
Studies on some leaf and fruit diseases of 
Lagenaria siceraria (Molina) Standl. and 

their management 
 
 
 
 
 

Thesis submitted to the University of North Bengal 
for the Award of Doctor of Philosophy 

in Botany 
 
 
 
 

Submitted by 
Arnab Saha 

 
 
 
 Supervisor Prof. Aniruddha Saha  Co- Supervisor Dr. Dipanwita Saha  
 
 
 

Department of Botany University of North Bengal November, 2017 



i 
 

CONTENTS 
 
TOPIC                      PAGE NO. 
Declaration                  vi 
Certificate                   vii-viii 
Acknowledgement                 ix 
Abstract                x-xiv 
Preface                xv 
List of Tables                  xvi-xviii 
List of Figures               xix-xxiv 
List of appendices               xxv 
Abbreviations                 xxvi-xxvii 
 

1. Introduction         1-8 
2. Literature review                     9-36 

2.1. Diseases of bottle gourd      10 
   2.1.1. Diseases caused by fungi     11 
   2.1.2. Diseases caused by bacteria, viruses and  16 

other agents 
2.2. Identification of fungal pathogens    18 
2.3. Colletotrichum gloeosporioides, the fruit and   19 

vegetable pathogen 
 2.4. Fusarium incarnatum, the soil borne pathogen  24  
 2.5. Induction of systemic resistance     28 
 2.6. Inhibition of pathogenic microorganisms by   34 

biocontrol agents and botanical extracts 
3. Materials and methods       37-63 
 3.1. Plant materials       38 
    3.1.1. Host plants       38 

      3.1.1.1. Collection and selection of bottle gourd   38 
plants 

      3.1.1.2. Maintenance of bottle gourd plants   38 



ii 
 

   3.1.2. Collection of plants for extraction of   39 
Botanicals 

3.2. Microorganisms       40 
   3.2.1. Pathogenic fungi      40 
   3.2.2. Isolation of fungi      40 
       3.2.1.1. Collection of disease samples    40 
       3.2.1.2. Isolation of fungi      40 
       3.2.1.3. Maintenance of stock cultures   43 
   3.2.3. Antagonistic bacteria      44 
3.3. Pathogenicity test of isolated fungi    44 
   3.3.1. Inoculum preparation      44 
   3.3.2. Disease induction      45 
       3.3.2.1. Disease induction in fruits    45 
       3.3.2.2. Disease induction in leaves of whole   45 

plant 
   3.3.3. Disease assessment      46 
       3.3.3.1. Assessment in Fruits     46 
       3.3.3.2. Assessment in leaves of whole plants  46 
   3.3.4. Verification of Koch’s postulations    47 
3.4. Identification of isolated fungal pathogens   48 
   3.4.1. Studies on phenotype      48 
       3.4.1.1. Colony characteristics     48 
       3.4.1.2. Microscopy       48 
   3.4.2. Studies on ribosomal RNA genes    49 
       3.4.2.1. Isolation of fungal genomic DNA   49 
       3.4.2.2. RNase treatment      50 
       3.4.2.3. Quantification of DNA     50 
       3.4.2.4. Gel electrophoresis     50 
       3.4.2.5. PCR Amplification     51 
       3.4.2.6. Detection of PCR amplicons in agarose  51 

gel 
 



iii 
 

      3.4.2.7. Purification and sequencing of PCR   51 
products 

      3.4.2.8. Phylogenetic analysis     52 
3.5. Studies on growth and physiology of the fungal  52 

pathogens 
   3.5.1. Influence of different culture media on   52 

growth and sporulation 
   3.5.2. Influence of pH on growth and sporulation  53 
   3.5.3. Influence of temperature on growth of fungi  54 
3.6. Preparation and application of inducer   54 

chemicals on bottle gourd plants 
3.7. Extraction and estimation of defense related   55 

enzymes 
     3.7.1. Peroxidase (POX, EC 1.11.1.7)    55 

    3.7.2. β-1, 3-glucanase (EC 3.2.1.6)    55 
    3.7.3. Phenylalanine ammonialyase (PAL, EC 4.3.1.5) 56 
    3.7.4. Chitinase (CHI, EC 3.2.1.14)    56 
3.8. Estimation of protein      57 
3.9. Polyacrylamide gel electrophoresis    58 
    3.9.1. Polyacrylamide gel electrophoresis (PAGE) and 58 

 in-gel enzyme assay 
    3.9.2. Polyacrylamide gel electrophoresis (PAGE)  58 
3.10. In-gel activity staining for isozyme studies   59 
    3.10.1. Peroxidase       59 
    3.10.2. β-1,3-glucanase      60 
3.11. Detection and quantification of transcripts of PAL 60 

from bottle gourd plants by semiquantitative RT-PCR 
    3.11.1. Extraction of total RNA     60 
    3.11.2. Agarose gel electrophoresis of total RNA  61 
    3.11.3. RT- PCR       61 
3.12. Evaluation of biocontrol agents for inhibition of  62 

pathogen growth by dual culture test 
3.13. Evaluation of botanicals for inhibition of pathogen 63 

growth 



iv 
 

    3.13.1. Extraction of botanicals     63 
    3.13.2. Bioassay by poisoned food technique   63 
3.14. Statistical analysis       63 

4. Results          64-133 
4.1. Disease occurrence in leaves and fruits in L. siceraria 65 
4.2. Isolation of fungi and pathogenicity test   69 
   4.2.1. Pathogenicity test on bottle gourd fruits   70 
   4.2.2. Pathogenicity test on leaves of bottle gourd  74 
4.3. Morphological and Physiological characterizations of  78 

the two fungal isolates. 
    4.3.1. Studies on morphology of the pathogens  78 
    4.3.2. Culture conditions affecting growth and   81 

 sporulation of the pathogens 
      4.3.2.1. Mycelial growth and sporulation of pathogens 81 

in different solid media 
      4.3.2.2. Effect of different pH on mycelia growth of  84 

the pathogens 
      4.3.2.3. Effect of different incubation temperatures  84 

on mycelia growth of the pathogens 
4.4. Molecular Identification of the two isolates and their 89 

phylogenetic analysis 
   4.4.1. Molecular identification of two fungal pathogens 89 

(isolates) 
   4.4.2. Phylogenetic analysis of the two fungal isolates 89 
4.5. Induction of defense in susceptible bottle gourd  99 

plants (Gadda 1) by abiotic inducers and disease 
assessment against Fusarium incarnatum and 
Colletotrichum gloeosporioides 

4.6. Induction of defense-related enzymes in susceptible 102 
variety of Lagenaria siceraria by abiotic inducers 
and studies on some defense related enzymes 

   4.6.1. Activity of peroxidase (POX)     102 
   4.6.2. Activity of β-1,3-glucanase     108 
   4.6.3. Activity of chitinase      114 



v 
 

 
   4.6.4. Estimation of PAL activity in bottle gourd with   118 

abiotic inducers 
4.7. Estimation of PAL gene transcripts from Lagenaria  123 

siceraria after induction with abiotic inducers 
using semi-quantitative RT-PCR 

4.8. In vitro control of pathogenic fungal isolates   126 
C. gloeosporioides and F. incarnatum  

   4.8.1. Evaluation of some biocontrol agents for   126 
antagonistic activity  

   4.8.2. Screening of potential antifungal phytoextracts 130 
against Colletotrichum gloeosporioides and 
Fusarium incarnatum 

5. Discussion               134-148 
6. Bibliography               149-182 
7. Appendix-I: Chemicals and reagents     183 
8. Appendix-II: Buffers and solutions     187 
9. Appendix -III: Growth media      192 
10. Appendix-IV: Nucleotide sequences     195 
11. Appendix-V: List of publications      196 
  



vi 
 

 

DECLARATION 

 

I, Arnab Saha hereby declare that the work embodied in my thesis entitled “Studies on 

some leaf and fruit diseases of Lagenaria siceraria (Molina) Standl. and their 

management” has been carried out by me under the supervision of Prof. Aniruddha 

Saha, Department of Botany, University of North Bengal and Dr. Dipanwita Saha, 

Assistant Professor,  Department of Biotechnology, University of North Bengal for the 

award of the Degree of Doctor of Philosophy in Botany. I also declare that, this thesis or any 

part thereof has not been submitted for any other degree/Diploma either to this or other 

University. 

 

 

                                                                                 

 

 

 

 

 



vii 
 Department of Botany 

UNIVERSITY OF NORTH BENGAL 
Accredited by NAAC with Grade ‘A’ 

 
 

 
 
 

TO  WHOM  IT  MAY  CONCERN  
 

This is to certify that the thesis entitled, “Studies on some leaf and fruit diseases of 
Lagenaria siceraria (Molina) Standl. and their management” submitted by Mr. Arnab 
Saha for the award of the degree of Doctor of Philisophy in Botany is based on the results 
of experiments carried out by him. Arnab has worked under my supervision at Department 
of Botany, University of North Bengal and Co-supervision of Dr. Dipanwita Saha, 
Department of Biotechnology, University of North Bengal. I am forwarding his thesis for 
the Ph.D. degree (science) in Botany of the University of North Bengal. He has fulfilled 
all requirements according to the rules of the University of North Bengal regarding the 
works embodied in his thesis. This thesis or any part thereof has not been submitted for 
any other degree/Diploma either to this or other University. 
 
 
 
……………………….        (Aniruddha Saha)               Supervisor 
 

 
 
 

Professor Aniruddha Saha 
M.Sc. (Gold Med.) 
Ph.D., FNRS 

P.O. NBU, West Bengal, India (734013) Contact: +91-9832372105 E-mail: asahanbu@yahoo.co.in 

ENLIGHTENMENT TO PERFECTION 

MPPL
Stamp

MPPL
Stamp



viii 
 

Department of Biotechnology 
UNIVERSITY OF NORTH BENGAL 

Accredited by NAAC with Grade ‘A’  
                      

 
 
 
 

TO  WHOM  IT  MAY  CONCERN 
 
This is to certify that Mr. Arnab Saha has worked under my co-supervision at the 
Department of Biotechnology, University of North Bengal and under the supervision of 
Prof. Aniruddha Saha, Department of Botany, University of North Bengal. His thesis 
entitled “Studies on some leaf and fruit diseases of Lagenaria siceraria (Molina) Standl. 
and their management” is based on his original work and is being submitted for the award 
of Doctor of Philosophy (Science) degree in Botany in accordance with the rules and 
regulation of the University of North Bengal. He has fulfilled all requirements according 
to the rules of the University of North Bengal regarding the works embodied in his thesis. 
This thesis or any part thereof has not been submitted for any other degree/Diploma either 
to this or other University. 
 

 

……………………….      (Dipanwita Saha)          Co-Supervisor 
  

P.O. NBU West Bengal, India (734013) Contact: +91-9434429800 E-mail: dsahanbu@yahoo.com 
Dr. Dipanwita Saha 
M.Sc., Ph.D.                            
Assistant Professor (Grade-III) 

ENLIGHTENMENT TO PERFECTION 

MPPL
Stamp



ix 
 

ACKNOWLEDGEMENT 

It is a matter of great pleasure for me to be so fortunate to avail the privilege of conducting the study 

under a close and careful supervision of Professor Aniruddha Saha, Department of Botany, 

University of North Bengal. So I express my earnest gratitude to him who guided me tirelessly 

throughout the course of my academic endeavors. I can never forget the passionate hours of 

numerous discussions on and beyond my topic of study.  

I would like to express my thanks and honour to my co-supervisor Dr. Dipanwita Saha, 

Assistant Professor, Department of Biotechnology, University of North Bengal. I am thankful to her 

constructive suggestions which immensely helped me to sail through my academic endeavour 

successfully, without which it could not be possible to conclude this work. Her incredible availability 

and pertinent comments helped me at large to proceed towards achieving an improved quality of 

work. 

I am also indebted to Prof. A. Sen, Head of the Department of Botany, University of North 

Bengal, Dr. S.C. Roy, Dr P. Mandal and Dr. M. Choudhury, the faculties of our Department for 

their valuable advice and encouragement throughout the course of this work.  

I would also like to express my deep sense of gratitude to District Executive Officer, 

Paschim Banga Go-Sampad Bikash Sanstha, Siliguri Sub-Division for providing Liquid Nitrogen. 

I appreciate the help and support of my co-researchers namely Dr. Bikram Saha, Mr. 

Hrisikesh Mandal, Mr. Shibu Das, Ms. Piyali Sarkar, Mr. Prosenjit Chakraborty, Mr. Arup 

Karmakar, Ms. Tanushree Sarkar and Ms. Preeti Mangar. 

I also gratefully acknowledge University Grants Commission, New Delhi for their financial 

support in the form of BSR fellowship for pursuing this work which would not have been possible, 

otherwise. 

It would have not been possible for me to accomplish my research work aiming to attain the 

Ph.D without the love, affection and continuous encouragement of my beloved parents (Sri Amar 

Saha and Smt. Gita Saha). I am also grateful to my father in law Sri Dipak Kr. Debnath and Mother 

in law Smt. Dipika Debnath for their endless encouragement, inspiration and support. Special 

thanks are due to my adored wife Mrs. Moumita Debnath, who always had encouraged me from our 

family environment to continue my studies and lab works properly. 

 



x 
 

ABSTRACT 
 

The present study deals with “Studies on some leaf and fruit diseases of 
Lagenaria siceraria (Molina) Standl. and their management” Lagenaria 
siceraria (bottle gourd) is an important member of the Cucurbitaceae 
family. It is a warm-season vegetable which is cultivated throughout India 
for its tasty and healthy fruit. It is popular in India not only as a food item 
but also for its medicinal properties. Bottle gourd has been used in 
Ayurveda and other folk medicines traditionally for treatment of diseases 
like hypertension, diabetes mellitus, ulcer, liver diseases, congestive 
cardiac failure (CCF) and piles. The fruit is rich with choline level-A 
lipotropic factor, a healer of mental disorders. Large areas of sub-
Himalayan West Bengal is under bottle gourd cultivation. However chronic 
problems are persistent due to occurrences of diseases which limit the 
production. Pathogens of bottle gourd pose severe threat to its cultivation. 
The farmers of this region largely depend on the synthetic chemicals for 
disease management. Use of chemicals not only allows the development of 
resistance in the pathogens but also disturbs the normal soil microflora as 
well as create health hazard to human beings. Therefore, an eco-friendly 
approach is essential to control the fungal diseases in a more cost-effective 
and efficient manner. 

At the beginning of the present study, bottle gourd fields of five 
districts of sub-Himalayan West Bengal viz. Darjeeling, Jalpaiguri, 
Coochbehar, Alipurduar and Uttar Dinajpur were surveyed for occurrence 
of diseases. Disease incidence varied from month to month and place to 
place. Severity of the diseases was found at an alarming percentage of 
around 40%, in the plains of Darjeeling and Jalpaiguri district. The major 
aspect of the study was identifying the cause of the diseases of this region 
and designing a stable plant protection strategy for efficient disease 
management.  The main objectives of the study were: (i) Isolation of major 
pathogens responsible for foliar diseases and fruit rots in Lagenaria 
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siceraria; (ii) Pathogenicity test of isolated fungi (Fusarium incarnatum and 
Colletotrichum gloeosporoides) and assessment of diseases; (iii) 
Morphological and physiological characterization of the isolated pathogenic 
fungi; (iv) Molecular identification of the isolated pathogenic fungi and their 
phylogenetic analysis; (v) Induction of defense related enzymes by some 
abiotic inducers; (vi) Studies on PAL gene expression in Lagenaria siceraria 
after induction with abiotic inducers using semiquantitative RT-PCR (vii) 
Control of the pathoges using bio-control agents and botanicals. 

