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3.1. Plant materials 
Plant materials were used for two distinct purposes in this study, one as 
experimental host plants for studies on plant-pathogen interactions and 
the other for extracting botanicals that were used in pathogen control 
experiments. The details of the obtained plant materials are described 
below. 
3.1.1. Host plants 
3.1.1.1. Collection and selection of bottle gourd plants  
Two varieties of packaged bottle gourd seeds (Gadda-1 and Local variety) 
were collected from the local agricultural shops of Siliguri, West Bengal, 
India. The selection was based on the fact that these varieties grow well in 
the agro-climatic conditions of North Bengal and are widely cultivated by 
the farmers in the region of this study. Healthy bottle gourd fruits were 
also procured from the farmers for disease induction studies. 
3.1.1.2. Maintenance of bottle gourd plants 
Selected bottle gourd varieties were cultivated both in pots and fields of the 
experimental garden of the Department of Botany, University of North 
Bengal. Round earthen pots (30 cm diameter) were filled with 3.0 kg of soil 
mixture. The soil mixture was prepared by adding 0.5 kg of sun dried cow 
dung manure to 2.5 kg of fine dry soil. The same mixture was also used for 
preparing the experimental plots in the field for the cultivation of the bottle 
gourd plants. Seeds were surface sterilized with 0.1% mercuric chloride 
solution and then washed thrice with sterile distilled water. Sterilized seeds 
were then soaked overnight in sterilized water and subsequently sown in 
soil at one inch below the soil surface in the pots and field. One plant was 
grown in a pot and 30 cm distance was maintained between plants in a 
row and also between rows in the field. Watering was done on every 
alternate day to maintain the moist condition of the soil. Weeds were 
removed after 15 days.  
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3.1.2. Collection of plants for extraction of botanicals  
Plants or plant parts such as leaf, bark, root and rhizome were collected for 
the extraction of botanicals mainly from the social forestry sites within the 
campus of University of North Bengal. Some plants were also collected from 
the Mahananda Wild Life Sanctuary located 20 km away from the 
University. Collected Plants were identified and voucher specimens were 
deposited in the NBU herbarium, Department of Botany, University of 
North Bengal. The plants were selected based on earlier reports on their 
antifungal activity. List of plants have been presented in Table 3.1. 
Table 3.1. List of plants used for extraction of botanicals 

Name of the plant 
Plant 
parts 
used 

Reference for selection 

Azadirachta indica Leaf Ravikumar and Garampalli, 2013 
Datura metel Leaf Ravikumar and Garampalli, 2013 
Piper betle Leaf Johnny et al. (2011) 
Ocimum sanctum Leaf Bansod and Rai (2008) 
Holarrhena antidysenterica Leaf Ahmad et al., 1998 
Murraya koenigii Leaf Deepak et al. (2005) 
Leucas aspera Leaf Sasidharan et al., 1998 
Mangifera indica Leaf Kanwal et  al.,  2010 
Lagerstroemia speciosa Leaf  Lai et al., 2016 
Boerhavia diffusa Leaf Das, 2012 
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3.2. Microorganisms 
3.2.1. Pathogenic fungi 
3.2.1.1. Field survey and collection of disease samples 
A survey was conducted on the occurrence of diseases in bottle gourd 
fruits in five districts (Darjeeling, Jalpaiguri, Alipurduar, Coochbehar and 
Uttar Dinajpur) of sub-Himalayan West Bengal. Altogether 4 surveys were 
done during 2013-2014 where 100 fruits were observed randomly in each 
survey in the large open cultivation fields measuring at least 10,000 square 
feet. Numbers of affected fruits were counted and the percentage of infected 
fruits was computed. Results of 4 surveys were averaged.  

Bottle gourd fruits exhibiting fruit rot conditions of various 
intensities were randomly collected from different bottle gourd cultivation 
fields located in Islampur, Naxalbari, Mohitnagar, Kamakhyaguri, Dinhata 
and Khoribari regions within the five surveyed districts (Fig. 3.1 and 3.2). 
Several samples were collected in separate sterilized zip-packs and labeled 
appropriately (Table 3.2). The packets were then brought to the Molecular 
Plant Pathology Laboratory of University of North Bengal within 2 hours of 
collection and stored at 40C for further studies.  
3.2.1.2. Isolation of fungi  
Bottle gourd fruits showing disease symptoms were taken and the affected 
parts were carefully cut out with a sharp blade. The dissected diseased 
portions were then surface sterilized with 0.1% mercuric chloride (HgCl2) 
for 1 minute and subsequently washed with sterilized distilled water for 
four consecutive times to remove traces of HgCl2. The surface sterilized 
diseased fruit portions were then cut into 2 mm² small pieces with heat 
sterilized blade under aseptic conditions. The pieces were then transferred 
into potato dextrose agar (PDA) slants in three replicates. Some fresh 
healthy fruits were also cut into small pieces and after surface sterilization, 
transferred into PDA tubes as control. The tubes were then kept in 
incubator at 280C for 5 days (Thiyam and Sharma, 2013). 
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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) 
Dinhata, Coochbehar; (f)  Islampur, Uttar Dinajpur
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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.  

 
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) 
Kamakhyaguri, Alipurduar; (e) 
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3.2.1.3. Maintenance of stock cultures 
Cultures of isolated fungi were maintained in freshly prepared sterile PDA 
slants. Cultures were stored either at 40C or at room temperature. 
Subcultures were prepared from stored stock cultures and used for all 
experimental purposes. 
Table 3.2. Regions of collection of fruit rot samples of bottle gourd. 

