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Fig. 1.1 (a) Cultivated bottle gourd in farmer’s field; (b) Diseased bottle 

gourd fruits in farmer’s field; (c) Diseased samples showing 
fungal Infection in bottle gourd fruits 

Fig. 3.1 Map showing different areas of collection of diseased bottle 
gourd plant samples in sub-Himalayan West Bengal region 

Fig. 3.2 Regions of collection of infected bottle gourd plant parts from 
different districts of North Bengal. The green cones showing 
the collection spots. (a) Khoribari, Darjeeling; (b) Mohitnagar, 
Jalpaiguri; (c) Naxalbari, Darjeeling; (d) Kamakhyaguri, 
Alipurduar; (e) Dinhata, Coochbehar; (f)  Islampur, Uttar 
Dinajpur 

Fig. 4.1 Naturally infected bottle gourd plants in the cultivation fields 
of different areas; (a) from Khoribari, Darjeeling; (b) from 
Mohitnagar, Jalpaiguri; (c) from Naxalbari, Darjeeling; (d) from 
Kamakhyaguri, Alipurduar; (e) from Dinhata, Coochbehar; (f) 
from Islampur, Uttar Dinajpur 

Fig. 4.2 Fungal infection within and outside of the fruits.  Bottle gourd 
fruit rot caused by Fusarium incarnatum (a-d) and 
Colletotrichum gloeosporioides (e and f) 

Fig. 4.3 (a-f) Infected bottle gourd fruits in different farmers’ fields of 
the present study area caused either by Fusarium incarnatum 
or by Colletotrichum gloeosporioides or by both 

Fig 4.4  Bottle gourd fruit in glass chambers (a) control without 
scratch; (b) control with scratches done by sterile needle; (c) 
scratched and inoculated by spore suspension of a pathogen 
soaked in sterile absorbent cotton wool 

Fig 4.5 Fruits inoculated by Colletotrichum gloeosporioides; (a) Control 
(Gadda-1) after 10 days of inoculation; (b) coalescence started 
and brown patch found to appear after 10 days of inoculation; 
(c) control (local variety) after 10 days of inoculation; (d) Deep 
brown lines found to occur after 10 days of inoculation 

Fig. 4.6 Fruits inoculated by Fusarium incarnatum; (a) Control (Gadda-
1) after 10 days of inoculation; (b) Brown lines started 
coalescence after 10 days of inoculation; (c) control (local 
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variety) after 10 days of inoculation; (d) Deep brown lines 
found after 10 days of inoculation 

Fig. 4.7 Whole plant inoculation of Lagenaria siceraria. (a) Healthy 
Gadda-1 plant sprayed with sterile distilled water; (b) Healthy 
Local variety sprayed with sterile distilled water; (c) Infected 
plant following inoculation of Colletotrichum gloeosporioides. 
Disease symptoms are visible in the margin of leaves; (d) Local 
variety infected with Fusarium incarnatum. Brown necrotic 
symptoms visible within white mycelial infestation 

Fig. 4.8 Pure culture of both of the pathogenic isolates in PDA plates 
and slant.  (a) and (b) 7 day old culture of Colletotrichum 
gloeosporioides in Petriplate and slants; (c) and (d) 7 day old 
culture of Fusarium incarnatum in Petriplate and slants 

Fig. 4.9 Microscopic field (100X) showing spores of the fungal isolates. 
(a) Colletotrichum gloeosporioides spores attached with 
mycelium, (b) Fusarium incarnatum spores showing 
macroconidia and microconidia 

Fig. 4.10 Nucleotide sequence identity matrix of C. gloeosporioides of the 
present study and other Colletotrichum species following 18S 
rRNA sequence analysis. Identity percentages are indicated on 
the right side corner of the matrix 

Fig. 4.11 Nucleotide sequence identity matrix of C. gloeosporioides of the 
present study and C. gloeosporioides isolates from different 
countries following 18S rRNA sequence analysis. Identity 
percentages are indicated on the right side corner of the matrix 

Fig. 4.12 Phylogenetic tree generated by neighbour joining of different 
Colletotrichum species. Values at the nodes indicate percentage 
of bootstrap support (out of 1000 bootstrap replicates) and are 
indicated if greater than 50. GenBank accession numbers 
along with the collection spot of the viruses have been 
indicated at the end of each branch 