 During the survey it was found that lesions on fruits began as 
irregular, brown water soaked spots that enlarged, coalesced and spread 
around the fruit within 4-5 days. Fungal mycelia appeared outside the fruit 
and finally the whole fruit was covered with fungus. As the disease 
progressed, portions of the fruits were distorted and dried and growth was 
reduced. Lesions on leaves were less severe. It began as small brown spots 
near the margins which enlarged and progressed inward. In advance stage 
the lesions turned dark brown and more than 50% of the leaves were 
affected. Altogether 13 fungal cultures (KBG-01, KBG-02, KBG-03, KBG-
04, F/A/1, L/A/1, N/F/1, N/L/1, K/F/1, K/L/1, F/A/2, MBF-03 and 
MBL-01) were obtained in PDA. But pathogenicity tests further confirmed 
that two pathogens viz. Colletotrichum sp. isolate F/A/1 and Fusarium sp. 
isolate F/A/2 were consistent throughout the present study area.  

Studies on morphological characters of the two pathogenic fungal 
isolates revealed that Colletotrichum sp. showed simple appresoria and 
18.4±1.2 μm × 4.9±0.7 μm straight, elliptical conidia with broadly rounded 
ends under light microscope. In case of Fusarium sp. both macro- and 
micro- conidia were observed. Macroconidia were 29±1.9 μm × 3±1.7 μm, 
3-5 septate and slightly curved with tapered ends, whereas, microconidia 
were 11±1.6 μm × 3±1.9 μm, single celled, nonseptate and ovoid. Seven 
different media viz. PDA, OMA, CDA, RA, YEMA, MEA and LDA were used 
to study the growth of C. gloeosporioides and F. incarnatum. Among the 
media tested, LDA was best medium for vegetative growth while OMA was 
recorded as excellent medium for sporulation for both the fungi. Studies on 
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the mycelial growth at different pH in PDB medium showed that the 
mycelial dry weight of C. gloeosporioides was maximum at pH 6.0 and that 
of F. incarnatum was maximum at pH 6.5. Least growth was recorded at pH 
8.0 for both fungi. The optimum temperature for the growth of both the 
pathogens was 280C.  

For further characterization of the pathogens, ITS regions of both the 
fungi were amplified through PCR and the sequences were submitted in the 
GenBank, where Colletotrichum sp. was identified as C. gloeosporioides 
isolate F/A/1 (GenBank Accession No. KC355249) and Fusarium sp. was 
identified as Fusarium sp. isolate F/A/2 (GenBank Accession No. 
KR263845). During the phylogenetic analysis, C. gloeosporioides formed a 
single cluster including the sequence of the present study. Different 
Colletotrichum species showed different clusters in the phylogenetic tree. 
Further, different south-east Asian C. gloeosporioides isolates were 
clustered together indicating that C. gloeosporioides isolates from south-
east Asia share a common ancestral origin. In case of Fusarium sp., the 
present isolate showed 99% nucleotide identity with F. incarnatum from 
China infecting Morchella importuna and clustered together with F. 
incarnatum from different areas, whereas, different Fusarium species 
formed separate clusters. So, from the study, the present Fusarium isolate 
can be identified as F. incarnatum. 

After characterizing the two major pathogens associated with bottle 
gourd fruit rot disease, three different abiotic inducers [(Benzothiadiazole 
(BTH), β-aminobutyric acid (BABA) and γ-aminobutyric acid (GABA)] were 
used to activate defense signaling in bottle gourd and induce defense 
related enzymes to elevate host resistance. For the experimental design, 
plants were grouped into ten different sets, i.e., one set of untreated-
uninoculated (control), two sets of untreated-inoculated (one set for C. 
gloeosporioides and one set for F. incarnatum), three sets of treated-
uninoculated (BTH-treated, BABA-treated, GABA-treated) and six sets of 
treated-inoculated (BTH treated-C. gloeosporioides inoculated, BABA 
treated-C. gloeosporioides inoculated, GABA treated-C. gloeosporioides 
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inoculated, BTH treated-F. incarnatum inoculated, BABA treated-F. 
incarnatum inoculated, GABA treated-F. incarnatum inoculated). In each 
set, disease index and four defense related enzymes levels (peroxidase, β-
1,3-glucanase, chitinase and phenylalanine ammonia lyase) were 
measured to correlate the effect of these inducers on host defense. From 
the results it was found that BTH and BABA induced plants were more 
tolerant to disease than GABA induced one. However, when the enzyme 
levels were calculated, all the enzymes were found to be elevated on the 4th 
day post treatment/inoculation. Peroxidase level was higher in GABA 
induced plants followed by BTH and BABA induced one. β-1,3-glucanase 
level was higher in GABA induced plants than BTH and BABA induced one 
when challenge inoculated with C. gloeosporioides, whereas, it was higher 
in BTH induced plants followed by GABA and BABA induced one when 
challenge inoculated with F. incarnatum. Chitinase levels were higher in 
BABA induced plants followed by GABA and BTH induced one. 
Phenylalanine ammonia lyase activity was higher in BTH-treated plants 
followed by BABA and GABA treated plants.  

In addition to studies on activities of PR enzymes, phenylalanine 
ammonia lyase (PAL) transcript accumulation on 4th day after BTH and 
BABA induction were calculated through semi-quantitative RT-PCR after 
challenge inoculation with the major fungal pathogen, C. gloeosporioides. 
From the results it was found that, treated, inoculated and treated-
inoculated plants showed elevated transcript accumulation in comparison 
to control. However, in only inducer treated plants, higher transcript 
accumulation was observed in case of BABA-treated one. But, when the 
induced plants were challenge inoculated with C. gloeosporioides, higher 
accumulation of PAL transcript was observed in case of BTH-treated and C. 
gloeosporioides inoculated one. Nevertheless, in both the cases reduced 
disease index was observed.  

Four known antagonistic bacterial isolates (Serratia marcescens, 
Pseudomonas putida, Bacillus amyloliquefaciens, Rhizobium radiobacter) 
were used in vitro to control the growth of Colletotrichum gloeosporioides 



xiv 
 

and Fusarium incarnatum. From the results it was observed that B. 
amyloliquefaciens and R. radiobacter were more effective in inhibiting the 
growth of either of the fungi. S. marcescens and P. putida also showed 
almost similar result against C. gloeosporioides. However, P. putida was 
moderately effective against F. incarnatum, whereas, S. marcescens was 
least effective in controlling the growth of F. incarnatum. 

Ten different plants were selected to compare their antifungal effect 
against the two fungal pathogens viz., C. gloeosporioides and F. incarnatum 
using poisoned food technique. From the results it was found that alcoholic 
extract of Azadirachta indica was effective against both the fungi. Datura 
metel and Piper betle showed growth inhibition of C. gloeosporioides, 
whereas, Holarrhena antidysenterica and Murraya koenigii showed growth 
inhibition of F. incarnatum. Other tested phytoextracts did not show 
significant growth inhibition in either of the pathogens. 

The present study reports for the first time, the isolation of two 
pathogenic fungi, C. gloeosporioides and F. incarnatum from diseased bottle 
gourd plants. The major findings of the study suggest an eco-friendly, cost-
effective means of fungal disease control. The use of these chemical 
inducers and microbial strains as bioinoculants provides an alternative for 
culminating the use of harmful pesticides and providing an efficacious 
control of fungal diseases.  
  

vi 
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PREFACE 
 
West Bengal’s topography and agro climates are well suited for growth of 
horticultural crops and it is an ideal method of achieving sustainability of 
small holdings, increasing employment, improving environment, providing 
an enormous export potential and above all, achieving nutritional security. 
As a result, due emphasis on diversification to horticultural crops was 
given during the last one decade. However, chronic production problems 
are persistent due to major disorders like anthracnose in several fruits and 
vegetables, malformation and spongy tissue or anthracnose in mango, 
guava wilt, citrus decline, root wilt in coconut, Phytophthora and Fusarium 
diseases in large number of crops etc. which remained largely unresolved. 
Of these, fungal diseases remain a major factor in limiting product yield. 

Bottle gourd (Lagenaria siceraria) is one of the oldest cultivated 
crops, having been used by humans for over 14,000 years. Archaeological 
remains show that the bottle gourd was used in Egypt about 3500 to 3300 
B.C., in Mexico date from 7000 to 5500 B.C. and in Peru from about 
10,000 B.C. (Stephens, 2009). Moreover, bottle gourd is an immensely 
popular vegetable throughout India and it is a household vegetable 
cultivated in small holdings in sub-Himalayan West Bengal.  

In recent years, the use of chemical fungicides for crops has 
increasingly become unpopular due to an overall awareness on its adverse 
effect on the environment and human health. This situation has induced 
extensive research on alternative control methods that are environment-
friendly. Its use in India is still limited due to lack of awareness and low 
efficacy of marketed products. Variability in results stem from a failure to 
address all the possible interactions and neglecting the ecology of the plant 
in relation to the environment of use. Thus, there is a need for better 
understanding of the complex interactions between plant, applied 
molecules, and the invading pathogen in order to increase the efficiency 
and realize the true potential of sustainable disease control methods.  
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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 
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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 
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1.1. Bottle gourd: An overview  
Bottle gourd or Calabash, scientifically known as Lagenaria siceraria 
(Molina) Standl. (Synonym: Lagenaria vulgaris Ser.) is an annual 
herbaceous warm season plant grown for its highly nutritious fruit which 
possess several medicinal properties. It is a climber with five angled stems 
and with bifid tendrils. It has petioles, long leaves with three to five lobes. 
Large white solitary flower is characteristics of this monoecious plant. The 
fruits appear huge and round, bottle shaped or slim and serpentine with 
light green smooth skin. The length of fruits can be as much as 1.8 m. In 
side they are white, soft, fleshy and multi-seeded. The plant belongs to the 
family Cucurbitaceae which is the family of the gourd, pumpkin or melon. 
The family Cucurbitaceae comprises of at least 825 species belonging to 
118 genera (Milind and Kaur, 2011). These species are distributed widely 
in almost all regions of the world. Many members of the family are 
economically important and many of these have nutritional as well as 
therapeutic potential (Aslam and Najam, 2013).  

Bottle gourd, native to Africa (Heiser 1979), is a widely consumed 
vegetable in India. Here, it is known as lauki, lau, ghaia, churakka, 
sorekayi, kadoo or dudhi. It is cultivated throughout the year for its young 
and tender fruits. When harvested mature and dried, it forms a woody rind 
(exocarp) that is used mostly for the manufacture of containers (for water 
and food) and also musical instruments (drums, sitar, tanpura) or fishing 
floats after removing the flesh (Heiser 1979; Nath et al., 2017). The young 
leaves along with tender twigs are also cooked and consumed as vegetable 
which is also a popular dish in some parts of India. According to the 
annual report of ‘Horticulture Statistics Division’ of India (2014-15), bottle 
gourd was cultivated in 111 hectors and the annual production was 1836 
tonnes.  
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The taxonomical classification of bottle gourd is as follows (Nath et al., 
2017): 

Kingdom: Plantae 
Division: Magnoliophyta 

Class: Magnoliopsida 
Order: Cucurbitales 

Family: Cucurbitaceae 
Genus: Lagenaria 

Species: L. siceraria 
Parts used: Fruits, roots, leaves and seed oil 

Two subspecies, L. siceraria subsp. siceraria and L. siceraria subsp. 
asiatica, are recognized based on morphological and genetic differences 
between present-day African and Asian bottle gourd cultivars. An ancient 
diffusion of the species occurring eastward from Africa and the genetic 
isolation of African and Asian subgroups that took place subsequently has 
been suggested by many authors (Heiser, 1973, 1985, 1989; Decker-
Walters et al., 1999, Decker-Walters et al., 2001). It is generally believed 
that the wild species, whose fruits had floated across the seas, reached the 
tropical and temperate areas in Asia and the USA about 10000 years ago. 
The word Lagenaria has been derived from the Latin word Lagena, which 
means Florence flask. The word siceraria on the other hand is derived from 
siccus which means useful fruit, when it is mature and dry (Aslam and 
Najam, 2013). There are two varieties belonging to genus Lagenaria, the 
sweet variety and the bitter variety. The sweet variety is mostly cultivated 
and consumed as vegetable, while the wild bitter variety is preferred for 
medicinal uses. 
1.2. Health benefit 
Bottle gourd fruit is well-known for its medicinal properties in Indian 
ayurvedic medicine. Reports on folk medicine also recognize it as an 
important healer especially in cardiac and hepatic diseases and stomach 
ulcers. Phytochemical investigation reveales that the fruit contains 2.9% of 
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carbohydrates, 0.2% of protein, 0.1% of fat, 96.3% of water, 0.5% of 
minerals, 0.02% of calcium and less than 0.01% of phosphorus. The 
mineral elements found in 100 gm of bottle gourd are: sodium 11.0 mg, 
potassium 86.0 mg, iron 0.7 mg and iodine 0.45 μg per 100 gm. The amino 
acid content per gram is alanine 0.5 mg, arginine 0.4 mg, aspartic acid 1.9 
mg, cysteine 0.3 mg, glutamic acid 0.3 mg, leucine 0.8 mg, phenylalanine 
0.9 mg, proline 0.3 mg, serine 0.6 mg, threonine 0.2 mg, tyrosine 0.4 mg, 
and valine 0.3 mg.  

The bottle gourd fruit contain significantly huge amount of vitamin B 
complex and are also good source of ascorbic acid, beta carotene, pectin, 
and choline level-a lipotropic factor, which is a healer of mental disorders. 
It is also good source of minerals and amino acids. Bottle gourd is 
particularly rich in potassium which amounts to 3357 mg per 100 gm of 
dry weight. It also contains various biologically active constituents 
including flavonoids, saponins and triterpenes. The fruits contain the 
triterepenoide cucurbitacins B, D, G, H and 22-deoxy cucurbitacin. It 
contains soluble dietary fibers (SDF) which has a profound effect in 
lowering serum cholesterol. (Upaganlawar and Balaraman, 2009). Even the 
seeds of bottle gourd have prime importance as they contain numerous 
vitamins, phytochemicals, minerals, amino acids, essential fatty acids 
along with omega fatty acids which are the major components of human 
brain (Rahman 2003). Lagenin, a protein having ribosome inactivating 
activity was purified from the seeds. This protein has been reported to 
possess immunosuppressive, antifertility and antiproliferative actions 
(Wang and Ng, 2000). 