Place of 
sampling 

Code assigned 
to the fungal 
isolate 

Time of 
sampling 

GIS locations 
Latitude Longitude 

Khoribari KBG-01 
KBG-02 

January-2013 26O546′N 88O176′E 

Khoribari KBG-03 July-2013 26 O549′N 88 O 191′E 
Khoribari KBG-04 August-2013 26 O543′N 88 O192′E 
Mohitnagar F/A/1 October-2013 26 O542′N 88 O681′E 
Mohitnagar L/A/1 October-2013 26 O532′N 88 O671′E 
Naxalbari N/F/1 November-

2013 
26 O671′N 88 O200′E 

Naxalbari N/L/1 November-
2013 

26 O676′N 88 O184′E 

Kamakhyaguri K/F/1 
K/L/1 

January-2014 26 O473′N 89 O713′E 

Dinhata F/A/2 April -2014 26 O091′N 89 O418′E 
Islampur MBF-03 

MBL-01 
September-
2014 

26 O215′N 88 O192′E 
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3.2.3. Antagonistic bacteria 
Antagonistic microbial strains (four bacterial strains) were used as test 
organisms for inhibiting the growth of isolated pathogenic fungi. The 
strains were obtained from Microbial Type Culture Collection (MTCC), 
Institute of Microbial Technology (IMTECH), Chandigarh. The names and 
MTCC No. of the strains used in the present study are listed in Table 3.2.  
Table 3.3. List of antagonistic microorganisms with their 
identification no.  

3.3. Pathogenicity test of isolated fungi 
3.3.1. Inoculum preparation 
Conidial suspensions prepared from the fungal isolates were used as 
inoculums. Each isolate was grown in PDA plates for 10-12 days at 280C 
for adequate sporulation. Sterile distilled water was added aseptically to 
the culture plates. The conidia were detached from the mycelia by gently 
brushing the surface of the mycelia mat with inoculation needle. The 
suspension was filtered through three layers of muslin for removing 
fragments of mycelia. The concentration of the conidial suspension was 
measured using haemocytometer and the final concentration was adjusted 
to 1×106 spores ml-1 (Saha et al., 2005a). 
 
 
 

Sl.No. Organism MTCC No. 
1 Serratia marcescens 10238 
2 Bacillus amyloliquefaciens 10439 
3 Rhizobium radiobacter 

 
9756 

4 Pseudomonas putida 672 
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3.3.2. Disease induction  
3.3.2.1. Disease induction in fruits 
Healthy fruits (1.5 kg approx.) of two varieties (Gadda 1 and Local variety) 
were freshly harvested from the cultivation fields and were thoroughly 
washed with SDW. These were pat dried with sterile blotting paper and 
placed carefully on moist blotting paper laid on large glass chambers. For 
inoculation, wounds in the form of six light scratches (2-5 cm) were made 
on the surface of the fruit using a sterile scalpel. Conidial suspensions 
prepared from each fungal isolate were placed carefully on the scratches. 
Sterile cotton plugs lightly moistened with conidial suspension were used 
to cover the inoculated wounds. Three fruits were inoculated by each 
isolate. A set of three fruits that received sterile distilled water instead of 
conidial suspension served as control. The glass chambers were covered 
with perforated polythene sheets and kept at 280C with 12 h photoperiod in 
a plant growth chamber. The inoculated fruits were observed for 
appearance of disease symptoms daily. Disease assessment was done every 
alternate day and the data were recorded. 
3.3.2.2. Disease induction in leaves of whole plant 
Disease induction in whole plants was done following the method of 
Dickens and Cook (1989). For this, well established bottle gourd plantlets 
(1 month old) raised from seeds of two varieties (Gadda 1 and Local variety) 
grown in pots were taken. The experimental plants were inoculated by 
spraying a pure conidial suspension (containing 0.05% tween 20) prepared 
from each fungal isolate. Each fungus was inoculated separately in 
separate experimental sets. Three plants were taken in each set. Plants in 
the control set were sprayed by sterile distilled water. Immediately after 
inoculation, the pots were shifted to perforated transparent polythene 
chambers, previously mist-sprayed with sterile distilled water for 
maintaining high humidity. After two days, the plants were removed from 
the chamber and grown in green house under natural light and 
temperature with normal soil surface watering. Humidity was maintained 
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by spraying sterile distilled water at intervals. The whole experiment was 
repeated thrice. 
3.3.3. Disease assessment 
3.3.3.1. Assessment in Fruits 
Four different disease grades were assigned to the symptoms which 
appeared on the fruits after inoculation. Where no browning was found, the 
grade was assigned as ‘0’; when browning just started it was assigned as 
‘+’; when browning turned to deep brown then it was assigned as ‘++’. 
Finally, when the parallel deep brown lines coalesced, it was graded as 
‘+++’.     
3.3.3.2. Assessment in leaves of whole plants 
Assessment of disease in leaves of bottle gourd seedlings was done after 2, 
4, 6, 8 and 10 days of inoculation. The diameters of each lesion were 
measured and number of lesions developed on the leaves was noted. The 
results were computed following the method of Sinha and Das (1972). The 
sizes of lesions were categorized into four groups and a value was assigned 
to each group as follows:  

 Very small-restricted lesions of 1-2 mm diameter = 0.1   
 Lesions with sharply defined margins of 2-4 mm diameter = 0.25 
 Slow spreading lesions of 4-6 mm diameter = 0.5 
 Spreading lesions of variable size (beyond 6 mm in diameter) with 

diffused margin= 1.0  
The number of lesions in each group was multiplied by the value assigned 
to it and the sum total of such values was noted. Disease index was 
calculated as the mean of observations on three plants per treatment and 
data was computed as mean disease index per plant. 
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3.3.4. Verification of Koch’s postulations 
Koch’s postulations were verified in order to confirm that the fungal 
isolates were the causative organisms of fruit rot disease in bottle gourd.  
For this, each fungus was tested for its ability to induce fruit rot disease in 
healthy bottle gourd fruits. Thereafter, the pathogens were re-isolated from 
the experimentally diseased fruits and their identities were matched with 
the fungal isolates.  