Fig. 4.13 Phylogenetic tree generated by neighbor joining of C. 
gloeosporioides isolates from different countries. Values at the 
nodes indicate percentage of bootstrap support (out of 1000 
bootstrap replicates) and are indicated if greater than 50. 
GenBank accession numbers along with the collection spot of 
the viruses have been indicated at the end of each branch 
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Fig. 4.14 Nucleotide sequence identity matrix of Fusarium sp. of the 
present study and other Fusarium species following 18S rRNA 
sequence analysis. Identity percentages are indicated on the 
right side corner of the matrix 

Fig. 4.15 Nucleotide sequence identity matrix of Fusarium sp. of the 
present study and F. incarnatum isolates from different 
countries following 18S rRNA sequence analysis. Identity 
percentages are indicated on the right side corner of the matrix 

Fig. 4.16 Phylogenetic tree generated by neighbour joining of different 
Fusarium species. Values at the nodes indicate percentage of 
bootstrap support (out of 1000 bootstrap replicates) and are 
indicated if greater than 50. GenBank accession numbers 
along with the collection spot of the viruses have been 
indicated at the end of each branch 

Fig. 4.17 Phylogenetic tree generated by neighbour joining of Fusarium 
incarnatum isolates from different countries. Values at the 
nodes indicate percentage of bootstrap support (out of 1000 
bootstrap replicates) and are indicated if greater than 50. 
GenBank accession numbers along with the collection spot of 
the viruses have been indicated at the end of each branch  

Fig. 4.18 Activity of peroxidase in treated and inoculated bottle gourd 
plants (a) BTH treated; (b) BABA treated; (c) GABA treated; 
[Control =Untreated and uninoculated; Cg = C. gloeosporioides 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
BTH treated; BTH+I = BTH treated and Cg Inoculated plants; 
BABA+I = BABA treated and Cg inoculated plants; GABA+I =  
GABA treated and Cg inoculated plants] 

Fig. 4.19 Activity of peroxidase in treated and inoculated bottle gourd 
plants (a) BTH treated; (b) BABA treated; (c) GABA treated; 
[Control =Untreated and uninoculated; Fi= F. incarnatum 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
BTH treated; BTH+I = BTH treated and Fi inoculated plants; 
BABA+I = BABA treated and Fi inoculated plants; GABA+I =  
GABA treated and Fi inoculated plants] 

Fig. 4.20 Detection of induced peroxidase isoforms (POI) on PAGE. C = 
‘untreated-uninoculated’ control plants; I = inoculated plants; 
BTH = BTH treated plants; BABA = BABA treated plants; GABA 
= GABA treated plants BTH+I = BTH treated and Inoculated 



xxii 
 

plants; BABA+I = BABA treated and inoculated plants; GABA+I 
= GABA treated and inoculated plants. 

Fig. 4.21 Activity of β-1,3-glucanase in treated and inoculated bottle 
gourd plants (a) BTH treated; (b) BABA treated; (c) GABA 
treated; [Control =Untreated and uninoculated; Cg = C. 
gloeosporioides inoculated; GABA= GABA treated; BABA = 
BABA treated; BTH= BTH treated; BTH+I = BTH treated and Cg 
inoculated plants; BABA+I = BABA treated and Cg inoculated 
plants; GABA+I =  GABA treated and Cg inoculated plants] 

Fig. 4.22 Activity of β-1,3-glucanase in treated and inoculated bottle 
gourd plants (a) BTH treated; (b) BABA treated; (c) GABA 
treated; [Control =Untreated and uninoculated; Fi= F. 
incarnatum inoculated; GABA= GABA treated; BABA = BABA 
treated; BTH= BTH treated; BTH+I = BTH treated and Fi 
Inoculated plants; BABA+I = BABA treated and Fi inoculated 
plants; GABA+I =  GABA treated and Fi inoculated plants] 

Fig. 4.23 Detection of β-1,3glucanaseon PAGE; C = ‘untreated-
uninoculated’ control plants; I = inoculated plants; BTH = BTH 
treated plants; BABA = BABA treated plants; GABA = GABA 
treated plants BTH+I = BTH treated and Inoculated plants; 
BABA+I = BABA treated and inoculated plants; GABA+I = 
GABA treated and inoculated plants. 