Bottle gourd has been used in Ayurveda and other folk medicines 
traditionally for treatment of diseases like hypertension, diabetes mellitus, 
ulcer, liver diseases, congestive cardiac failure (CCF) and piles. Bottle 
gourd fruits are easily digestible, treat constipation, having cooling 
properties and also help to lose weight. The fruit is rich with choline level-A 
lipotropic factor, a healer of mental disorders (Aslam and Najam, 2013). 
Pharmacological investigations reveal that the fruit contain several 
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bioactive properties such as cardioprotective activity (Vijayakumar et al., 
2010), analgesic and anti-inflammatory activity (Ghule et al., 2006a), 
hepatoprotective activity (Lakshmi et al., 2011) antihyperlipidemic activity 
(Ghule et al., 2006b), diuretic activity (Ghule et al., 2007), anthelmintic 
activity (Thube et al., 2009; Badmanaban and Patel, 2010), 
immunomodulatory activity (Gangwal et al., 2008), antistress and 
adaptogenic property (Lakshmi and Sudhakar, 2009), antioxidant activity 
(Deshpande et al., 2007), anxiolytic and memory enhancing activity 
(Muhammad and Rahila, 2013), central nervous system (CNS) depressant 
activity (Jayashree et al., 2010) anti-asthmatic and anti-allergic activity 
(Jasani et al., 2012), antihyperglycemic activity (Prerona et al., 2011), 
antiulcer activity (Vivek et al., 2011) and antimicrobial activity (Goji et al., 
2006). The juice of bottle gourd is considered as a valuable medicine in 
Ayurveda for excessive thirst resulting from severe diarrhea and diabetes. 
Mixture of bottle gourd juice and sesame oil acts is used against insomnia. 
The tender fruits are used for rubbing on the palm and under the feet to 
cool the body and get rid of the effect of heat. Leaf paste is applied on the 
head against baldness and headache (Chopra and Chopra, 1992). Flowers 
are reported to be used as antidote in certain kind of poisons. 
1.3. Priming of plant to combat pathogens 
When infected by pathogens, plants can commence different defense 
reactions to prevent disease progress, such as hypersensitive response, 
cell-wall strengthening, the oxidative burst and the expression of various 
defence-related genes (Conrath et al., 2002). But somehow, if the defense 
reactions are either suppressed or raised too late, the infection will proceed 
effectively, often leading to huge crop loss (Somssich and Hahlbrock, 1998). 
Therefore, plants need to sense the infecting pathogens successfully and 
carry the information into the molecular level to activate their defense 
machinery (Shibuya and Minami, 2001).  

Priming is a physiological process by which plants prepare to activate 
their defense response more efficiently, quickly and vigorously to 
challenging stress (Conrath, 2009). The physiological state of readiness 
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achieved by priming is called the ‘‘primed state’’ (Conrath et al., 2006). 
Management of disease in plants is possible by inducing plant defense 
response by exogenous application of biotic and/or abiotic inducers and 
phyto-extracts (Rasmussen et al., 1991; Cohen et al., 1993; Kessmann et 
al., 1994a; Maurhofer et al., 1994; O'Donnell et al., 1996; Ryals et al., 
1996; Hanae et al., 1997; Ghosh and Purkayastha, 2003). Plant growth 
promoting rhizobacteria (PGPR) can also suppress the disease caused by 
foliar pathogen by triggering plant-mediated resistance mechanism called 
induced systemic resistance, so called ISR. Systemic resistance induced by 
rhizobacteria differs mechanically from SAR, it is designated by a separate 
term ISR proposed by Kloepper et al. (1992). Priming can also be induced 
by some natural or synthetic chemicals (Conrath et al., 2015; Beckers and 
Conrath, 2007). Over the years, a variety of chemicals were established to 
be capable of inducing primed state in plants. The first to be identified were 
synthetic SA analogs, such as 2,6-dichloroisonicotinic acid and its methyl 
ester (both are referred to as INA), and benzo-1,2,3-thiadiazole-7-
carbothioic acid-S-methylester (BTH), which triggers SAR (Conrath et al., 
2002; Oostendorp et al., 2001). A wide range of cellular responses has been 
reported to be potentiated by these compounds, including alterations in ion 
transport across the plasma membrane, synthesis and secretion of 
antimicrobial secondary metabolites (phytoalexins), cell wall phenolics and 
lignin like polymers, and activation of various defense genes (Conrath, 
2009). Non-protein amino acid β-amino butyric acid (BABA) has received 
plenty of attention given its versatility, and its priming for different defense 
responses dependent on distinct hormones pathways and upon different 
challenging stresses (Conrath, 2009).  
1.4. Objectives 
Establishment of successful disease control requires a good understanding 
of plant-pathogen interactions along with understanding of environmental 
conditions required for disease establishment. At the onset of the present 
study it was considered to determine pathogenicity of isolated pathogens 
(Fusarium incarnatum and Colletotrichum gloeosporoiders) from the fruits 
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and leaves of L. siceraria growing in the present study area (sub-Himalayan 
West Bengal also known as plains of North Bengal). The research presented 
here aims towards appropriate isolation and identification of the pathogens 
from North Bengal (Fig. 1.1). In addition, management of the diseases 
(caused by the pathogens) by inducers (abiotic), botanicals and by 
antagonistic microorganisms have also been taken in to consideration. The 
main objectives of the present study are as follows.  

1. Isolation of major pathogens responsible for foliar diseases and fruit 
rots in Lagenaria siceraria 

2. Pathogenicity test of isolated fungi (Fusarium incarnatum and 
Colletotrichum gloeosporoides) and assessment of diseases 

3. Morphological and physiological characterization of the isolated 
pathogenic fungi 

4. Molecular identification of the isolated pathogenic fungi and their 
phylogenetic analysis 

5. Induction of defense related enzymes by some abiotic inducers  
6. Studies on PAL gene expression in Lagenaria siceraria after induction 

with abiotic inducers using semiquantitative RT-PCR 
7. Control of the pathogens using bio-control agents and botanicals 

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1. (a) Cultivated bottle 
gourd fruits in farmer’s field; (c) Diseased samples showing fungal Infection 
in bottle gourd fruits
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(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. 
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gourd fruits in farmer’s field; (c) Diseased samples showing fungal Infection 
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Plants in general are unable to escape inauspicious changes in their 
environment as most of them are sessile organisms. Therefore, to defend 
themselves against harmful conditions in their surroundings, elaborate 
mechanisms have developed in plants to adapt to various stress conditions 
through fast and dynamic changes in their physiology. Plants combat 
microbial invasions by using a variety of defense systems that are either 
preformed or are inducible. This leads to an overall increase in plant 
resistance not only against the invader but also against other pathogens. A 
thorough understanding of the underlying mechanism of induced 
resistance at the physiological and molecular levels and the signals which 
triggers it will lead to a better understanding of the spectrum of such 
resistance in plants and permit sustainable and effective management of 
diseases in the field. 

At the onset of the present study it was considered to review the vast 
body of literature that has been documented by the earlier workers. The 
findings of the previous workers with respect to the present line of 
investigation are being presented, in a selective manner, in the following 
paragraphs. The observations have been divided into several facets which 
are listed below-  

 Diseases of bottle gourd 
 Identification of fungal pathogens 
 Colletotrichum gloeosporioides, the fruit and vegetable pathogen 
 Fusarium incarnatum, the soil borne pathogen 
 Induction of systemic resistance  
 Inhibition of pathogenic microorganisms by biocontrol agents and 

botanical extracts  
2.1 Diseases of bottle gourd 
A literature survey on the diseases of bottle gourd revealed that the plant is 
attacked by a wide variety of pathogens including viruses, bacteria and 
fungi. It is often subjected to a strong parasitic and diseases pressure. The 
diseases may be seedborne, soilborne, airborne or transmitted by insect 
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vectors. Multiple pathogens are observed to cause considerable damage in 
terms of yield and quality in crop fields (Lepoivre and Semal, 1989). In this 
section some of the previous reports since 2008 are presented. 
2.1.1 Diseases caused by fungi 
Fungi constitute a major group of pathogenic agents which infects a wide 
variety of herbaceous plants. They are distributed world-wide, especially in 
tropical and subtropical regions. Bottle gourd plants are particularly 
susceptible to several fungal pathogens which attack leaves, fruit and roots 
of this plant. Choi and Shin (2008) observed typical symptoms of downy 
mildew caused by Pseudoperonospora cubensis in bottle gourd plants 
growing in a commercial field at Hoengsong, Korea. The symptoms 
appeared as yellowish or light green lesions on upper leaf surfaces. The 
lower surfaces showed dark grey fungal growth. The angular lesions were 
delimited by leaf veins. Sporangiophores (230–500 ×5–7·5 μm) were 
straight to substraight, hyaline, tree-like, monopodially branched 4–6 
orders. Sporangia (20–35·8 ×15–23·8 μm) were olivaceous brown, 
operculate and ellipsoidal. On comparison of the sequence of internal 
transcribed spacer region of the pathogen (Acc. No. DQ409815) obtained by 
PCR amplification of the respective gene with other such sequences 
available in the GenBank database, revealed similarity to sequences of 
Pseudoperonospora cubensis found on Cucurbita moschata (Acc. No. 
AY608619) and on Cucumis sativus (Acc. No. AY608616).  

Kousik et al. (2008) reported that Powdery mildew caused by 
Podosphaera xanthii is an important pathogen and can cause significant 
damage to cucurbit crops. The authors inoculated L. siceraria for testing 
their susceptibility to powdery mildew in two greenhouse tests. The young 
seedlings of bottle gourd plants showed moderate resistance to the disease. 
The authors suggested that the resistant lines of bottle gourd, which is 
used as rootstocks for grafting watermelon, can be a valuable source of 
germplasm in rootstock breeding programmes.  
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Ling et al. (2008) observed wilting and crown necrosis in bottle gourd 

used as rootstock of watermelon in Charleston, SC. A fungus with white 
mycelia and brown sclerotia were isolated from four wilted plants. A single 
PCR product of approximately 680 bp was obtained on PCR amplification of 
the ribosomal internal transcribed spacer (ITS) region using the primers 
ITS1 and ITS4. The PCR amplicon was cloned into the TOPO TA cloning 
vector (Invitrogen, Carlsbad, CA) and sequenced (Acc. No. EU338381). 
BLASTN analysis of the sequence in the NCBI databases revealed that the 
sequence shared 99% similarity to the ITS sequences of Sclerotium rolfsii 
and Athelia rolfsii which is the perfect stage of S. rolfsii. The pathogen was 
used to inoculate 10-week-old bottle gourd plants following which it was 
held at high humidity and 25°C. Symptoms of wilting developed after 4 to 5 
days of inoculation and the plants wilted completely within 7 to 10 days. 
The disease was confirmed to be southern blight of bottle gourd after 
reisolation of the pathogen from the inoculated plants.  

In a study on the seed borne fungi of bottle gourd Sultana and 
Ghaffar (2009) isolated 45 species of fungi belonging to 22 genera from 
affected seed samples in Pakistan. Of the isolated species, 35 were reported 
as new records from seeds of bottle gourd in Pakistan. The range of 
occurrence and the average percent incidence of fungi in tested samples 
revealed that the most frequently isolated fungi were Lasiodiplodia 
theobromae, Fusarium semitectum, Macrophomina phaseolina and Fusarium 
oxysporum.   

Dervis et al. (2010) reported the incidence of fungi in seed samples of 
bottle gourd that were collected from different parts of Turkey. The most 
frequently isolated fungal species were Macrophomina phaseolina, Fusarium 
oxysporum, Epicoccum purpurascens and Sordaria fimicola.  

Endo et al. (2012) studied the pathogen of the cucurbitaceous crops 
including bottle gourd which were often attacked by powdery mildew 
fungus which caused a lot of damage in Morocco. Altogether 85 samples 
were collected from different regions in the country. Results showed the 
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existence of Sphaerotheca fuliginea associated with the disease. There was 
no instance of Erysiphe cichoracearum, E. polyphaga or Leveillula taurica. 

Jadhav (2012) observed that wilt disease of bottle gourd caused by 
Fusarium moniliforme occurred in 31.33% in farmer’s field at Hashiware in 
Raigad district of Maharashtra, India. The symptoms appeared on collar 
region which caused rotting of basal stem portion. Shrinking was observed 
in the stem which turned brown to dark brown in the affected region. 
Partial drying of tender shoots was noted and finally, the plants collapsed 
in severe conditions. The pathogen was isolated from symptomatic plants. 
For testing pathogenicity of the isolate, seeds of bottle gourd were sown in 
soil inoculated with the pathogen in pots. Dark brown lesions were found 
to develop on stem and shriveling of the stem which extended above the 
collar was noted. The underground stem showed pinkish white fungal 
growth. 

Koffi et al. (2013) identified several fungal genera infecting L. 
siceraria from leaf samples with necrosis and discoloration symptoms from 
various locations of Côte d’Ivoire. Fungi were isolated from 750 samples 
with 7 distinct types of symptoms. Fungal genera found in all of the 
localities were Aspergillus, Botryosphaeria, Cochliobolus, Colletotrichum, 
Fusarium, Lasiodiplodia, Phoma and Pestalotiopsis. An ANOVA test revealed 
significant differences between fungal genera in terms of isolation 
frequency. Principal components analysis showed that fungus distribution 
in each locality was correlated with climatic factors. In another study (Koffi 
et al., 2014), the authors identified several fungal genera infecting L. 
siceraria by PCR amplification of the nuclear ribosomal DNA region (ITS1, 
5,8S and ITS2) of fungal strains with the universal primers, ITS1 and ITS4. 
The reaction generated only one 600 bp fragment. The sequence data 
obtained of the PCR products were aligned and compared with other 
sequences in the GenBank database. Homologous sequences of fungi were 
compared and several fungi were identified viz. Botryosphaeria rhodina, 
Cochliobolus kusanoi, Colletotrichum gloeosporioides, Fusarium oxysporum, 
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Phomopsis glabrae, Fusarium solani, Diaporthe helianthi, Pestalotiopsis sp. 
and Rhizoctonia bataticola.  

Maheshwari et al. (2013) observed the incidence of Alternaria blight 
caused by Alternaria cucumarina and Cercospora leaf spot caused by 
Cercospora spp. in bottle gourd during the rainy season in 4 districts of 
Rajasthan, India. The pathogens were isolated from the symptomatic 
plants. Altogether 17 bottle gourd genotypes were inoculated by the 
Alternaria blight pathogen in field trials that were conducted during rainy 
season of 2011 and 2012 (Maheshwari and Choudhary, 2015). Of the 
tested plants, 6 varieties showed moderate resistance and 10 varieties 
showed moderate susceptibility. One germplasm ‘Chomu Local’ was found 
to be susceptible to this disease. 

A leaf spot disease was observed on leaves of bottle ground in Lahore 
and Shiekhupura regions of Pakistan by Mukhtar et al. (2013). The causal 
organism was isolated, and on the basis of pathology and morphological 
characteristics, was identified as Cercospora citrullina. The disease was 
characterized by brown spots with distinct dark brown border that 
occurred on both sides of the leaves. The fungal conidiophores were simple, 
2-30 in a divergent fascicle and multiseptate. They were mainly golden 
brown in colour that turned paler to subhyaline at the apex. The shape 
was straight to slightly curved (3-5×50-300 μm), geniculate and 
unbranched. Conidia were filiform, solitary and hyaline. They contained 1-
16 septa and remained non-constricted at the septa (2.5-4×20–270 μm).  