Healthy fruits were inoculated by conidial suspension (1×106 
conidia/ml) prepared from 10 d old cultures of the fungal isolates in PDA 
plates as stated above in section 3.3.2. After 10 days of inoculation, when 
disease symptoms were evident on the fruits, infected portions of the fruits 
were cut out with a sterile sharp blade.  The infected fruit parts were 
surface sterilized with 0.1% HgCl2 for 1min, and washed thoroughly (at 
least thrice) with sterile distilled water. The surface sterilized parts were 
then cut into small species and finally transferred aseptically into sterile 
PDA slants. The slants were incubated at 280C and were observed until 
sporulation (10-12 days). Sporulated cultures were subjected to 
microscopic studies following staining with cotton-blue in lactophenol as 
stated earlier. The identity of the re-isolated fungi was confirmed by 
comparing it with the original fungal isolates.  If an organism was 
consistently re-isolated then it was treated as a pathogen.  

Similarly Koch’s postulations were verified after inducing leaf 
infections in bottle gourd seedlings. Inoculation was done by spraying the 
plants with conidial suspension (1×106 conidia/ml) and the pathogen was 
re-isolated after 10 days from infected leaves. For this, diseased portion 
was cut into pieces, surface sterilized and each piece was transferred into 
sterile PDA slants. The isolated pathogen was studied microscopically for 
its morphological features and spore characters. The culture 
characteristics in PDA were also recorded. The findings were compared 
with the original isolate. If the isolated fungi were similar to the original 
isolate, then it was considered as pathogen.  
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3.4. Identification of isolated fungal pathogens 
In order to identify the isolated fungal pathogens, studies were undertaken 
on the phenotypic characters including colony characteristics and 
microscopic studies. Furthermore, phylogenetic characterization was done 
based on ribosomal RNA gene sequences that were obtained following PCR 
amplification. 
3.4.1. Studies on phenotype 
Phenotype studies included the colony morphology of each fungus and the 
morphology of their hyphae and conidial spores. Studies on cellular 
morphology were conducted under microscope. Culture morphology was 
studied by observing the culture characteristics in PDA plates. 
3.4.1.1. Colony characteristics 
In order to study the colony characteristics of the isolated fungal 
pathogens, each fungus was inoculated centrally on sterile PDA plates (9 
cm diameter) and incubated for 3-4 days at 280C for the colony to develop 
as mycelial mats. Subsequently, mycelial agar discs (4 mm) were cut with a 
sterile cork borer from the radially advancing zone of growing hyphae and 
each disc was placed at the centre on fresh sterile PDA plates. The plates 
were incubated at 280C for 10 days for adequate sporulation. Several 
culture parameters such as amount of growth, colour and texture of 
mycelia, pattern of radial growth, colour, texture and quantity of spores 
etc. were noted regularly.  
3.4.1.2. Microscopy  
A small portion of the mycelia from sporulated pure fungal cultures were 
placed on a clean greese free glass slide and stained using cotton-blue in 
lactophenol. The slides were mounted with cover glass, sealed and 
observed under compound microscope at 40X and 100X (oil immersion) 
(Olympus, India). Detailed morphological properties of the fungi such as 
septation of hyphae, type and shape of spore etc. were observed and 
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recorded. Length and breadth of spores and breadth of mycelia were also 
measured (Amadi et al., 2014).  
3.4.2. Studies on ribosomal RNA genes  
The isolated fungi were identified by phylogenetic analysis using gene 
sequences that included complete 5.8S rRNA gene and internal transcribed 
spacer region that occur between the 18S and 5.8S (ITS1) and between the 
5.8S and the 28S (ITS2) ribosomal RNA gene subunits that do not form 
part of the final ribosomal RNA. The sequences were obtained by PCR 
amplification of the target genes using genomic DNA as the template.  The 
universal forward and reverse primers were ITS1 and ITS4, which 
hybridizes with the end of the 18S rRNA gene and with the beginning of the 
28S rRNA gene respectively (White et al., 1990). 
3.4.2.1. Isolation of fungal genomic DNA 
Genomic DNA was purified from fungal cultures following CTAB method 
(Dellaporta et al. 1983) modified by Sharma et al. (2003). The fungi were 
inoculated in 25 ml PDB taken in 250 ml conical flasks for 7 days at 280C. 
Mycelia were harvested by filtering through sterile cheese cloth, washed 
twice with SDW, dried and ground to a fine powder in liquid nitrogen using 
sterile mortar and pestle.  Fungal tissue (1 gm) was homogenized in 2% 
CTAB extraction buffer (5 ml), dispensed in 1.5 ml eppendorff tubes and 
incubated at 600C for 1 hour in water bath with occasional mixing. Then, 
0.6 volume of chloroform: isoamyl alcohol (24:1) was added to each tube, 
mixed by inversion for 15 min and centrifuged at 10,000 rpm for 15 min. 
The aqueous phase was subjected to precipitation by adding 0.6 volume of 
chilled isopropanol and mixing gently for 15 mins. The precipitated DNA 
was centrifuged at 2,000 rpm for 2 minutes at 40C. The pelleted DNA was 
washed with 70% ethyl alcohol (500 µl) by centrifugation at 7,000 rpm for 
5 minutes at 40C. The purified DNA was dried overnight at room 
temperature and dissolved in 1X TE buffer (40 µl, pH 8). 
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3.4.2.2. RNase treatment 
The genomic DNA purified by CTAB method contains RNA which was 
removed by RNase treatment. RNase (60µg) was added to the genomic DNA 
dissolved in TE buffer (100µl) and incubated at 37oC for 30 minutes. 
Subsequently, equal volume of chloroform: isoamylalcohol (24:1) was 
added to the DNA solution and mixed by swirling for 5 min. The mixture 
was centrifuged at 10,000 rpm for 5 min. The resulting supernatant was 
taken in a fresh tube and chilled ethanol was added to precipitate DNA. 