Fig. 4.24 Activity of chitinase in treated and inoculated bottle gourd 
plants (a) BTH treated; (b) BABA treated; (c) GABA treated; 
[Control =Untreated and uninoculated; Cg= C. gloeosporioides 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
BTH treated; BTH+I = BTH treated and Fi Inoculated plants; 
BABA+I = BABA treated and Fi inoculated plants; GABA+I =  
GABA treated and Fi inoculated plants] 

Fig. 4.25 Activity of chitinase in treated and inoculated bottle gourd 
plants (a) BTH treated; (b) BABA treated; (c) GABA treated; 
[Control =Untreated and uninoculated; Fi= F. incarnatum 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
BTH treated; BTH+I = BTH treated and Fi Inoculated plants; 
BABA+I = BABA treated and Fi inoculated plants; GABA+I =  
GABA treated and Fi inoculated plants] 

Fig. 4.26 Activity of PAL in treated and inoculated bottle gourd plants (a) 
BTH treated; (b) BABA treated; (c) GABA treated; [Control 
=Untreated and uninoculated; Cg= C. gloeosporioides 
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inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
BTH treated; BTH+I = BTH treated and Fi Inoculated plants; 
BABA+I = BABA treated and Fi inoculated plants; GABA+I =  
GABA treated and Fi inoculated plant] 

Fig. 4.27 Activity of PAL in treated and inoculated bottle gourd plants (a) 
BTH treated; (b) BABA treated; (c) GABA treated; [Control 
=Untreated and uninoculated; Fi= F. incarnatum inoculated; 
GABA= GABA treated; BABA = BABA treated; BTH= BTH 
treated; BTH+I = BTH treated and Fi Inoculated plants; 
BABA+I = BABA treated and Fi inoculated plants; GABA+I =  
GABA treated and Fi inoculated plants] 

Fig. 4.28 Visualization of total RNA from bottle gourd leaves in 1.2% 
(w/v) agarose gel under UV transilluminator. [C = ‘untreated-
uninoculated’ control plants; I = C. gloeosporioides inoculated 
plants; BTH = BTH treated plants; BABA = BABA treated 
plants; BTH+I = BTH treated and C. gloeosporioides inoculated 
plants; BABA+I = BABA treated and C. gloeosporioides 
inoculated plants] 

Fig. 4.29 Agarone gel electrophoresis showing PCR amplified PAL gene 
product from bottle gourd leaves after purification. [C = 
‘untreated-uninoculated’ control plants; I = C. gloeosporioides 
inoculated plants; BTH = BTH treated plants; BABA = BABA 
treated plants; BTH+I = BTH treated and C. gloeosporioides 
inoculated plants; BABA+I = BABA treated and C. 
gloeosporioides inoculated plants] 

Fig. 4.30 Graphical representation of PAL Transcript accumulation. [C = 
‘untreated-uninoculated’ control plants; I = C. gloeosporioides 
inoculated plants; BTH = BTH treated plants; BABA = BABA 
treated plants; BTH+I = BTH treated and C. gloeosporioides 
inoculated plants; BABA+I = BABA treated and C. 
gloeosporioides inoculated plants] 

Fig. 4.31 Control of Colletotrichum gloeosporioides using different 
bacterial antagonists 
a) Culture of control plate (C. gloeosporioides) 
b) Dual culture of S. marcescens and C. gloeosporioides 
c) Dual culture of P. putida and C. gloeosporioides 
d) Dual culture of B. amyloliquefaciens and C. gloeosporioides 
e) Dual culture of R. radiobacter and C. gloeosporioides 
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Fig. 4.32 Control of Fusarium incarnatum using different bacterial 
antagonists 
a) Culture of control plate (F. incarnatum) 
b) Dual culture of S. marcescens and F. incarnatum 
c) Dual culture of P. putida and F. incarnatum 
d) Dual culture of B. amyloliquefaciens and F. incarnatum 
e) Dual culture of R. radiobacter and F. incarnatum 

Fig. 4.33 Effect of different botanicals on growth of Colletotrichum 
gloeospoiroides after 6 days of incubation after treatment with 
(b) Azadirachta indica; (c) Datura metel and (d) Piper beetle leaf 
extract using poisoned food technique. (a) Control 

Fig. 4.34 Effect of different botanicals on growth of Fusarium incarnatum 
after 6 days of incubation after treatment with (b)  Azadirachta 
indica; (c) Holarrhena antidysenterica and (d) Murraya koenigii 
leaf extract using poisoned food technique. (a) Control 

  