Shah et al. (2014) observed wilting in bottle gourd plants in Pakistan. 
The authors isolated the fungus Fusarium oxysporum from infected seed 
and wilted plant samples of bottle gourd and conducted pathogenicity test 
with the isolate. Data were collected in terms of plant growth (root, shoot 
and total plant length and weight), percentage of seed germination and leaf 
infection percentage. The intensity of Fusarium wilt was found to increase 
with increase in inoculum density when plant growth and mortality was 
computed. The percentage of seed germination also followed a similar 
pattern.  
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In a study on the symptomatology and epidemiology of the disease 

black fruit rot of bottle gourd caused by Alternaria alternata, Pawar et al. 
(2014) observed that, A. alternata grew most favourably at 26-280C 
although it was able to  grow at a wide range of temperatures that ranged 
between 15-300C. High relative humidity (>90%) was necessary for 
optimum growth and sporulation of the pathogen. The mycelia of the 
pathogen were hyaline, septate and irregularly branched. Hyphae were of 
an average width of 3.50 μm (range 1.50-7.30 μm).  Conidiophores arose 
singly or in groups short or long (2-6). Conidia (48×14 μm) bearing 2-10 
septa occurred as long chains of 10 or more. Typical symptoms of water 
soaked lesions appeared on inoculated healthy fruits of bottle gourd which 
turned brown within 2-3 days.  

Yan et al. (2016) reported the occurrence of root and collar rot 
caused by Plectosphaerella cucumerina in bottle gourd that was used as 
watermelon rootstock in China. The pathogen produced buff to salmon 
pink, slimy, appressed colonies with sparse aerial mycelia in potato 
dextrose agar plates. Microscopic examination of the hyphal coils showed 
that they were hyaline, branched, and septate. Conidiogenous cells were 
observed to be phialidic, 1-septate at the base. The phialide apex was 
broadest at base which gradually tapered towards the apex. Conidia (mean 
dimension 6.31±0.60×2.00±0.17 μm) were found to be guttulate, ellipsoidal 
and septate. PCR amplification of the ribosomal internal transcribed spacer 
region using the universal primers ITS1 and ITS4 produced a 526-bp 
fragment which was sequenced (Acc. No. KT826571). BLAST analysis 
revealed 99% identity with P. cucumerina previously isolated from melon 
(Cucumis melo L.) (Acc. No. HQ238997). Bottle gourd seedlings were 
inoculated with a conidial suspension (106 conidia/ml) and maintained at 
25°C with a 12 h photoperiod. Root rot was observed in the inoculated 
plants after 7 days of inoculation. The pathogen was reisolated from the 
symptomatic roots, thereby confirming Koch’s postulates. The authors 
suggested that since the disease was severe in China, there was a need for 
bottle gourd rootstocks that were more resistant to root and collar rot for 
grafting of watermelon.  
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Bottle gourd plants with powdery mildew symptoms were observed 

on L. siceraria in different fields of the Odisha state (India) in December 
2014 (Nayak and Babu, 2017). The symptoms were circular white patches 
(1-2 mm in diameter) on the upper surface of the leaves. The patches 
coalesced and developed into larger irregular or circular spots on both 
sides of the leaf surfaces. Microscopic examination revealed that the 
conidiophores (110-220×11-13.5 μm) produced 3 to 5 immature conidia in 
chains. Foot cells (40-75 μm) were long and cylindrical and appeared 
slightly constricted at the basal septum. Conidia were hyaline, (25-40×17-
22 μm) and displayed fibrosin bodies. PCR amplification of the internal 
transcribed spacer region of rDNA from conidia with primers ITS 1/ ITS 4 
and sequencing of the resulting amplicon yielded a 182 bp sequence (Acc. 
No. KU376473). The sequence was analysed by BLAST homology search 
with GenBank database. The results revealed 100% similarity with 
Podosphaera xanthii (Acc. Nos. KX061106, KR779870). The authors 
determined pathogenicity by inoculating conidial suspension onto young 
leaves of five healthy potted L. siceraria Symptoms similar to that observed 
in field developed after 5-7 days of inoculation from which P. xanthii was 
reisolated. 
2.1.2. Diseases caused by bacteria, viruses and other agents 

Bacterial diseases are not common but can occur during persistent 
warm and humid conditions. The main bacterial diseases found on bottle 
gourd are angular leaf spot caused by Pseudomonas syringae and bacterial 
wilt caused by Erwinia tracheiphila. However, bottle gourd plant is very 
sensitive to viral infection and major losses of production are reported 
owing to viral diseases.  The common viruses that infect this plant are 
Cucumber mosaic virus (CMV), Cucumber green mottle mosaic virus, 
Watermelon mosaic virus (WMV), Zucchini yellow mosaic virus (ZYMV), 
Pumpkin yellow vein mosaic virus and Papaya ringspot virus (PRSV). 
Symptomatic observation cannot reveal the identity of the causal virus 
because of the similarity of the symptoms caused by different cucurbit 
viruses. 
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Bottle gourd crop was found to be infected by bacterial spot caused 

by Xanthomonas cucurbitae in Himachal Pradesh of India (Jarial et al., 
2015). A survey was conducted at 64 locations of five districts of to assess 
the spread of the disease. Disease severity varied from 12.50 to 78.33% 
leading to 10.07 to 70.61% loss in yield at different locations. The 
symptoms in the form of small marginal chlorotic spots appeared initially 
on leaves, which increased in size towards the centre of the leaf. At a later 
stage, necrotic areas developed in the chlorotic zone. Tendrils stem/vine 
and floral parts showed water soaked areas which ultimately turned into 
necrotic spots. In severe disease conditions, amber coloured ooze was 
noticed. Ultimately, the vine bacame totally necrotic and died. The 
symptoms on young fruits appeared in the form of water soaked spots 
which finally caused total rotting of the fruit. In case of mature fruits, 
small faded spots appeared on fruit peel which cracked as the disease 
progressed and similar ooze was visible on the spots. Fruit deformation 
was noted in severe cases and the entire fruit surface was filled with cracks 
that finally led to fruit rot. The pathogenicity of the isolated bacterium was 
confirmed.  The bacterium was able to infect other crops such as pumpkin, 
cucumber and summer squash. Artificial inoculation of leaves and fruits 
was performed with bacterial suspension (104 cfu/ml) and incubated for 3–
6 days for leaves and 5–8 days for fruits.  

Takeshita et al. (2001) reported that bottle gourd plants infected with 
an isolate of Cucumber mosaic virus (CMV-KM) developed severe chronic 
mosaic symptoms with stunting. The virus induced enlarged chlorotic 
spots and rapidly spread over the inoculated cotyledons. Ito et al. (2008) 
reported the occurrence of Tomato leaf curl New Delhi virus (ToLCNDV) 
which is a Begomovirus of the family Geminiviridae in cucumber, bottle 
gourd and muskmelon from Thailand.  The authors reported the complete 
nucleotide sequence of the pathogen which was found on plants showing 
severe yellow leaf disease symptoms. The virus was found to have a 
bipartite genome composed of DNA-A and DNA-B. The same virus causing 
chlorotic curly stunt disease in bottle gourd has been reported to occur in 
the vegetable growing areas of Delhi and adjoining state of Haryana 
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(Shohrab et al., 2010). The infected plants were observed to be severely 
revealed that the virus was transmitted to many other cucurbits by the 
whitefly, Bemisia tabaci. Coat protein gene sequence analysis showed 
100% sequence identity with all the isolates of ToLCNDV and two isolates 
of Squash leaf curl China virus (SLCCV). The full length amino acid 
sequence of the coat protein and replication initiator protein genes had 
100% similarity with ToLCNDV-Svr and -Luffa isolates. In another report 
from India, mosaic mottling, chlorosis and yellowing of leaves has been 
observed in bottle gourd from the fields of Tamil Nadu (Nagendran et al., 
2016). The virus was identified by coat protein gene sequence analysis. The 
sequences had maximum identity of 94% towards the ToLCNDV reported 
from Spain and 98% towards the ToLCNDV reported from Asian countries.    

Fidan et al. (2016) reported the screening of bottle gourd genotypes 
for Zucchini yellow mosaic virus (ZYMV), Cucumber mosaic virus (CMV) and 
Watermelon mosaic virus (WMV) resistance under open field conditions. The 
results showed that 55% of the genotypes were affected by ZYMV, 21% with 
WMV and 12% with CMV, in single or mixed infections, and the rest of the 
accessions were virus-free. The authors further observed that ZYMV was 
transmitted by 3.19% of the seeds from infected fruits. 
2.2. Identification of fungal pathogens 

The correct identification of fungal plant pathogens is necessary for 
nearly all aspect of phytopathology. This includes basic research on 
pathogen biology as well as for the control of the diseases they cause. 
Traditionally, identifying the fungal pathogens associated with plant 
diseases depends on the explanation of visual symptoms along with the 
isolation, culturing and microscopic observations of the pathogen. The 
precision of these methods are limited by the expertise and knowledge of 
the person making the diagnosis. Diagnoses based on culturing the 
pathogen is often time consuming and can be impractical in case when 
quick results are needed (McCartney et al., 2003). The most accepted 
method which is increasingly being used for diagnosis of phytopathogens is 
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the use of polymerase chain reaction (PCR) for amplification of specific 
nucleic acid sequences (Atkins and Clark, 2004). The internal transcribed 
spacer (ITS) regions of ribosomal RNA genes have been found to be 
particularly useful for separation of fungal taxa at the genus and also at 
the species level. This is possible because in these regions, the rate of 
accumulation of mutations often approximates to the rate of speciation 
(Bruns et al., 1991). 

Phylogenetic taxonomic studies of pathogens from a variety of 
sources is now most successfully and easily performed with the help of 
molecular techniques using the internal transcribed spacer region of 
ribosomal RNA gene (Huang et al., 2012; Jeewon et al., 2013). However, 
very little research has so far focused on characterization of fungal 
pathogens of bottle gourd by PCR based methods. 

Identification of fungal pathogens of bottle gourd based on ribosomal 
RNA genes have been reported from Korea (Choi and Shin, 2008) North 
America (Ling et al., 2008), Côte d’Ivoire (Koffi et al., 2013) and China (Yan 
et al., 2016). Recently, Nayak and Babu (2017) isolated the powdery mildew 
pathogen Podosphaera xanthii from affected bottle gourd plants growing in 
different fields of the state of Odisha in India. The authors confirmed the 
identity of the pathogen by analysing the rRNA gene sequences after 
amplifying them by PCR using ITS1 and ITS4 universal primers. 
2.3. Colletotrichum gloeosporioides, the fruit and vegetable pathogen 
The genus Colletotrichum is a well known pathogen of crop plants primarily 
in the tropical and subtropical regions, although there are some species 
that affects temperate crops. Colletotrichum species are able to inhabit the 
plants as a pathogen, an endophyte, an epiphyte, or as a saprobe (Hyde et 
al., 2009; Tao et al., 2013). Colletotrichum, as an asexual fungal genus, was 
incorporated in morphological classifications of the Ascomycota as its 
sexual genus Glomerella. Members of this genus include a number of plant 
pathogens of key importance, which causes diseases of a wide variety of 
herbaceous and woody plants. The pathogens mainly affect fruits and 
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vegetables leading to serious loss in production.  High value crops such as 
strawberry, mango, citrus and avocado are often affected along with staple 
crops such as banana. Colletotrichum sp. infection in coffee berries in 
Africa left devastating impacts. The fungi also affect different cereals 
including sorghum, maize and sugar cane (Cannon et al., 2012). The genus 
was voted the eighth most important group of phytopathogenic fungi in the 
world, on the basis of its economic importance and scientific significance 
(Dean et al., 2012). Nine clades of the genus Colletotrichum has so far been 
recognized which includes acutatum, graminicola, spaethianum, 
destructivum, dematium, gloeosporioides, boninense, truncatum and 
orbiculare (Cannon et al., 2012). Apart from these, other independent 
species have also been recognized to belong to the genus Colletotrichum. 

The C. gloeosporioides species complex has been studied extensively 
by several workers (Cannon et al., 2012; Liu et al., 2015; De Silva et al., 
2017). It exhibits a wide range of variability in terms of morphology and 
pathogenicity in numerous hosts and includes a number of important 
plant pathogens. The pathogen primarily affects the leaves and fruits but 
can also infect other parts of the plant. The fungus has been associated 
with at least 1,972 different host-pathogen combinations which includes a 
wide range of fruit crops (Phoulivong et al., 2010; Rampersad, 2014). Due 
to this immense diversity, it has been established that C. gloeosporioides is 
a species complex that includes 22 species and one subspecies within the 
C. gloeosporioides complex. These are C. asianum, C. cordylinicola, C. 
fructicola, C. gloeosporioides, C. horii, C. kahawae subsp. kahawae, C. 
musae, C. nupharicola, C. psidii, C. siamense, C. theobromicola, C. tropicale, 
and C. xanthorrhoeae, C. aenigma, C. aeschynomenes, C. alatae, C. 
alienum, C. aotearoa, C. clidemiae, C. kahawae subsp. ciggaro, C. salsolae, 
C. ti and. C. queenslandicum (Weir et al., 2012). 

A literature review on the diseases of C. gloeosporioides reveals that 
the fungus has a wide host range. It is reported to cause anthracnose on a 
variety of fruits, including mango, banana, apple, guava, papaya, 
strawberry, citrus and grapes. It also causes substantial loss to large 
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number of crops such as cereals, coffee and legumes etc. C. gloeosporioides 
causes infection by the hemibiotrophic mode. Necrotrophic phase and the 
biotrophic phase are found to occur sequentially (Sharma and Kulshrestha, 
2015). Ratanacherdchai et al. (2007) performed RAPD analysis of 18 
isolates that were obtained from three chilli varieties, chilli pepper 
(Capsicum annuum), bird’s eye chilli (C. frutescens) and long cayenne 
pepper (C. annuum var acuminatum).  Analysis of the RAPD dendrograms 
using UPGMA showed that C. gloeosporioides and C. capsici were clearly 
distinct and C. gloeosporioides isolates were less closely related than C. 
capsici isolates. In a similar study on anthracnose in chilli, Than et al. 
(2008) isolated C. acutatum, C. capsici and C. gloeosporioides from chilli 
fruits.  DNA sequence data obtained by sequencing the PCR amplified ITS 
rDNA and β-tubulin (tub 2) gene regions were subjected to phylogenetic 
analyses. The results revealed three major clusters that represented these 
species. Direct correlation was observed between the phylogenetic 
groupings and morphological characters such as colony growth rate and 
conidium shape in culture. Pathogenicity tests were conducted by 
inoculating the susceptible Thai elite cultivar Capsicum annuum cv. 
Bangchang by the three isolated species. Results revealed that all the 
species were able to cause chilli anthracnose.  