The precipitated DNA was washed twice with ethanol, dried and suspended 
in 30 µl TE buffer (Maniatis et al., 1982). The purified DNA sample was 
stored at -20oC for future use. 
3.4.2.3. Quantification of DNA 
Purity of DNA was estimated by computing the A260/A280 ratio. For this, the 
absorbances at wavelengths of 260 nm and 280 nm were recorded. The 
reading at 280 nm quantifies protein the reading at 260 nm quantifies 
nucleic acid in the sample. For pure DNA, the A260/A280 value ranges from 
1.8 to 2.0. The standard value of 1 A at 260 nm corresponds to 50ng/µl of 
dsDNA. For quantification of the DNA purified from fungi, the DNA sample 
(6 µl) was diluted in 294 µl TE buffer and absorbance was recorded at 260 
and 280 nm in UV-VIS spectrophotometer (Model no. 118, Systronics, 
India). 
3.4.2.4. Gel electrophoresis 
The quality of purified genomic DNA was checked by agarose gel 
electrophoresis performed in a submarine gel electrophoresis system 
(Bangalore Genei (India) Pvt. Ltd., India). For this, agarose was suspended 
in 1X TAE buffer (0.8%) and melted in water bath until clear solution was 
obtained. Ethidium bromide (0.5 µg/ml) was added after cooling to about 
50-60 oC, mixed and poured into the gel casting tray. The gel was allowed 
to solidify and then it was completely submersed in electrophoresis tank 
containing 1X TAE running buffer. DNA samples (6 µl) mixed with gel 
loading buffer (2 µl) were loaded onto wells. Electrophoresis was run at 55-
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58 volt for 1 hour. The gel was then removed from the tank and viewed 
under UV light in a UV transilluminator (Bangalore Genei (India) Pvt. Ltd, 
Bangalor, India). Bright fluorescent orange bands indicated the presence of 
DNA. 
3.4.2.5. PCR Amplification  
PCR amplification of the internal transcribed spacer (ITS) regions including 
18S, 5.8S and 28S rRNA genes was performed using universal primers 
ITS1 (5`-TCCGTAGGTGAACCTGCGG-3`) and ITS4 (5`-
TCCTCCGCTTATTGATATGC-3`). Amplification was performed in a 25 μl 
reaction volume containing 20 ng genomic DNA from each isolate, 2.5 mM 
MgCl2, 3U Taq DNA polymerase, dNTPs (2.5 mM each) and 1 μM each of 
the forward and reverse primers in 10X Taq buffer B (Genei, Bangalore). 
DNA polymerase was added after adding all the ingredients of the mixture. 
It was subjected to initial denaturation at 940C for 5 min followed by 30 
cycles of denaturation at 940C for 30 sec, annealing at 53.50C for 30 sec, 
extension at 720C for 30 sec and a final extension at 720C for 5 min on a 
thermal cycler (Bio-Rad). 
3.4.2.6. Detection of PCR amplicons in agarose gel 
The PCR amplicons obtained by amplifying the fungal ribosomal RNA genes 
were resolved on 1% agarose gel containing ethidium bromide following 
methods described earlier (section 3.5.2.5). The molecular weight of PCR 
products were measured by using molecular weight markers (100 
bp/500bp ladder, Bangalore Genei (India) Pvt. Ltd, Bangalor, India) run 
parallel to samples. The resolved amplicons were observed under UV light 
in a UV transilluminator and photographed. The molecular weights of the 
amplicons were noted by comparing with the markers. 
3.4.2.7. Purification and sequencing of PCR products  
After obtaining the desired PCR products, they were purified using Quick 
PCR Purification Kit (Genei, Bangalore) following manufacturer’s 
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instructions. The purified amplicons were sequenced at Xcelris Genomics 
Ltd, Bangalore. Sequencing was done in both directions.  
3.4.2.8. Phylogenetic analysis 
The partial ribosomal RNA gene sequences of the pathogenic fungal strains 
were compared with available sequences of other similar strains in 
GenBank databases using the BLAST search facility at the National Center 
for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/) 
(Altschul et al., 1997). The fungal strains were thus identified as Fusarium 
incarnatum (Acc. No. KC355249) and Colletotrichum gloeosporioides (Acc. 
No. KR263845) by their ribosomal RNA gene sequences which were 
submitted to GenBank with proper annotations. The sequences were 
compared with other sequences for their sequence identity and 
phylogenetic relationship. In addition, the generated sequences of the 
Fusarium and Colletotrichum isolates were compared with similar 
sequences of Fusarium and Colletotrichum isolates reported from various 
other countries respectively. Multiple sequence alignment was carried out 
using the software Clustal W in MEGA version 6.0 (Tamura et al., 2013). 
Sequence identity matrix was generated using SDT version 1.2. (Muhire et 
al., 2014). An evolutionary tree was constructed using Neighbor-Joining 
method (Saitou and Nei, 1997). Confidence in the tree topology was 
determined by bootstrap analysis using 1000 re-samplings of the 
sequences (Felsenstein, 1985). The evolutionary distances were computed 
using the Kimura 2 parameter (Tamura et al., 2013).  
3.5. Studies on growth and physiology of the fungal pathogens 
3.5.1. Influence of different culture media on growth and sporulation 
In order to evaluate the vegetative growth and sporulation  of F. incarnatum 
and C. gloeosporioides in solid media, seven different media i.e. potato 
dextrose agar (PDA), oat meal agar (OMA), Czapek Dox agar (CDA), 
Richards’s agar (RA), yeast extract mannitol agar (YEMA), malt extract agar 
(MEA) and lagenaria dextrose agar (LDA) media were used. Each media 
taken in 9 cm Petriplates was inoculated with 4 mm mycelial agar discs 
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taken from advancing zones of mycelia of 10 days old fungal cultures in 
PDA plates (section 3.4.1.1). Experiments were performed with three 
replications. The inoculated Petri plates were incubated for 10 days at 
280C. Radial growths of mycelia were measured at 2 days intervals to 
assess the mycelial growth in different solid media. Colony diameters were 
measured in each plate and mean diameter was computed for each 
pathogen. Sporulation was graded as poor (+), fair (++), good (+++) and 
excellent (++++) by visual observation. 

