Acquired 

Resistance). 
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