Masyahit et al. (2009) studied the occurrence of anthracnose on 
dragon fruit (Hylocereus spp.) plantations in Peninsular Malaysia. The 
infected fruit and stem showed reddish-brown lesions along with 
symptoms of chlorotic halo. The lesions had brown centers which grew 
bigger in severe cases and then coalesced to eventually rot. The isolated 
fungal pathogen produced whitish-orange colony in cultures. Microscopic 
examination revealed capsule-like conidia and septate hypae. The 
pathogenicity test was done to confirm the virulent character. The 
pathogen was identified as Colletotrichum gloeosporioides. 

Prihastuti et al. (2009) studied on Colletotrichum species associated 
with Coffea (coffee). The Colletotrichum species isolated from diseased coffee 
berries in northern Thailand were compared to species reported to cause 
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coffee berry disease elsewhere based on their morphological, cultural, 
biochemical and pathogenic characters. Along with these, DNA sequence 
analyses as done based on combined datasets of partial actin, β-tubulin 
(tub2), calmodulin, glutamine synthetase, glyceraldehyde-3-phosphate 
dehydrogenase genes and the complete rDNA ITS1-5.8S-ITS2 regions. 
Results showed that the isolates clustered into three species, viz. 
Colletotrichum asianum sp. nov., C. fructicola sp. nov. and C. siamense sp. 
nov. The data from phylogenetic analysis matched with groupings based on 
morphological characters. The authors observed that the biochemical and 
DNA sequence data could differentiate between C. kahawae, C. 
gloeosporioides and the new Colletotrichum species. However, all of the new 
genera reported in this paper have later been included in the C. 
gloeosporioides species complex (Weir et al., 2012). 

In a study on pomegranate anthracnose affecting leaves and fruits in 
the Bagalkot, Koppal, Bijapur Gadag and Raichur districts of Karnataka, 
Jayalakshmi (2010) identified the causative agent as C. gloeosporioides. 
Maximum growth of the pathogen was noted after 12 days of incubation on 
Potato dextrose broth at 27±10C. On the other hand, maximum sporulation 
was recorded at 300C with alternate 12 hours light and dark period. The 
cultivars Ganesh, Araktha and Kesar showed susceptible reaction while 
other 16 genotypes showed moderately susceptible reaction under 
detached leaf technique. The pathogen also inhibited root and shoot 
elongation and seed germination of sorghum seeds and induced phytotoxic 
symptoms on tomato seedlings. 

Choi et al. (2012) observed the anthracnose disease on the leaves of 
tulip trees (Liriodendron chinense) in Korea. The causative pathogen was 
isolated from infected leaves which grew on PDA as whitish mycelia that 
turned dark gray and finally formed salmon-coloured conidial masses. The 
cylindrical and ovoid conidia measured 10-18×3-5 μm. Appressoria (6-
20×4-12 μm) observed on water agar appeared as pale brown, one-celled, 
ellipsoidal or clavate and thick-walled. Pathogenicity was confirmed by 
artificial inoculation of tulip leaves. The internal transcribed spacer region 
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was amplified by PCR using universal ITS1 and ITS4 primers. Based on 
phylogenetic analysis of the sequence of the amplicon, the pathogen was 
identified as C. gloeosporioides. Gautam et al. (2012) also observed C. 
gloeosporioides induced leaf spots in Boehravia diffusa plants from various 
regions of Bilaspur in Himachal Pradesh, India. The symptoms which 
appeared initially as a small circular spots enlarge gradually and finally 
caused drying of the leaves. 

Jeon and Kwak (2016) observed anthracnose disease symptoms on 
stem of stonecrop (Sedum kamtschaticum) in open fields in South Korea. 
The symptoms appeared as black irregular smudged spot (2-5 cm). The 
putative pathogen was isolated from the lesion and was identified as C. 
gloeosporioides through studies on morphological characteristics and 
phylogenetic analyses of ITS region sequence of ribosomal RNA gene. On 
artificial inoculation of healthy stonecrop plants with the isolated 
pathogen, disease symptoms similar to the original field symptoms 
appeared on the plants. The pathogen, which was re-isolated from the 
lesions of the inoculated plants, showed the same characters when 
compared to the original isolate.  

In a study on leaf anthracnose on tea (Camellia sinensis), Wang et al. 
(2016) collected 106 Colletotrichum isolates from 15 tea production 
provinces in China. For identifying the isolates, the authors used 
morphological studies along with multi-locus phylogenetic analysis that 
included ITS, actin, glyceraldehyde-3-phosphate dehydrogenase, 
calmodulin, partial sequences of the chitin synthase 1, beta-tubulin, and 
glutamine synthetase gene sequences. In addition, the isolates that were 
found to belong to the C. gloeosporioides species complex were further 
analysed using the glutamine synthetase and the Apn2-Mat1-2 intergenic 
spacer region genes. Results revealed that the isolates belonged to 6 known 
species viz. C. fructicola, C. siamense, C. camelliae, C. fioriniae, C. cliviae 
and C. karstii. Moreover 3 species (C. aenigma, C. endophytica, and C. 
truncatum) were reported as new records. Further, a novel species, C. 
wuxiense was also reported. One particular strain could not be 
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distinguished and therefore described as Colletotrichum sp. Pathogenicity 
tests conducted by leaf inoculation with six different species viz. C. 
aenigma, Colletotrichum sp., C. camelliae, C. endophytica, C. siamense, and 
C. wuxiense showed that C. camelliae, C. endophytica and C. aenigma were 
more pathogenic than the other tested isolates.  

Deng et al. (2017) observed anthracnose symptoms on young and 
mature leaves of the hard kiwi fruit (Actinidia arguta) in China. The disease 
symptoms appeared as watery lesions which then turned into black or 
brown spots. At an advanced stage, the lesions turned gray at the centers 
with dark brown edges. Lesions showing black acervuli were found to be 
scattered on adaxial leaf surfaces. Leaves with lesions fell under dry 
conditions. The putative pathogen was isolated on potato dextrose agar and 
incubated at 25°C with an alternate 12-h light and dark cycle. The colonies 
showed white mycelia with pinkish-orange conidial masses which after 5 
days became gray. Microscopic examination revealed that the conidia 
(11.31-16.22×3.22-5.51 μm) were one-celled, cylindrical, aseptate and 
hyaline. Setae were dark brown (80.23-110.52 μm) and the conidial 
appressoria (5.46-10.43×4.25-8.36 μm) were light brown with smooth 
edges and slightly irregular to circular in shape. Phylogenetic analysis was 
done for three isolates using gene sequenes of ITS, glyceraldehyde-3-
phosphate dehydrogenase, β-tubulin and the partial mating type locus 
MAT1-2. Results showed that the isolates were C. gloeosporioides. Artificial 
inoculation of the isolates to healthy hard kiwi seedlings in the greenhouse 
produced symptoms similar to the original field symptoms.  
2.4. Fusarium incarnatum, the soil borne pathogen  
Fusarium species are ubiquitous in soil, and have a wide host range which 
can cause diseases in plants, humans, and domesticated animals (Agrios, 
2005). They are considered economically important pathogens that can 
infect almost all major agricultural crops. They are reported to invade all 
vegetative and reproductive parts of the plant producing diseases such as 
wilts, rots or blights. In fact, members of this genus have been isolated 
from the soils in every continent except Antarctica (Windels, 1992). There 
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has been a dramatic increase in the knowledge on diversity of Fusarium 
species along with their evolutionary relationships because of the 
application of multilocus molecular phylogenetics and genealogical 
concordance phylogenetic species recognition over the last decade. 
Currently it is estimated that the genus Fusarium comprises at least 300 
genealogically exclusive phylogenetic species although less than half have 
been described formally (Aoki et al., 2014). 

Fusarium incarnatum, also known by the synonyms F. pallidoroseum 
and F. semitectum, is often considered as an important colonizer of plant 
tissues and causes several plant diseases. The fungus was found to be 
associated with canker disease in walnut (Juglans regia) that reduced its 
production in Argentina (Seta et al., 2004). Symptoms on fruits appeared 
as brown necrotic spots (20 mm diameter and depth 5 mm). Affected fruits 
were found to abscise prematurely. The putative fungal pathogen was 
isolated on potato dextrose agar and identified as F. incarnatum on the 
bases of its cultural features and micromorphology. Artificial inoculation of 
wounded branches of healthy one year old walnut plants by spraying with 
conidial suspension produced dieback after 30 days of inoculation. 
Cankers were observed 60 days post inoculation. F. incarnatum was 
reisolated from all the inoculated plants thereby confirming Koch’s 
postulates. In a similar study, Singh et al. (2011) also observed canker in 
walnut in Jammu and Kashmir, India. The authors found cankerous 
growth on seedling stems which later extended to lateral branches. The 
putative fungal pathogen was isolated on potato dextrose agar and cultural 
and morphological studies were done using carnation leaf agar. Powdery 
white to rosy fungal colonies that was floccose in appearance when kept for 
7 days at 250C was noted. Macroconidia (30-35×3.5-5.7 μm) were four to 
eight septate and either straight or slightly curved. The pathogen was 
identified as F. incarnatum. For pathogenicity test, bruised branches of 
one-year-old walnut plants were sprayed with conidial suspension and 
maintained at 85% relative humidity and 20±20C for 48 h. Branch dieback 
followed by canker symptoms were produced on inoculated plants after 50 
days of inoculation. 
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Abdul-Aziz et al. (2012) collected 15 seed samples of local alfalfa 

(Medicago sativa L.) from open fields in Saudi Arabia and screened them for 
seed-borne mycoflora. Altogether, 24 genera and 35 species of fungi were 
isolated. The authors also studied the syndromes of seed discoloration 
which revealed that seed discoloration adversely affected seed germination. 
The most common pathogenic fungi observed on discolored seeds were 
Stemphylium botryosum and Fusarium incarnatum. 

Song et al. (2014) isolated Fusarium cf. incarnatum from the stem of 
Panax ginseng plants with rot symptoms. Microscopic examination of PDA 
cultures revealed hyaline microconidia and falcate or slightly curved 
macroconidia with multiple septa. The features were similar to the typical 
mycological characteristics of Fusarium. Artificial inoculation of root discs 
as well as roots of plants with conidial suspensions of the isolated fungus 
showed root rot symptoms. For identification of the pathogen, the 
translation elongation factor-1α gene (EF-1α) was amplified by PCR using 
EF1/EF2 primers and sequences obtained (Acc. No. KC478361) were 
subjected to phylogenetic analysis. Results showed that the generated 
sequences had 100% sequence identity to other F. cf. incarnatum strains 
(Acc. Nos. JF270205 and GQ339786). 

In a study on stalk rot caused by Fusarium spp. in maize Gai et al. 
(2016) observed dark pith disintegration of the stalks in China. Pathogen 
was isolated from pith tissue after surface sterilization in streptomycin 
amended potato dextrose agar and grown on both potato dextrose agar and 
carnation leaf agar. White to yellowish brown cotton-like colony was 
observed in culture. Macroconidia (36.5±5.5 μm × 4.5±0.8 μm) were found 
to be slightly curved, 3 to 5 septate, with a foot-shaped basal cell and a 
tapering apical cell. Microconidia (22.8±5.0 μm × 3.6±0.6 μm) were 1 to 5 
septate, fusoid; chlamydospores were absent. For phylogenetic analysis, 
the partial elongation factor-1 alpha (EF-1α) gene was amplified by PCR 
using EF-1H and EF-2T primers. The obtained sequence (Acc. No. 
KT313002) was found to be 99% similar to other sequences of Fusarium 
incarnatum deposited in GenBank. Pathogenicity tests were conducted on 
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maize seedlings in pot experiments. Stunted plants with light-colored 
leaves and fewer lateral roots were observed after 2 months of inoculation. 
The pathogen was reisolated from the infected mesocotyls which showed 
similar characteristics as the original isolates. 

Ramdial et al. (2016) observed symptoms of fruit rot in bell peppers 
(Capsicum annuum L.) in North Trinidad. The symptoms which appeared as 
large, necrotic lesions (up to 40 mm in diameter), with signs of internal 
decay were seen on mature pepper fruit in 17 fields. Fungal pathogen was 
isolated from infected fruits in potato dextrose agar. Microconidia (10-12× 
3-4 μm) were ovoid, nonseptate, single-celled and hyaline. Macroconidia 
(28-31×3-5 μm) were slightly curved, four- to five septate and tapered at 
the apex. PCR amplification of the translation elongation factor 1a (EF1a) 
was carried out using primers EF1 and EF2 and the obtained amplicons 
were sequenced. (Acc. No. KR003731). The sequence when subjected to 
BLAST search showed 99% identity to EF1a sequences of F. incarnatum in 
GenBank (Acc. Nos. JF270259 and KF993974). Additionally, the sequence 
showed 100% identity to the Fusarium-incarnatum equiseti species complex 
in the Fusarium-ID database. Pathogenicity tests were conducted on 
wounded and nonwounded healthy, mature pepper fruits. Results showed 
that wounded fruits developed necrotic lesions. 

Marcenaro and Valkonen (2016) studied fungal pathogens associated 
with common bean (Phaseolus vulgaris L.) in Nicaragua. Analysis of the 
internal transcribed spacer sequences (ITS1 and ITS2) of the ribosomal 
RNA genes of the pathogenic isolates revealed the occurrence of three 
Fusarium genera including F. incarnatum. Guo et al. (2016) observed 
round, slightly concave severe dark brown to black spots (3-5 mm in 
diameter) on the fruit epicarp of Chinese jujube (Ziziphus jujube Mill.) in 
Xinjiang, China. The diseased fruit tasted bitter and were inedible. The 
pathogen was isolated from diseased fruits and was identified as Fusarium. 
The ITS region of rRNA gene and the β-tubulin gene was amplified by PCR. 
The ITS sequences (Acc. Nos. KP133058 and KP133059) were 99% identical 
to that of F. incarnatum (Acc. No. JN986779). The β-tubulin gene 
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sequences (Acc. Nos. KP133060 and KP133061) were also 99% identical to 
that F. incarnatum (AB587036). Pathogenicity was tested by inoculating 
fresh fruits with PDA plugs of the fungal isolate. Disease symptoms 
appeared on the fruits after 10 days. The pathogen was reisolated from 
symptomatic fruits. 