For assessment of growth and sporulation in liquid medium, 
inoculums of both test fungi was prepared as mycelia agar discs from 10 
days old cultures in PDA and were used to inoculate PDB medium (50 ml) 
taken in 250 ml conical flasks. The flasks were incubated at 280C. 
Sporulation and mycelial dry weight were recorded at 5 d intervals until 25 
days.  Mycelia were harvested by straining through double-layered cheese 
cloth. The harvested mycelia were blotted dry, taken in pre-weighed 
aluminium foils, dried at 600C in a hot-air oven, cooled and the dry weights 
were measured. The whole process was done in three replicate for each 
fungus.  

For estimation of sporulation, a small portion of mycelia was taken 
in microscopic slides, stained in cotton blue-lactophenol and observed 
under microscope (section 3.4.1.2). 
3.5.2. Influence of pH on growth of fungi 
To evaluate the optimum pH for the growth of the fungi, PDB medium was 
used as growth medium. Inoculums of both test fungi prepared as mycelia 
agar discs from 10 day old cultures in PDA were transferred into conical 
flasks (250 ml), each containing 50ml of PDB medium. The media were 
adjusted to different pH ranging from 5.0-8.0 by adding 1N HCl or 1N 
NaOH. The flasks were incubated at 280C. Mycelial dry weights were 
recorded at every 5 days upto 25 days. The whole process was done in 
three replicates for each fungus and each pH value and the mean of the 
recorded weights (expressed in mg) was computed.  
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3.5.3. Influence of temperature on growth of fungi  
To evaluate the optimum temperature for the growth of the fungi, PDB 
medium (50 ml) taken in 250 ml conical flasks was inoculated by mycelial 
agar discs of each test fungus. The flasks were then incubated at different 
temperatures ranging from 50C-400C at intervals of 50C. Mycelia were 
harvested at every 5 days upto 25 days and the mecelial dry weights were 
measured. The whole process was done in three replicates for both fungi 
and for each tested temperature and the mean mycelia dry weight was 
computed. 
3.6. Preparation and application of inducer-chemicals on bottle gourd  
One month old bottle gourd plantlets (Gadda-1) were taken in pots of 30 
cm diameter. Three different chemicals viz. γ-amino butyric acid (GABA), 
benzothiadiazole (BTH), and β-aminobutyric acid (BABA) were used as 
inducers to elicit resistance in the plants. Each chemical was dissolved in 
sterile distilled water (10-3 M) and were applied separately on lower leaves 
of one month old bottle gourd plants using hand sprayer leaving 3-4 
topmost leaves. The treated plants were labeled appropriately. The elicitors 
were augmented with Tween-20 before spraying in order to ensure 
adhering. One day after treatment, treated lower leaves were challenge 
inoculated with conidial suspension (1×105 conidia/ml) of the isolated 
pathogens F. incarnatum and C. gloeosporioides in two different sets. The 
entire experiment was performed with appropriate controls in four sets 
(untreated-uninoculated, untreated-inoculated, treated-uninoculated and 
treated-inoculated) for each pathogen and for each elicitor. Plants were 
maintained in green house in a sterile environment under normal daylight 
conditions throughout the experiment to avoid contamination. Untreated 
and uninoculated upper leaves were harvested for studying expression of 
defense related enzymes after 0, 2, 4 and 6 days following inoculation by 
the pathogens. Isozyme studies and quantification of transcripts of PAL 
enzyme was done after 4 days of inoculation. Disease index was computed 
for the inoculated plants. The whole experiment was repeated thrice and 
the data were averaged. 
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In a similar experiment, bottle gourd fruits were also sprayed with 

