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Fig 1.1: (A) Map of West Bengal. (B) Four districts of northern part of West 
Bengal (The present study area) where tea is grown as an 
important cash crop. 

Fig. 1.2:  Different views of Gayaganga Tea State, Siliguri; (A) Ten years old 
tea plants. (B) Nursery for raising clonal tea plants. (C) Nursery for 
raising tea plants from seeds. (D) 25 years old tea plants 
Gayaganga Tea State, Siliguri. 

Fig. 1.3: Naturally infected tea plants. (A) & (B) Brown blight of tea. (C) Leaf 
spot disease of tea. 

Fig. 3.1:  A) Tea seeds TS-520 being raised in sand-soil mixture in a tray in 
the net house of the experimental garden of University of North 
Bengal after 30 days of sowing; B) Seedlings of TS-520 after 45 
days of sowing. 

Fig. 3.2:  A) Tea seeds of TS-463 being raised in sand-soil mixture in a tray 
in the net house of the experimental garden of University of North 
Bengal after 90 days of sowing; B) Seedlings of TS-463 after 120 
days of sowing.  

Fig. 4.1: Pathogenicity test by detached leaf inoculation showing black 
lesions. 

Fig. 4.2: Activity of phenylalanine ammonia-lyase in tea inoculated with C. 
gloeosporioides and pretreated with different abiotic inducers (A) 
BTH; (B) BABA; (C) GABA. 

Fig. 4.3: Activity of ß-1,3-glucanase in tea inoculated with C. 
gloeosporioides and pretreated with different abiotic inducers (A) 
BTH; (B) BABA; (C) GABA. 

Fig. 4.4: Activity of peroxidase in tea inoculated with C. gloeosporioides and 
pretreated with different abiotic inducers (A) BTH; (B) BABA; (C) 
GABA. 

Fig. 4.5: A) Extracted total RNA on 1% agarose gel. B-D) Amplified RT-PCR 
product of PAL gene (B); CHS gene (C) and APX gene (D) on 1% 
agarose gel [L1: 100 bp DNA ladder, L2-L5: amplified gene 
product]. 
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Fig. 4.6: Sequence identity matrix of isolated PAL gens with other PAL gene 
sequences of Camellia sp.  Identity percentage corresponding to the 
colour matrix is indicated in the right-hand side of the figure. 

Fig. 4.7: Phylogenetic relationship of present isolated PAL gene with the 
other PAL gene sequences of Camellia sp. published in the 
GenBank using the neighbor joining method. Numbers at the 
nodes indicate the bootstrap percentage scores out of 1000 
replicates. 

Fig. 4.8: Sequence identity matrix of isolated CHS gens with other PAL gene 
sequences of Camellia sp.  Identity percentage corresponding to the 
colour matrix is indicated in the right-hand side of the figure. 

Fig. 4.9: Phylogenetic relationship of present isolated CHS gene with the 
other CHS gene sequences of Camellia sp. publish in the GenBank 
using the neighbor joining method. Numbers at the nodes indicate 
the bootstrap percentage scores out of 1000 replicates. 

Fig. 4.10: A) Sequence identity matrix; B) Phylogenetic tree of present 
isolated APX gens with other APX gene sequences of Camellia sp.  
Identity percentage corresponding to the colour matrix is indicated 
in the right-hand side of the figure. 

Fig. 4.11: (A) Relationship between effective number of codons (Nc) and GC3 
contents; (B) Neutrality plot analysis of GC1/GC2 contents and 
GC3 contents; (C) Contribution of two major axis (Axis1 and 
Axis2); (D) Correspondence analysis of codon usage pattern. 

Fig. 4.12: Correlation between effective number of codons (Nc) of APX gene 
with A) adenine at 3rd codon position (A3), B) length of amino acid 
(L_aa), C) Axis1 and D) GC content at 1st codon position (GC1). 

Fig. 4.13: Correlation between effective number of codons (Nc) of CHS gene 
with A) adenine at 3rd codon position (A3), B) GC content at 2nd 
codon position (GC2), C) hydropathicity (Gravy), D) length of 
synonymous codons (L_sym), E) length of amino acid (L_aa), and F) 
Axis4. 

Fig. 4.14: Correlation between effective number of codons (Nc) of PAL gene 
with A-B) cytosine and guanine at 3rd codon position (C3 and G3), 
C) codon bias index (CBI), D) frequency of optimal codon (Fop), E-
F) GC content at 1st and 3rd  codon position (GC1 and GC3), G) 
length of synonymous codons (L_sym) and H) hydropathicity 
(Gravy). 

Fig. 4.15: Correlation between effective number of codons (Nc) of PAL gene 
with A-B) thymine and adenine at 3rd codon position (T3 and A3), 
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C) GC content at 2nd codon position (GC2), D) percentage of GC 
(%GC), E) aromaticity (Aromo) and F) Axis1. 

Fig. 4.16: Agarose gel electrophoresis of amplified RT-PCR product of A) PAL 
gene and B) plant actin gene [M: molecular marker, C0-C7: control 
after every one day intervals from 0 day to 7 days, I0-I7: pathogen 
inoculated after every one day intervals from 0 day to 7 days, T0-
T7: BTH treated after every one day intervals from 0 day to 7 days, 
TI0-TI7: treated-inoculated after every one day intervals from 0 day 
to 7 days]. 

Fig. 4.17: Expression analysis of PAL transcripts levels in tea plants by Real-
time PCR after BTH treated, inoculated (with C. gloeosporioides 
and C. eragrostidis) and BTH treated-inoculated. 

 
Fig. 4.18: Radial growth inhibition of C. gloeosporioides by aqueous solution 

of A) Datura metel, C) Azadirachta indica, E) Leucas indica, G) 
Boerhavia diffusa, I) Lagerstroemia speciosa; 50% ethanolic 
solution of B) Datura metel, D) Azadirachta indica, F) Leucas indica, 
H) Boerhavia diffusa, J) Lagerstroemia speciosa and K) Radial 
growth of C. gloeosporioides (grown in PDA not amended with leaf 
extract). 

 
Fig. 4.19: Radial growth inhibition of C. gloeosporioides by aqueous solution 

of B) Clerodendrum viscosum, C) Ricinus communis, E) Polyalthia 
longifolia, G) Casuarina equisetifolia; 50% ethanolic solution of F) 
Clerodendrum viscosum, D) Ricinus communis, H) Polyalthia 
longifolia, I) Casuarina equisetifolia, and A) Radial growth of C. 
gloeosporioides (grown in PDA not amended with leaf extract). 

 
Fig. 4.20: A) Radial growth of C. gloeosporioides in PDA (control); growth of C. 

gloeosporioides co-cultured with B)Trichoderma harzianum; C) 
Bacillus pumilus; D) Bacillus megaterium; E) Bacillus subtilis . 

 
 