Chen et al. (2017) observed symptoms of root rot in mulberry tree 
(Morus alba L.) in China. The infected stems and roots showed brown 
xylem which turned black. Cortex rot was noted in roots and leaves wilted.  
The pathogen was isolated from root tips of symptomatic plants on potato 
dextrose agar. Fungal colonies produced white to light beige aerial mycelia. 
Macroconidia (22.6-37.2 μm × 3.67-5.01 μm) were slightly curved, 3-4 
septate and the apical cell was uniformly tapering. Microconidia (10-12 × 
3-4 μm) were ovoid and single-celled. PCR amplification of partial 
translation elongation factor-1 alpha (EF-1α) and beta-tubulin (TUB2) 
genes was carried out and sequences were deposited in GenBank (Acc. 
Nos. KY509036 and KY509037 respectively). BLAST analysis with the EF-
1α and TUB2 sequences revealed that they were respectively 100% and 
99% identical to F. incarnatum sequences. Pathogenicity tests showed that 
root rot symptoms developed in plants inoculated with the isolated F. 
incarnatum pathogen. 
2.5. Induction of systemic resistance 
Plants utilize multiple layers of defense to resist pathogen attack. Such 
defenses include both preformed and inducible mechanisms (Spoel and 
Dong, 2012). In tissues infected by pathogen, the plant recognizes specific 
molecular patterns or PAMP/MAMP (pathogen/microbe associated 
molecular pattern) which is conserved among groups of microbes. This 
results in the activation of PTI (PAMP-triggered immunity), which restricts 
the level of pathogen growth. Contrary to PTI, ETI (effector-triggered 
immunity), which gets activated in plants in response to race-specific 
effectors released by the invading pathogen, has better impact on limiting 
pathogen growth (Fu and Dong, 2013; Shah and Zeier, 2013). The plant 
genome encodes several resistance (R) proteins that facilitate the plant to 
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identify avirulence (avr) factors produced by the pathogens. The interaction 
between R and avr in the infected tissue activates the synthesis of 
antimicrobial compounds, reactive oxygen species (ROS), and sometimes 
the hypersensitive response (HR) that directs programmed cell death. These 
responses constitute the innate immunity of the plant. In addition, a 
secondary resistance response gets induced in the healthy plant tissues 
which confer a long-lasting resistance to subsequent infections by a broad 
range of pathogens (Mou et al., 2003). 

 Induced resistance in plants is a condition that is triggered by 
biological or chemical inducers that protects the plants against future 
stress caused by biotic factors such as pathogenic microorganisms (Kuc, 
1982). Induction of resistance in plants can be achieved in response to 
several factors including pathogen infection, insect herbivory, treatment 
with specific chemicals or colonization of the plant roots by specific 
beneficial microbes (Pieterse et al., 2014). Under the condition of induced 
resistance, latent defense mechanisms of the plant are activated. Upon 
challenge from specific external biotic stress, the mechanisms are 
expressed both locally and systemically and an enhanced level of protection 
is achieved not only against the original stressor, but against a broad 
spectrum of attackers (Walters et al., 2013). A well connected network of 
multiple signaling pathways regulates induced resistance where plant 
hormones play a major role (Pieterse et al., 2014). 

Induced resistance in plants can be broadly divided into two main 
types: induced systemic resistance (ISR) and systemic acquired resistance 
(SAR). ISR is mediated by a jasmonate and ethylene-sensitive pathway and 
can be induced by colonization of plant roots by specific strains of plant 
growth promoting rhizobacteria. SAR is mediated by a salicylic acid (SA)-
dependent process which can develop upon treatment with various agents 
or elicitors that includes certain chemicals, botanical extracts, virulent or 
avirulent pathogens and beneficial microbes (Choudhary et al., 2007; Spoel 
and Dong, 2012). Development of SAR requires a particular time period 
depending on the plant and elicitor, during which several defense related 
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genes are activated and expressed; and defense enzymes such as the 
pathogenesis related proteins get accumulated (Choudhary et al., 2007). In 
addition to direct activation of defences, induction of resistance can cause 
priming of cells, which can lead to a stronger elicitation of these defences 
triggered by pathogen attack. SAR can even be passed on to progeny 
through epigenetic regulation (Fu and Dong, 2013). Induced resistance 
therefore occurs as a result of a combination of priming and direct 
induction (Goellner and Conrath, 2008; Ahmad et al., 2010). In last fifteen 
years, extensive research work has been performed for the establishment of 
SAR by the application of a variety of biotic and abiotic inducers, and 
phyto-extracts (Yoshioka et al., 2001; Meena et al., 2001; Higa et al., 2001; 
Kaur and Kolte, 2001; Paul and Sharma, 2002; Ghosh and Purkayastha, 
2003; Nakashita et al., 2003; Li et al., 2008; Frías et al., 2013; Gao et al., 
2014; Dewen et al., 2017). 

The term SAR was coined by Ross in the 1960s for the phenomenon 
in which, the tissues away from the site of infection develop resistance in 
response to an infection that has occurred elsewhere in the plant (Ross, 
1961). SAR is characterized by enhanced levels of SA and studies have 
shown that for the establishment of SAR, signalling and accumulation of 
SA are essential (Pieterse et al., 2014). On resistance induction, Local SA 
levels are reported to increase along with the formation of a mobile signal 
which is transported throughout the plant. This further leads to local SA 
production in leaves distant from the site of infection. Besides, a well co-
ordinated activation of pathogenesis related (PR) genes that encode PR 
proteins occur simultaneously. Many of these proteins are antimicrobial in 
nature that defend the plant against invading pathogen. The set of 
antimicrobial protein/peptide genes that get induced includes PR-1, PR-2 
(β-1,3-glucanase) and PR-5 (thaumatin-like protein) (Choudhary et al., 
2007, Pieterse et al., 2014). 

Although SA get accumulated in the phloem sap of plants that 
express SAR, it has been experimentally proved in grafted tobacco plants 
that SA itself is not translocated as signal to the distant tissues (Vernooij et 
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al., 1994). However, SA is required for SAR because experimental 
transgenic Arabidopsis plants that express the nahG gene encoding 
salicylate hydroxylase, an enzyme that converts SA to catechol, are 
incapable of inducing SAR (Gaffney et al., 1993; Lawton et al., 1995). 
Further studies at the biochemical and gene level revealed the involvement 
of several metabolites including azelaic acid, pipecolic acid, the diterpenoid 
dehydroabietinal, a glycerol-3-phosphate dependent factor and methyl 
salicylate in long-distance SAR signalling. Additionally the involvement of 
flavin dependent monooxygenase is necessary for SAR which functions in 
amplifying the long-distance signals from the original primary leaves 
(Pieterse et al., 2014). The Arabidopsis NPR1 (nonexpresser of PR genes 1) 
protein is considered as the master regulator of SAR. The NPR1 adaptor 
proteins NPR3 and NPR4 are sites for binding SA which regulates their 
interactions with NPR1, and controls stability of the NPR1 protein. 
However, the process of interaction between TGA transcription factors and 
NPR1 that leads to expression of defense genes is still not well understood. 
In addition, several other factors including redox regulators, the mediator 
complex, WRKY transcription factors, endoplasmic reticulum–resident 
proteins, and DNA repair proteins play significant roles in SAR. 

The PR proteins comprise altogether 17 families of induced proteins. 
These families are numbered in the order in which they were discovered. 
Many of these proteins are directly involved in limiting proliferation of the 
invading pathogen. PR-1 is the best characterized of these proteins and 
regarded as the marker of SAR (Ryals et al., 1996; Van Loon, 2006). PR-2 
family has been identified as β-1,3-glucanases and the PR-3, PR-4. PR-8 
and PR-11 were identified as endochitinases all of which can act against 
fungi. This is because the cell walls of many fungi are the polysaccharides 
β-1,3-glucan and chitin which are substrates for β-1,3-glucanases and 
chitinases, respectively. These proteins have been shown to inhibit fungal 
growth in vitro and even functions synergistically to cause stronger 
inhibition (Sela-Buurlage et al., 1993). Presence of chtinases in plants 
which themselves lack chitin have led to the conclusion that these 
hydrolytic proteins are part of the defense response involved in 
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systemically induced resistance (Van Loon, 2006).  PR-6 is a proteinase 
inhibitor, which together with the chitinases could act against nematodes 
and herbivorous insects. PR-7 is an endoproteinase of the subtilisin-like 
proteinase family that is the most prominent in tomato and might function 
in dissoloution of the microbial cell wall (Jorda et al., 2000). The PR-8 
family possesses lysozyme activity which may target the pathogenic 
bacteria. PR-9 is a specific peroxidise that plays a role in reinforcement of 
plant cell wall by catalysing lignifications and provide improved protection 
against multiple pathogens (Passardi et al., 2004). Members of PR-10 have 
been found to be homologous to ribonucleases, and some possess weak 
ribonuclease activity (Bufe et al., 1996). These proteins are assumed to be 
functional against viral invaders. Members of the PR-12 (defensins) and 
PR-13 (thionins), both have broad spectrum antibacterial and antifungal 
activities (Epple et al., 1997; Lay and Anderson, 2005). PR-14 proteins are 
lipid transfer proteins which also possess antifungal and antibacterial 
activities (Garcia-Olmedo et al., 1995). Members of PR-15 are proteins of 
monocots and are germin-like oxalate oxidases. PR-16 also of monocots 
constitutes families of oxalate oxidase like proteins that possess superoxide 
dismutase activity. Members of PR-17 proteins resemble zinc-
metalloproteinases and have been found in infected tobacco, wheat and 
barley (Christensen et al., 2002). In general, there are considerable 
variations among the members of the same PR ptotein family (Van Loon et 
al., 2006). Moreover, all the PR-proteins are not found in all the plant 
species. 

Since it was evident that SA is the endogenous signal for the 
induction of SAR, therefore characterisation of synthetic chemicals that are 
able to mimic SA in activating SAR became the focus of several studies. 
The compound 2,6-dichloroisonicotinic acid and its methyl ester (both 
referred to as INA) were the first synthetic compounds shown to activate 
SAR, thus providing resistance to a wide range of diseases (Métraux et al., 
1991; Ryals et al., 1996). As some crops tolerate INA insufficiently, a novel 
benzothiadiazole (BTH, synonym ‘acibenzolar-S-methyl) soon became very 
attractive compound in activating SAR (Friedrich et al., 1996; Görlach et 
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al., 1996; Lawton et al., 1995). Several reports suggest that BTH is capable 
of providing protection to various crops in the field against a broad 
spectrum of diseases (Beckers and Conrath, 2007). Thus BTH was popular 
for practical use in agriculture and was introduced as a ‘plant activator’ 
(Ruess et al., 1996) with trade names such as Actigard1, Bion1, or Boost1. 
However, in most of the cases, BTH has not been economically viable due 
to the moderate activity which was in contrast to the excellent and strong 
action of standard fungicides.  

Over the past decade, many natural and synthetic compounds have 
been reported to be capable of inducing defense activity in plants. This 
includes the nonprotein amino acid b-aminobutyric acid (BABA), which 
was shown to be associated with enhanced resistance to several pathogens, 
insects, nematodes as well as abiotic stresses such as drought and salt 
stress. Foliar application of BABA suppressed downy mildew in field-grown 
grape caused by Plasmopara viticola. BABA also protected potato and 
tomato plants in the field against Phytophthora infestans and inhibited wilt 
disease in melon induced by Monosporascus cannonballus (Beckers and 
Conrath, 2007). Moreover, BABA also exhibited synergistic interaction with 
certain fungicides or plant activators (Cohen, 2002). The mechanism of 
action of BABA differs from other plant activators (INA, BTH) which 
function via the SAR pathway of PR-proteins against all pathogens. BABA 
has been thought to defend the oomycetes independent of the SA pathway. 
However, it utilizes the SA pathway to develop protection against bacteria, 
TMV, and a necrotrophic fungus (Cohen, 2002). 

Plants have developed multiple defence signalling pathways to 
combat pathogen attacks and adjust to adverse environmental conditions 
(Jones and Dangl, 2006). Phenylpropanoids are secondary metabolites of 
plants that are used for diverse end products. Transcriptional regulation of 
enzyme levels in the phenylpropanoid pathway exhibits the different types 
of controls exerted on the pathway (Huang et al., 2010; Vogt, 2010). 
Phenylpropanoid pathway yields cell wall associated phenolics, lignin, 
flavonoid pigments, antimicrobial phenolics and UV protectants which are 
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synthesized in response to several factors including pathogen attack, 
mechanical and UV stress as well as normal developmental signals (Bevan 
et al., 1989; Dixon and Paiva, 1995; La Camera et al., 2004). 
Transcriptional regulation of genes encoding different enzymes of 
phenylpropanoid pathway occurs in response to these various stimuli. A 
primary enzyme considered to be involved in regulating this pathway is 
phenylalanine ammonia lyase (PAL, EC 4.3.1.5). PAL is an inducible 
enzyme that catalyses the conversion of phenylalanine to cinnamic acid, 
which is the precursor of all phenylpropanoids. This is the first step in the 
phenylpropanoid pathway, and is a crucial regulation point between 
primary and secondary metabolism (Kim and Hwang, 2014). Transcripts of 
PAL genes have been found to accumulate in response to elicitors as well 
as in many different incompatible host-pathogen combinations (Mauch-
Mani and Slusarenko, 1996).  PAL functions in producing precursors for 
lignin biosynthesis and other phenolics that get accumulated in response 
to elicitor treatment or pathogen infection, including SA that has been 
shown to be essential SAR.  
2.6. Inhibition of pathogenic microorganisms by biocontrol agents and 
botanical extracts 
Chemical pesticides which are used to manage plant diseases have 
negative impacts on the environment and on human health. Besides, 
growing cost of pesticides (Gerhardson, 2002; Compant et al., 2005), 
development of pathogen resistance (Van den Bosch and Gilligan, 2008) 
and ineffectivity of chemicals in fastidious cases (Compant et al., 2005) 
have made pesticides unpopular. This has become a matter of increasing 
concern and there has been an all-round demand for healthy food that is 
free of pesticides residues. This awareness has compelled rapid 
development of environmental friendly disease management strategies. 
Over the last two decades, the significance of research on biocontrol agents 
and antimicrobial botanical extracts has increased immensely. But, inspite 
of this urgent need to find alternative arsenals to combat phytopathogens, 
not many biocontrol agents or phytoextracts have been registered till today 
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and those registered do not always produce predictable results (Fravel, 
2005; Gerbore et al., 2014). 

The term biological control in plant protection studies refers to the 
use of organisms for restricting the growth of pests and pathogens.  In 
plant pathology, it applies to the use of microbial agents with antagonistic 
activity against plant pathogens for the suppression of diseases. These 
antagonistic microbes use diverse mechanisms to restrict pathogen growth. 
These may directly cause harm to the pathogen or may act indirectly by 
enhancing host resistance. Direct methods include parasitism; antibiosis; 
degradation of pathogenicity factors; competition for nutrients, space or 
infection sites and production of cell wall degrading enzymes. Indirect 
methods include plant growth promotion and induction of systemic 
resistance (Pal and Gardener, 2006; Whipps, 2001). A wide spectrum of 
bacteria and fungi has been utilized to control or inhibit plant pathogens 
and stimulate plant growth. Some of the most reported genera includes 
Trichoderma, Bacillus, Pseudomonas, Serratia, Streptomyces, Azospirillum, 
Burkholderia , Enterobacter and Rhizobium (Shaikh et al., 2016). 

Plants naturally synthesize a wide range of secondary metabolites of 
diverse chemical groups which represent a significant source of 
antimicrobials, pesticides and many pharmaceutical drugs. In these 
natural sources, an array of molecules with antifungal activity against 
different types of fungus of specific importance has been reported. An 
estimate shows that 70-80% of total world population depends on 
traditional herbal medicines for primary health care needs (Hamayun et al. 
2006). Plants are considered as useful sources of antifungal molecules that 
are benign to the environment. The use of botanical extracts for controlling 
diseases of plants have gained importance due to the recent global 
awareness on hazards of using chemical fungicides. These include 
accumulation of fungicides residues in food chain, high costs, development 
of resistance, associated resurgence in fungi and risk to human health 
(Van den Bosch and Gilligan, 2008). Using botanical pesticides is 
advantageous because these are safe to non-target organisms, 
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biodegradable, renewable and go well with the sustainability of local 
ecology and environment. These have made the natural products an 
attractive resource for novel plant protection strategies. 
  