GABA, BTH and BABA after wounding the fruit surface in the form of six 
light scratches (2-5 cm) made using a sterile scalpel. Inoculation was done 
in experimental sets (treated-inoculated and untreated inoculated) after 
one day with conidial suspension (1×105 conidia/ml) of F. incarnatum and 
C. gloeosporioides in two different sets. Three fruits were taken in each set. 
A set of three untreated and uninoculated fruits was considered as control. 
Fruits were maintained in moist glass chambers and disease index was 
calculated after 2d, 4d, 6d and 8d of inoculation. 
3.7. Extraction and estimation of defense related enzymes  
3.7.1. Peroxidase (POX, EC 1.11.1.7)  
Peroxidase activity was determined according to the methods described by 
Hammerschmidt et al. (1982). Freshly harvested bottle gourd leaves (1 gm) 
were instantly dipped in liquid nitrogen and the frozen leaves were crushed 
in 5 ml of 0.1 M sodium phosphate buffer (pH 6.5) in a pre-chilled mortar 
and pestle at 40C. The homogenate was filtered through four-layered 
muslin cloth and the resulting filtrate was centrifuged at 40 C for 15 min at 
6,000 g. The supernatant was considered as crude enzyme. For 
determining the activity of peroxidase enzyme, 1.5 ml of 0.05 M guaiacol 
was added to 200 l of crude enzyme and mixed in a cuvette. The cuvette 
was placed in a UV-VIS Spectrophotometer (Model no.118, Systronics, 
India) and the initial reading was set to zero at 420 nm. Then 100 l H2O2 
(1% v/v) was added to the cuvette and the absorbance values were 
recorded for 5 min at 1min intervals. Change in absorbance [Δ A420 min-1g-1 
fresh weight tissue] of 0.001 were considered as unit of enzyme activity.  
3.7.2. -1, 3-glucanase (EC 3.2.1.6) 
Activity of -1,3-glucanase was determined by the  method of Pan et al. 
(1991). The method is also called as laminarin-dinitrosalicylate method. 
One gram of freshly harvested bottle gourd leaves were instantly dipped in 
liquid nitrogen and after 10 min the frozen leaves were crushed in 5 ml of 
0.05 M Sodium acetate buffer (pH 5.0) at 40C in a chilled mortar and 
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pestle. The extract was then filtered through four-layered muslin cloth. The 
filtrate was centrifuged at 10,000 g at 40 C for 15 min. In order to 
determine enzyme activity, the resulting supernatant (15.6 l) which was 
used as crude enzyme was added to 15.6 l of 4% Laminarin (Sigma, USA) 
and was incubated at 400C for 10 min. The reaction was stopped by 
addition of 94 l of dinitrosalicylic acid reagent followed by heating for 5 
minutes on a boiling water bath. The final colour of the solution was 
diluted with 1 ml distilled water and absorbance values were recorded at 
500 nm in a UV-VIS Spectrophotometer (Systronics, Model no.118, India). 
Enzyme activity was expressed on fresh weight basis (nmol min–1 mg–1) 
using D-Glucose as standard. 
3.7.3. Phenylalanine ammonialyase (PAL, EC 4.3.1.5)  
PAL activity was determined as the rate of conversion of L-phenylalanine to 
trans-cinnamic acid at 290 nm as described by Sadasivan and Manickam 
(1996). Bottle gourd leaves (1 gm) were dipped in liquid nitrogen 
immediately after harvesting and the frozen leaves were crushed in 5 ml of 
0.25 M borate buffer (pH 8.7) at 40C in a chilled mortar and pestle. The 
homogenate was filtered through four-layered muslin cloth and centrifuged 
at 12,000 g for 15 min at 40C. The supernatant was used as crude enzyme 
extract. The reaction mixture contained 0.5 ml borate buffer, 1 ml of 0.1 M 
L-phenylalanine, 1.5 ml distilled water and 0.2 ml crude enzyme. The 
mixture was incubated at 300 C for 30 min. The reaction was stopped by 
adding 0.5 ml of 1 M Trichloroacetic acid. The absorbance values were 
recorded at 290 nm in a UV-VIS Spectrophotometer (Systronics, Model 
no.118, India). Enzyme activity was determined as the rate of conversion of 
L-phenylalanine to trans-cinnamic acid and expressed as Mol min-1g-1 

fresh weight using trans-cinnamic acid as standard. 
3.7.4. Chitinase (CHI, EC 3.2.1.14) 
Chitinase activity was determined according to the procedure described by 
Mahadevan and Sridhar (1982) with some modifications. Bottle gourd 
leaves (1 gm) were dipped in liquid nitrogen immediately after harvesting. 
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The frozen leaves were crushed after 10 min in 5 ml of 0.5 M sodium 
acetate buffer (pH 5.2) containing 700 mg of PVP in a chilled mortar and 
pestle at 40C and subsequently filtered through four-layered muslin cloth.  
The filtrate was centrifuged at 10,000 g at 40C for 15 min and the 
supernatant was used as crude enzyme source. The assay mixture 
contained 0.5 ml crude enzyme extract, 1ml colloidal chitin (1.8 mg/ml) 
and 0.25 ml of 0.1 M sodium acetate buffer. The mixture was incubated at 
370 C for 2 h. Distilled water (1 ml) was added to 1 ml of reaction mixture 
and boiled for 10 min in a water bath and subsequently centrifuged at 
5,000 g for 3 min. The supernatant (0.5 ml) was added to 0.1 ml of 0.8 M 
Potassium tetraborate, boiled exactly for 3 min on a water bath and cooled. 
Thereafter, 3 ml of p-dimethyl amino benzaldehyde (DMAB) reagent was 
added and incubated at 370 C for 20 min. Absorbances (585 nm) were 
recorded immediately after incubation, in a UV-VIS Spectrophotometer 
(Systronics, Model no.118, India). Enzyme activity was expressed as mg 
GlcNAc g-1 fresh weight tissue h-1.  
3.8. Estimation of protein 
Protein content was estimated with the crude enzyme extracts prepared 
from sampled bottle gourd leaves following Lowry’s method (Lowry et al., 
1951) using bovine serum albumin (BSA) as standard. The reaction 
mixture was prepared by mixing 0.1 ml of protein sample, 0.9 ml water and 
5 ml of alkaline mixture (0.5 ml 1% CuSO4, 0.5 ml 2% Na-K-tartarate, 50 
ml 2% Na2CO3 dissolved in 0.1 N NaOH) and incubated for 10 min. 
Subsequently 0.5 ml Folin-Ciocalteau’s phenol reagent (Folin-Ciocalteau’s 
phenol reagent: water :: 1:1) was added and the mixture was incubated for 
15 min. Following incubation, the absorbance was read at 710 nm in a UV-
VIS Spectrophotometer (Systronics, Model no.118, India) Protein content 
was estimated using BSA standard curve. 
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3.9. Polyacrylamide gel electrophoresis 
3.9.1. Polyacrylamide gel electrophoresis (PAGE) and in-gel enzyme 
assay 
Native polyacrylamide gel electrophoresis (PAGE) was carried out for 
studying of isoforms of peroxidase and β-1,3-glucanase enzymes. For this, 
leaf samples were collected from treated and control bottle gourd plants 
under experiment in the green house. Total soluble proteins or specific 
enzyme extracts of the sampled leaves were separated on non-denaturing 
gels. These gels were subjected to biochemical treatments specific for a 
particular enzyme for the development of coloured isoform bands. Protein 
was estimated following Lowry’s method (1951) using BSA as standard.  
3.9.2. Polyacrylamide gel electrophoresis (PAGE) 
Polyacrylamide gel electrophoresis (PAGE) was done in a mini slab gel (8×5 
cm) following the method described by Davis (1964) with necessary 
modifications. Spacers (1.5 mm) were placed between the two clean and 
dry glass plates on three sides and 1% agar solution was used to seal the 
edges. The slabs were clipped tightly to avoid leaking of the gel solution 
during casting of the gel. The gel mixture for 10% resolving gel was 
prepared by mixing the acrylamide stock solution (for resolving gel), Tris 
HCl (pH 8.9, for resolving gel), ammonium persulphate (APS, freshly 
prepared) and distilled water in the ratio 1:1:4:1. This mixture was 
carefully dispensed by a pasture pipette between the glass slabs leaving 
sufficient space for the stacking gel (1 cm). The resolving gel solution was 
over layered with water immediately after pouring and allowed to 
polymerize for 1.5-2 hours. After polymerization was complete, the water 
over layer was poured off and the gel was washed with water to remove any 
unpolymerized acrylamide. 

The stacking gel (4%) mixture was prepared by mixing the 
acrylamide stock solution (for stacking gel), Tris-HCl (pH 6.7, for stacking 
gel), riboflavin (freshly prepared) and distilled water in the ratio 2:1:1:4. 
The mixture was poured over the resolving gel and the comb was inserted 
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leaving a gap of 1 cm with the resolving gel. The gel was kept under bright 
sunlight or fluorescent light for polymerization. After solidification of the 
stacking gel, the comb was removed and the wells were washed thoroughly. 
Subsequently, the gel with the glass slabs was fitted into the 
electrophoresis apparatus. Chilled tris-glycine running buffer (pH 8.4) was 
added sufficiently in both upper and lower reservoirs of the gel apparatus. 
Bubbles, trapped at the bottom of the gel, were removed carefully with a 
bent syringe. The gel was loaded with protein samples and maintained at a 
constant current of 2.5 mAmp per well continuously for 3-4 hours at 40C 
until the dye front reached the bottom of the gel. Following electrophoresis, 
the gel was removed from the glass plates and the stacking gel was excised. 
The resolving gel was then processed for activity staining of the plant 
defense enzymes. 

Fresh tea leaves (1 gm) were taken from the plants of experimental 
jar and instantly dipped in liquid nitrogen and after 10 min the frozen 
leaves were crushed in 5 ml buffer (containing 0.1 M Tris-HCL, pH 6.8, and 
13.6% v/v glycerol). The homogenate was centrifuged at 14,000 rpm for 15 
min. The homogenate was then filtered through four-layered muslin cloth 
and the filtrate was centrifuged at 14,000 rpm for 15 min. The 
supernatants were collected and protein concentration was measured. 
Samples (25 µg protein) were loaded for PAGE analysis at 4ºC. 
3.10. In-gel activity staining for isozyme studies 
3.10.1. Peroxidase  
For studying the different forms of peroxidase isozymes, native PAGE was 
carried out on 10% polyacrylamide gels. Total soluble proteins were 
extracted from sampled bottle gourd leaves as described by Sadasivam and 
Manickam (1996) and protein concentration was measured. The protein 
samples were then loaded (25 µg) onto the wells of non-denaturing gels and 
electrophoresed at 40C. To determine peroxidase activity, the gels were 
incubated for 30 min in 0.25% guaiacol solution and subsequently 
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transferred to 0.3% H2O2 and kept for 15 min for the development of 
reddish brown bands.  
3.10.2. β-1,3-glucanase 
One gram of freshly harvested bottle gourd leaves sampled from treated 
and control sets were instantly dipped in liquid nitrogen and the frozen 
leaves were homogenized in 5 ml of 0.05 M sodium acetate buffer (pH 5.0) 
at 40C and filtered through four-layered muslin cloth. The filtrate was 
centrifuged at 10,000 g for 15 min at 40C. The supernatant was collected 
and protein concentration was measured. Samples (25 µg protein) were 
loaded for PAGE analysis at 4ºC. Following electrophoresis, β-1,3-
glucanase activity was detected on the gels by following methods described 
by Bargabus et al. (2002). Gels were incubated in 0.1M citrate buffer (pH 
4.8) containing 0.25% Laminarin at room temperature for 20 minutes. 
Then the gels were transferred to 0.1% Congo red solution and incubated 
overnight with constant shaking at room temperature. Destaining was 
done with 1 M NaCl solution. β-1,3-glucanase activity was observed by the 
formation of deep yellow-orange bands on a light  background.  
3.11. Detection and quantification of transcripts of PAL from bottle 
gourd plants by semiquantitative RT-PCR 
 3.11.1. Extraction of total RNA  
Total RNA was extracted from the leaves following the protocol of Ghawana 
et al. (2011). Firstly, 100 mg of tissue was crushed to a fine powder in 
liquid nitrogen using morter and pestle. Then 2 ml of solution 1 [Tris- 
saturated phenol, 0.1% SDS, 0.5 M EDTA and 1.6 M sodium acetate] was 
added and grinded further that would help in instantaneous denaturation 
of protein. Subsequently, 400 µl of DEPC treated RNase free water was 
added and mixed by grinding. The mixture was transferred to 2 ml micro-
centrifuge tubes and left for 5 minutes at room temperature. Then 200µl of 
chloroform was added to each tube, vortexed briefly (<10 sec) and 
incubated for 10 min at room temperature. Following incubation, the 
mixture was centrifuged at 13,000 rpm for 10 min at 4°C and the upper 
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aqueous phase was transferred into fresh tubes. Then 0.6 volumes of 
isopropanol was added, vortexed briefly (<10 sec) and left for 10 min at 
room temperature. It was again centrifuged at 13,000 rpm for 10 min at 
4°C and the supernatant was discarded.  Finally the RNA pellet was 
washed with 70% ethanol, air dried and dissolved in 20 to 50 µl of DEPC 
treated RNase free water and stored at –70°C. 
3.11.2. Agarose gel electrophoresis of total RNA  
Agarose gel Electrophoresis was done at 5V/cm in 1.2% (w/v) agarose gels 
in 1X Tris Acetic acid EDTA (TAE) buffer for 80 min for visualization of RNA 
under UV- Transilluminator (GeNei, Bengalore). 
3.11.3. RT- PCR 
First strand cDNA was synthesised from total RNA using One Step M-
MuLV RT-PCR kit (Genei, Bangalore). Two sets of gene specific degenerate 
primers PAL1-F/PAL1-R were used (Table 3.3) to amplify the phenylalanine 
ammonia lyase gene. (Genei, Bangalore) following manufacturer’s protocol. 
Reverse transcription reaction was done with oligo-(dT)18 primers, 10X RT-
PCR buffer (2 µL), RNase inhibitor (1 µL). The mixture was incubated at 
50ºC for 30 min after which the reaction was terminated by heating at 
95ºC for 5 min and the product was used as a template for PCR 
amplification. Polymerase chain reactions (PCR) were performed using a 
MJ Mini Personal Thermal Cycler (Bio-Rad) which containing 2 µl cDNA as 
templates in 25 µl reaction mixture. Other components of the reaction 
mixture were 2.5 µl RT-PCR buffer (10X), 0.5 µl Taq DNA polymerase (3 
u/µl), 1.0 µl dNTP mix (10 mM each), 1.5 µl MgCl2 (25 mM), 1.0 µl each 
Forward and Reverse primers, 2.0 µl template (cDNA) and 15.5 µl sterile 
distilled water. After amplification, the products were electrophoresed at 
5V/cm through 1.2% (w/v) agarose gels in 1X TAE (Tris acetic acid EDTA) 
buffer, and visualized under UV transilluminator following ethidium 
bromide staining of the gel (70 min in 1 µg/ml ethidium bromide). 
Expected amplicon size was measured by using standard molecular weight 
markers of DNA. For quantification of the PAL amplicons the gel was 
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scanned in  and Gel Doc™ XR+ Gel Documentation System (Bio-Rad 
Laboratories India Pvt. Ltd., Haryana, India) analyzed in Image Lab version 
5.1 (Bio-Rad Laboratories India Pvt. Ltd., Haryana, India) and transcript 
level was estimated. 
Table-3.4. Primers used for amplification of PAL gene 
Primer 
used Sequence (5’-3’) References 