 
 

MATERIALS AND METHODS 
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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.  



 

RESULTS 
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4.1. Disease occurrence in leaves and fruits in L. siceraria. 
At the onset of the present study, different fields of North Bengal were 
surveyed for disease occurrence on fruits and leaves of L. siceraria. It was 
observed that fruit rot is a major problem in the cultivation of bottle gourd 
in the present study area. Fruits at the stage of 5-6 cm in length were 
generally attacked by some fungal pathogens. In addition nearby leaves 
were also found to contain fungal infections. Severe rots were observed in 
the fruits. Necrotic symptoms were also found in the leaves. In the most 
severe conditions, fruits as well as leaves turned into brown necrotic 
conditions.  

Initially all the five districts viz. Darjeeling, Jalpaiguri, Coochbehar, 
Alipurduar and Uttar Dinajpur of sub-Himalayan West Bengal were 
surveyed. Disease incidence varied from month to month and place to 
place. An increase in disease incidence was noted during June-August 
which is the monsoon season. Least disease incidence was noted in winter 
during December-February. Severity of the disease was found at an 
alarming percentage of around 40%, in the period of June-August, in the 
plains of Darjeeling and Jalpaiguri district (Table 4.1). The yearly average 
of all districts was recorded as 17.04%. 

Fruit rot disease of varying severity observed in the different 
cultivation fields of North Bengal have been presented (Fig. 4.1, 4.2 and 
4.3). Lesions on fruits began as irregular, brown water soaked spots that 
enlarged, coalesced and spreaded around the fruit within 4-5 days. Fungal 
hyphae appeared outside the fruit and finally the whole fruit was covered 
with fungus. As the disease progressed, portions of the fruits were 
distorted and dried and growth was reduced. 

Lesions on leaves were less severe. It also began as small brown 
spots near the margins which enlarged and progressed inward. In advance 
stages the lesions turned dark brown and more than 50% of the leaf was 
affected. 
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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 
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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). 
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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. 
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Table 4.1: Percentage disease incidence on the basis of field survey during 
the year 2013-2014. 

District 
Percentage (%) disease incidence*  

Dec-
Feb 

Mar-
May 

Jun-
Aug 

Sep-
Nov 

Annual 
Mean* of 

each 
district 

Darjeeling 11 16 40 25 23 

Jalpaiguri 0.8 18 35 20 18.45 

Alipurduar 2.0 15 28 14 14.75 

Coochbehar 0.8 20 20 16 14.2 

Uttar Dinajpur 5.0 14 24 15 14.5 

Mean Percentage  **of all the districts     17.04 

**Percentage disease incidence (Fruit rot) was calculated on the basis of 100 plants 
observed randomly in each district of the area under study. ** Mean Percentage of disease 
was calculated on the basis of combined results of five districts.  

From the disease survey results, it was evident that some portions of 
Darjeeling district (Khoribari Block) under Siliguri subdivision were most 
severely affected. Several infected samples from Khoribari region were 
collected and were brought to the laboratory for isolation of the pathogen.  
4.2. Isolation of fungi and pathogenicity test 
Altogether 13 fungal cultures (KBG-01, KBG-02, KBG-03, KBG-04, F/A/1, 
L/A/1, N/F/1, N/L/1, K/F/1, K/L/1, F/A/2, MBF-03 and MBL-01) were 
obtained in PDA. Each of these was tested for their pathogenicity in bottle 
gourd fruits and leaves. Of these F/A/1 and F/A/2, which was later 
identified as C. gloeosporioides and F. incarnatum respectively, was found 
to induce disease symptoms.  
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4.2.1. Pathogenicity test on bottle gourd fruits 
Pathogenicity of two fungal isolates was tested on healthy bottle gourd 
fruits (Fig. 4.4). Results are summarized in Tables 4.2 and 4.3. The 
symptoms appeared in the area of inoculation as brownish necrotic spots 
which gradually increased in size and turned dark. The spots coalesced as 
the disease progressed and brown patches developed around site of 
inoculation after 10 days (Fig. 4.5). Gadda-1 variety was found to be more 
susceptible than the Local variety, which exhibited browning only at the 
sctraches (Fig. 4.6). The disease severity was found to be marginally higher 
in fruits inoculated by C. gloeosporioides after 10 days of inoculation. 
Control fruits did not show any disease symptoms during the entire period 
of observation. The pathogens were reisolated from the infected fruits and 
found to be similar to the original isolates by microscopic studies. The 
Koch’s postulations were thereby verified. 
Table 4.2. Pathogenicity of C. gloeosporioides on bottle gourd fruits. 

Varieties Disease incidence (in grades*) 
Incubation period (Days) 

2 4 6 8 10 
Gadda-1 0 + ++ ++ +++ 
Control (Gadda-1) 0 0 0 0 0 
Local Variety 0 + + ++ ++ 
Control (Local Variety) 0 0 0 0 0 
*Disease grades ‘0’ = no browning; ‘+’= browning just started; ‘++’ =deep brown; ‘+++’ = 
parallel deep brown lines started coalescence.  
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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. 
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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. 
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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 variety) after 10 days of inoculation; (d) Deep brown lines found after 10 days of 
inoculation. 
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Table 4.3. Pathogenicity of F. incarnatum on bottle gourd fruits. 

*Disease grades ‘0’ = no browning; ‘+’= browning just started; ‘++’ =deep brown; ‘+++’ = 
parallel deep brown lines started coalescence.  

4.2.2. Pathogenicity test on leaves of bottle gourd 
Plants containing four to five leaves were selected for pathogenicity test of 
C. gloeosporioides, and F. incarnatum. Details of the experimental set up 
and disease assessment have been discussed in the materials and 
methods. The results were computed following the method of Sinha and 
Das (1972) and presented in the tables 4.4 and 4.5.   

When pathogenicity of C. gloeosporioides was determined, it was 
evident from the results (Table 4.4) of mean disease index/plant value that 
Gadda 1 variety was most susceptible and Local variety was moderately 
susceptible to C. gloeosporioides. No varieties were resistant to the 
pathogen. Disease symptoms were found to develop from 2nd day after 
inoculation and it increased up to 10th day (Fig. 4.7). Similar results were 
observed in case of Local variety where disease initiated from 4th day after 
inoculation and severity of the disease was lesser than the Gadda 1 variety. 
Disease indices were 5.75 and 3.75 respectively for the ‘Gadda 1’ and Local 

Varieties 

Disease incidence (in grades*) 

Incubation period (Days) 

2 4 6 8 10 

Gadda-1 0 + ++ ++ ++ 

Control (Gadda-1) 0 0 0 0 0 

Local Variety 0 + + ++ ++ 

Control (Local Variety) 0 0 0 0 0 
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variety as observed on the 10th day. The control set of plants did not show 
any disease symptoms. 

In another experiment, pathogenicity of F. incarnatum was 
determined.  From the results (Table 4.5) of mean disease index/plant 
value, it was evident that ‘Gadda 1’ variety was most susceptible and Local 
variety was moderately susceptible to F. incarnatum (Fig. 4.7). However, 
disease severity was less than that induced by C. gloeosporioides.  Neither 
of the two varieties was resistant. Disease symptoms were visible after four 
days in case of Gadda 1 variety but disease appeared after six days in Local 
variety.  Disease indices were 4.05 and 2.75 respectively for the Gadda 1 
and Local variety against F. incarnatum after ten days of inoculation. The 
control set of plants did not show any disease symptoms even after 10 days 
of inoculation. 
Table 4.4. Pathogenicity of C. gloeosporioides on whole plants of two 
different L. siceraria varieties 

* Mean of 3 replications, data after ± represent standard error values. 

 
 

Bottle gourd varieties Mean foliar disease index/plant* 
Incubation periods (days) 

2 4 6 8 10 
Gadda-1 1.05 

±0.10 
2.60 
±0.24 

3.90 
±0.26 

4.85 
±0.33 

5.75 
±0.22 

Control (Gadda-1) 0 0 0 0 0 
Local Variety 0 1.01 

±0.10 
1.85 
±0.18 

2.85 
±0.31 

3.75 
±0.21 

Control (Local Variety) 0 0 0 0 0 
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Table 4.5. Pathogenicity of F. incarnatum on whole plants of two different L. 
siceraria varieties. 

* Mean of 3 replications, data after ± represent standard error values. 
 
  
 
 
 
 
 
 
 
 
 
 
 

Bottle gourd Varieties Mean foliar disease index/plant* 
Incubation periods (days) 

2 4 6 8 10 
Gadda-1 0 1.86 

±0.26 
3.10 
±0.10 

3.85 
±0.28 

4.05 
±0.10 

Control (Gadda-1) 0 0 0 0 0 
Local Variety 0 0 1.75 

±0.14 
2.05 
±0.06 

2.75 
±0.19 

Control (Local Variety) 0 0 0 0 0 
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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. 
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4.3. Morphological and Physiological characterizations of the two 
fungal isolates.  
4.3.1. Studies on morphology of the pathogens 
The growth and sporulation of the two pathogenic isolates was observed 
after growing in PDA, and morphology was observed under microscope. The 
colony of C. gloeosporioides isolate F/A/1 was white in color with cottony 
mycelium (Fig. 4.8), while the reverse side of the colony was dark grey with 
regular colony margins. The growth was circular with the radial 
advancements. Radial growth rings are evident on the mycelia mat. 
Sporulation was observed from 8th day onwards. The colony of Fusarium 
incarnatum isolate F/A/2 was pale yellow in color with fluffy-cottony 
mycelia growth (Fig. 4.8). The reverse side of the colony was deep orange in 
color. In this case also sporulation started on 8th day but in comparison to 
F/A/1 the degree of sporulation was much less. 

Under light microscope conidia of F/A/1 was found to be aseptate, 
straight and elliptical with broadly rounded ends (Fig. 4.9a). The length 
and breadth were recorded to be 18.4±1.2 μm × 4.9±0.7 μm. In case of 
F/A/2 both macro- and micro- conidia were visible (Fig. 4.9b). Size of  
macroconidia were 29±1.9 μm (Length) × 3±1.7 μm (Breadth), 3-5 septate 
and slightly curved with tapered ends, whereas, microconidia were 11±1.6 
μm (Length) × 3±1.9 μm (Breadth), single celled, aseptate and ovoid. From 
the above mentioned morphological features F/A/1 and F/A/2 were 
identified as Colletotrichum sp. and Fusarium sp. respectively. On 
germination simple appresoria were found to develop on the tip of the 
germinated hyphae of Colletotrichum sp. 
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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. 
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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. 
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4.3.2. Culture conditions affecting growth and sporulation of the 
pathogens 
In vitro study of growth and sporulation of the two fungal pathogenic 
isolates C. gloeosporioides and F. incarnatum was performed under different 
culture conditions and in some different solid media. The details of the 
study are being discussed in the following sections. 
4.3.2.1. Mycelial growth and sporulation of pathogens in different 
solid media   
The fungal isolates were grown in seven different solid media and the radial 
growth of mycelium was measured at two days intervals. Results (Tables 
4.6 and 4.7) revealed that LDA is the best medium for vegetative growth of 
both the fungi. Radial mycelial growth produced by C. gloeosporioides and 
F. incarnatum after 10 days of incubation in LDA was observed to be 88.4 
mm and 89.9 mm respectively. Sporulation was however recorded as fair in 
this medium. Best medium for sporulation was found to be OMA which 
was recorded as excellent for both fungi. C. gloeosporioides produced good 
sporulation also in RA medium. Vegetative growth of C. gloeosporioides was 
found to be significantly low (p<0.05) in OMA and YEMA (72 mm) as 
compared to LDA (Table 4.6). However, in case of F. incarnatum, the 
variation in vegetative growth in different medium was less significant. 
Growth and sporulation in PDA was found to be optimum for both fungi 
(Tables 4.6 and 4.7).  
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Table: 4.6. Mycelia growth and sporulation of C. gloeosporioides in 
different solid media 
Media Radial growth (mm)* and sporulation 

2 4 6 8 10 
Growth Sp** Growth Sp Growth Sp Growth Sp Growth Sp 

PDA 13.33 
±0.88 

- 33.33 
±0.88 

- 53.00 
±0.58 

- 72.00 
±0.58 

+ 83.00 
±0.58 

+++ 

OMA 8.67 
±0.88 

- 18.00 
±0.58 

- 32.00 
±0.58 

+ 65.67 
±0.88 

+++ 72.00 
±0.58 

++++ 

YEMA 10.00 
±0.58 

- 20.67 
±0.88 

- 38.00 
±0.58 

- 67.00 
±0.58 

+ 72.00 
±0.58 

+ 

MEA 13.67 
±0.88 

- 34.33 
±0.88 

- 53.67 
±0.88 

- 74.00 
±0.58 

+ 85.00 
±0.58 

+ 

LDA 17.33 
±0.88 

- 38.00 
±0.58 

- 57.33 
±1.20 

+ 76.00 
±0.58 

+ 88.00 
±0.58 

++ 

CDA 16.00 
±0.58 

- 33.67 
±0.88 

- 55.67 
±0.88 

- 73.00 
±0.58 

+ 87.33 
±0.88 

+ 

RA 15.00 
±0.58 

- 31.00 
±0.58 

- 55.00 
±0.58 

+ 72.00 
±0.58 

++ 84.67 
±0.88 

+++ 

CD 
(5%) 

0.97  0.83  0.29  0.43  0.27  

*Mean of three replications. 
**Sp = Sporulation, – = Nil, + = poor, ++ = fair, +++ = good, ++++ = excellent. 
Data after + represent standard error values. 
Incubation temperature = 28  1oC, 
CD= critical difference, PDA = Potato dextrose agar, OMA= Oat meal agar, YEMA = Yeast 
extract manitol agar, MEA = Malt extract agar, LDA = Lagenaria dextrose agar 
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Table: 4.7. Mycelia growth and sporulation of Fusarium incarnatum in 
different solid media. 
Media Radial growth diameter (mm)* and sporulation 