PAL1-F TGGAACA(T/C)(A/C)TTTTGGATGGAA  
Shoresh et al., 2004 

PAL1-R GCTGTTTT(T/C)CTTG(C/A)TGAGATTA 
 
3.12. Evaluation of biocontrol agents for inhibition of pathogen 

growth by dual culture test 
To assay the in vitro antagonistic activity of different biocontrol agents, the 
dual culture method was performed on PDA medium as describe by 
Elkahoui et al. (2012). For the preparation of inoculums, the pathogenic 
fungal isolates were grown on PDA plates and after 7 days of incubation, 
mycelial plugs were cut out from the edge of the growing zone of the 
fungus, using a cork borer (6 mm diameter). The pieces of inoculums were 
then placed aseptically at the centre of the sterile PDA Petridishes. The 
bacterial strains were streaked in a square form around the agar disk at 2 
cm distance. Control plates were inoculated only with fungi. The 
antagonistic activity of the studied bacterial strains was estimated by the 
inhibition of the fungal growth in comparison to control. The fungal growth 
was monitored by measuring the diameter of the colony until 10 days at 
28±1°C. Percent inhibition of fungal growth was calculated as [(radial 
growth in control - radial growth in dual culture plate)/ (radial growth in 
control)] × 100. Each bacterial strain was tested in three different plates 
and the experiment was carried out thrice for each pathogen. Mean 
percentage inhibition was calculated. 
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3.13. Evaluation of botanicals for inhibition of pathogen growth 
3.13.1. Extraction of botanicals 
Extracts of the plant parts were done following the method of Mahadevan 
and Sridhar (1982) with some modifications. Fresh plant parts were 
collected and washed thoroughly with sterile distilled water and dried at 
room temperature. Plant materials were weighed, ground to dust in liquid 
nitrogen and were then extracted separately with sterile distilled water and 
50% ethanol (0.5 gm/ml). The extracts were filtered through four-layered 
muslin cloth and centrifuged at 5,000 g for 15 minutes. The supernatants 
of the extracts were sterilized by passing through a Millipore filter (0.2 µm). 
All extracts were stored at 40C. The extracts were screened for their 
antifungal activity through bioassays.  
3.13.2. Bioassay by poisoned food technique  
One millilitre of plant extract was added to 9 ml of the molten sterile PDA 
medium, mixed well and poured in sterile Petridish (90 mm diameter). The 
plates were allowed to solidify. In control plates, 1 ml of sterile distilled 
water was added instead of plant extracts. Both experimental and control 
plates were inoculated with the pathogen and incubated for required 
period. Radial growth of the pathogen was measured after 7 days of 
inoculation. Percent inhibition of fungal growth was calculated as [(radial 
growth in control - radial growth in extract ammended plate)/ (radial 
growth in control)] × 100. Each extract was tested thrice against each 
pathogen and the data was averaged. 
3.14. Statistical analysis 
Statistical analysis was done in MS Excel 2007. Standard error was also 
calculated using this software.  