2 4 6 8 10 
Growth Sp** Growth Sp Growth Sp Growth Sp Growth Sp 

PDA 13.00 
±0.58 

- 30.00 
±0.58 

- 49.00 
±0.58 

- 69.33 
±0.88 

+ 83.33 
±0.88 

++ 

OMA  14.00 
±0.58 

- 33.67 
±0.88 

- 52.00 
±0.58 

+ 73.67 
±0.88 

+++ 88.00 
±0.58 

++++ 

YEMA  11.67 
±0.88 

- 33.00 
±0.58 

- 49.67 
±0.88 

- 70.00 
±0.58 

- 85.00 
±0.58 

+ 

MEA 13.00 
±0.58 

- 32.33 
±0.88 

- 51.00 
±0.58 

+ 72.00 
±0.58 

+ 86.00 
±0.58 

++ 

LDA 18.00 
±0.58 

- 36.67 
±0.88 

- 59.67 
±0.88 

+ 78.00 
±0.58 

++ 89.33 
±0.88 

++ 

CDA 17.00 
±0.58 

- 35.33 
±0.88 

- 55.33 
±0.88 

+ 73.33 
±0.88 

+ 88.00 
±0.58 

+ 

RA 15.33 
±0.88 

- 31.00 
±0.58 

- 53.00 
±0.58 

- 70.33 
±1.20 

+ 86.33 
±0.88 

++ 

CD 
(5%)  0.31  0.31  0.40  0.19  0.26  

*Mean of three replications. 
**Sp = Sporulation, – = Nil, + = poor, ++ = fair, +++ = good, ++++ = excellent. 
Data after + represent standard error values. 
Incubation temperature = 28  1oC, 
CD= critical difference, PDA = Potato dextrose agar, OMA= Oat meal agar, YEMA = Yeast 
extract manitol agar, MEA = Malt extract agar, LDA = Lagenaria dextrose agar   
 
 
 



84  
4.3.2.2. Effect of different pH on mycelial growth of the pathogens 
Growth of the fungal pathogenic isolates under different pH conditions was 
tested in PDB medium by measuring the mycelial dry weights after every 
five days until 25 days of inoculation. The results are presented in Table 
4.8 and Table 4.9. It was found that both the fungi were able to grow under 
a wide range of pH, from 5.0 to 8.0. However, the optimum pH for growth 
was recorded as 6.0 for C. gloeosporioides and as 6.5 for F. incarnatum. 
Mycelial dry weight increased progressively with time until 20 days when 
maximum growth was recorded. Thereafter, growth declined for both the 
tested fungi. Maximum mycelial dry weight of C. gloeosporioides and F. 
incarnatum was recorded as 508.67 mg and 497mg respectively after 20 
days of inoculation. Moderate growth was observed at pH 5.5 and 7.0 while 
poor growth was observed at pH 5.0 and at pH 8.0. Least growth was 
recorded at pH 8.0 for both fungi. The results indicated that slightly acidic 
pH was best for the growth of pathogens.  
4.3.2.3. Effect of different incubation temperatures on mycelial 
growth of the pathogens 
Growth of the isolated pathogenic fungi at different temperatures (20-350C) 
was tested in PDB medium by measuring the mycelial dry weights after 
every five days until 25 days of inoculation. The results are presented in 
Tables 4.10 and 4.11. Results revealed that the optimum temperature for 
the growth of both the pathogens were 280C. At this temperature, the 
maximum mycelial dry weight for C. gloeosporioides was recorded as 
495.67 mg, whereas that of F. incarnatum was recorded as 508 mg, both 
after 20 days of incubation. Very poor growth was recorded at incubation 
temperature of 30-350C. However, results indicate that both of the 
pathogens were capable of growing at temperatures that ranges between 
200C-350C. 
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Table: 4.8. Effect of different pH on growth of C. gloeosporioides 

pH Mycelia dry weight (mg) * 

5 days  10 days 15 days 20 days 25 days 

5.0 41.67 
±0.88 

84.67 
±0.88 

199.00 
±0.58 

286.67 
±0.88 

231.00 
±0.58 

5.5 64.00 
±0.58 

153.00 
±0.58 

286.00 
±0.58 

353.67 
±33.83 

326.00 
±0.58 

6.0 166.67 
±0.88 

217.67 
±0.88 

326.33 
±33.34 

508.67 
±0.88 

488.67 
±0.88 

6.5 156.67 
±0.88 

198.67 
±0.88 

263.67 
±0.88 

479.67 
±0.88 

416.67 
±0.88 

7.0 141.00 
±0.58 

156.67 
±0.88 

236.33 
±0.88 

304.67 
±0.88 

233.67 
±0.88 

8.0 36.67 
±0.88 

53.67 
±0.88 

125.00 
±1.15 

151.67 
±0.88 

105.67 
±0.88 

CD (5%) 0.31 0.25 24.55 24.30 0.31 
*Mean of 3 replications; Data after ± represent standard error values. 
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Table: 4.9. Effect of different pH on growth of F. incarnatum 

pH Mycelia dry weight (mg) * 

5 days 10 days 15 days 20 days 25 days 

5.0 48.67 
±0.33 

95.33 
±0.67 

221.33 
±1.45 

295.33 
±0.88 

249.33 
±1.45 

5.5 51.67 
±0.88 

176.00 
±0.58 

273.00 
±0.58 

377.00 
±1.15 

299.67 
±0.88 

6.0 128.00 
±0.58 

208.00 
±0.58 

373.67 
±0.88 

483.00 
±0.58 

418.00 
±0.58 

6.5 118.00 
±0.58 

221.00 
±0.58 

384.00 
±0.58 

497.00 
±1.15 

423.00 
±0.58 

7.0 108.00 
±1.15 

157.00 
±1.15 

237.33 
±0.88 

378.00 
±0.58 

293.00 
±0.58 

8.0 16.67 
±0.88 

45.00 
±0.58 

107.67 
±0.88 

139.00 
±0.58 

98.67 
±0.88 

CD (5%) 0.78 1.04 0.95 1.24 0.96 
*Mean of 3 replications; Data after ± represent standard error values. 
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Table: 4.10. Effect of different temperature on mycelial growth of C. 
gloeosporioides 

Temp-erature (0C) Mycelial dry weight (mg)* 

5 Days 10 Days 15 Days 20 Days 25 Days 

20 63.33 
±0.88 

129.00 
±1.15 

232.67 
±2.33 

301.67 
±1.76 

271.00 
±3.61 

25 93.33 
±1.20 

167.33 
±1.86 

299.67 
±0.88 

402.00 
±1.53 

354.67 
±2.60 

28 152.33 
±2.03 

185.00 
±3.51 

352.00 
±1.53 

495.67 
±2.40 

422.33 
±2.40 

30 125.00 
±2.52 

126.67 
±1.20 

184.33 
±2.03 

243.33 
±2.85 

183.67 
±3.18 

35 87.33 
±0.88 

95.33 
±1.45 

89.00 
±1.53 

154.67 
±0.88 

134.67 
±2.91 

CD (5%) 3.01 4.97 4.30 4.64 1.62 
*Mean of three replicates; Data after ± represent standard error values. 
Dry weight of inoculating mycelia block was10.0 mg 
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Table: 4.11. Effect of different temperature on mycelial growth of F. 
incarnatum 

Temp-
erature 
(0C) 

Mycelial dry weight (mg)* 

5 Days 10 Days 15 Days 20 Days 25 Days 

20 73.00 
±0.58 

139.67 
±0.88 

261.00 
±0.58 

334.33 
±4.18 

286.67 
±0.88 

25 106.67 
±0.88 

203.00 
±3.61 

329.67 
±0.33 

423.00 
±0.58 

379.00 
±0.58 

28 156.67 
±0.88 

225.67 
±0.88 

376.00 
±0.58 

508.00 
±0.58 

426.67 
±0.88 

30 105.00 
±0.58 

126.67 
±0.88 

187.00 
±0.58 

215.00 
±0.58 

186.67 
±0.88 

35 66.67 
±0.88 

104.00 
±0.58 

112.00 
±0.58 

158.67 
±0.88 

168.00 
±0.58 

CD (5%) 0.41 4.32 0.33 3.62 0.41 
*Mean of three replicates; Data after ± represent standard error values. 
Dry weight of inoculating mycelia block was10.0 mg 
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4.4. Molecular Identification of the two pathogenic fungal isolates and 
their phylogenetic analysis  
4.4.1. Molecular identification of the isolates 
Alignment of the obtained rRNA sequences with that of the strains from the 
GenBank database was performed using the BLAST tool of NCBI for each 
fungal isolate. Isolate F/A/1 (Acc. No. KC355249) showed 99% nucleotide 
(nt) identity with Colletotrichum gloeosporioides from India infecting tea 
(Acc. No. KC493156). The F/A/2 isolate (Acc. No. KR263845) showed 99% 
nucleotide identity with Fusarium sp. from China infecting Thespesia 
populnea (Acc. No. KU296944) and with Fusarium incarnatum from China 
(Acc. No. KX184815) infecting Morchella importuna.  
4.4.2. Phylogenetic analysis of the two fungal isolates 
For further analysis sequence identity matrix and phylogenetic tree were 
created with different species and with the same species from different 
countries worldwide for both the fungi.  

In case of C. gloeosporioides, 97% to 100% nt identity was observed 
among all the C. gloeosporioides isolates and 86% to 96% nt identity was 
observed between C. gloeosporioides and other Colletotrichum species (Fig. 
4.10). In the phylogenetic tree also C. gloeosporioides formed a single 
cluster including the sequence of the present study. Different 
Colletotrichum species showed different clusters in the phylogenetic tree 
(Fig. 4.13). On the other hand different south-east Asian C. gloeosporioides 
isolates were clustered together with 97% to 100% nucleotide identity 
among themselves and all the other isolates formed different clusters 
showing 87% to 96% nucleotide identity (Fig. 4.11 and 4.12). This 
indicated that C. gloeosporioides isolates from south-east Asia share a 
common ancestral origin. 

In case of Fusarium sp., 97% to 100% nucleotide identity was 
observed among the isolates of the present study and F. incarnatum isolate, 
whereas, below 97% nucleotide identity was observed between F. 
incarnatum and other Fusarium species (Fig. 4.14). In the phylogenetic tree 
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also the present isolate clustered together with F. incarnatum and different 
Fusarium species formed separate clusters (Fig. 4.17). However, no 
significant variation was observed among the different isolates of F. 
incarnatum from different countries worldwide (Fig. 4.15 and 4.16). 
  



 
 
 
 
 
 

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

percentages are indicated on the right side corner of the matrix. 

 
gloeosporioides of the present study 
rRNA sequence analysis. Identity 



 
 
 
 
 
 

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

analysis. Identity percentages are indicated on the right side corner of the matrix.

 

 
gloeosporioides of the present study 

following 18S rRNA sequence 
analysis. Identity percentages are indicated on the right side corner of the matrix. 
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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.  
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Fig. 4.13. Phylogenetic tree generated by neighbour 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 
other Fusarium species following 18S rRNA sequence analysis. Identity percentages are 
indicated on the right side corner of the matrix
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Nucleotide sequence identity matrix of Fusarium sp. of the present study and 
species following 18S rRNA sequence analysis. Identity percentages are 

indicated on the right side corner of the matrix. 

 
of the present study and 

species following 18S rRNA sequence analysis. Identity percentages are 



 
 
 
 
 
 

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

Identity percentages are indicated on the right side corner of the matrix

 
Nucleotide sequence identity matrix of Fusarium sp. of the present study and F. 

isolates from different countries following 18S rRNA sequence analysis. 
Identity percentages are indicated on the right side corner of the matrix. 
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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. 
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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. 

 

KU
38

25
47

|U
SA

AY
63

37
45

|V
iet

na
m

KU
38

25
60

|U
SA

KU
38

25
68

|U
SA

KR
873

092
|Th

aila
nd

KM
519

192
|M

exic
o

KX75
777

3|M
exic

o

KT587650|Korea

KR091821|Korea

KP017774|Korea

KP017776|Korea

KP017777|Korea

KP017799|Korea

KP017808|Korea
KP017925|Korea

KT184723|KoreaKT184779|KoreaJX491059|Kenya
KU680357|Kenya

AB586988|Japan

AB975304|Japan

AY633745|Japan

FN597588|Italy

FN430680|Italy

KJ562367|Italy

KP691021|Iran

KU375667|I ranKX
92

93
11

|Ir
an

KT
36

22
15

|Ir
an

KM
92

16
63

|In
dia

KT
748

520
|In

dia

KT
824

428
|In

dia

KU84
432

6|I
ndi

a

JX480
580

|Ind
ia

KY052769|India
KY052772|IndiaKY024395|IndiaKP721564|IndiaJX491059|Germany

EU111657|Germany
KT587650|Egypt

EU111657|China

KJ572780|China

KR047083|China

KP453980|China

JX885463|China

KT224019|China

KT224020|China
KT224021|China

KT224022|China

KR263845|Fusarium sp.|India



99  
4.5. Induction of defense in susceptible bottle gourd plants (Gadda 1) 
by abiotic inducers against F. incarnatum and C. gloeosporioides and 
disease assessment. 
Bottle gourd seedlings and harvested fruits were sprayed with well known 
inducer chemicals BABA, BTH and GABA for induction of resistance 
against the fungal pathogenic isolates F. incarnatum and C. gloeosporioides. 
Experiments were conducted in four sets (untreated-uninoculated, 
untreated-inoculated, treated-uninoculated and treated-inoculated) and 
data were recorded every alternate day upto 8 days. The results of the 
experiments have been presented in tables 4.12-4.15. 

 Results conducted on fruits revealed that the inducers BTH and 
BABA were effective in protecting bottle gourd fruits from both of the fungal 
pathogens. Disease symptoms did not appear in any of the experimentally 
inoculated fruits even upto 8 days after inoculation with C. gloeosporioides. 
Fruits inoculated by F. incarnatum showed disease symptoms on the 8th 
day after inoculation when sprayed with BABA but no symptoms were 
noted even on the 8th day when sprayed with BTH. GABA was found to be 
moderately effective against the pathogens and no disease symptoms were 
noted till 6th day from the day of inoculation when inoculated by C. 
gloeosporioides and till 4th day when inoculated by F. incarnatum (Table 
4.12 and 4.13).  

When the experiment was carried out on the whole plant of bottle 
gourd seedlings (Table 4.14 and 4.15), similar type of result was found. 
BTH showed significantly good effect against C. gloeosporioides reducing 
the disease index to 0.67 from 4.85 and in case of F. incarnatum, BTH 
reduced the disease index to 0.25 from 3.85 (Tables 4.14 and 4.15). This is 
roughly 15 fold increase in resistance in bottle gourd plants. The other two 
inducers i.e. BABA and GABA were found moderately effective in reducing 
the disease incidence in whole plants against both pathogens. They showed 
about 2-4 fold decrease in disease incidence compared to the control set.  
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Table 4.12: Pathogenicity of Colletotrichum gloeosporioides on susceptible 
bottle gourd fruits (Gadda-1), after induction of resistance in plants with 
abiotic inducers. 

Varieties 
Disease incidence (in grades*) 

Incubation period (Days) 
2 4 6 8 

Control (untreated but inoculated) 0 + ++ +++ 
Inoculated and treated with BTH 0 0 0 0 
Inoculated and treated with BABA 0 0 0 0 
Inoculated and treated with GABA 0 0 0 + 
*Disease grades ‘0’ = no browning; ‘+’= browning just started; ‘++’ =deep 
brown; ‘+++’ = parallel deep brown lines started coalescence.  

Table 4.13 Pathogenicity of Fusarium incarnatum on susceptible bottle 
gourd fruits (Gadda-1) after induction of resistance in plants with abiotic 
inducers. 

*Disease grades ‘0’ = no browning; ‘+’= browning just started; ‘++’ =deep brown; ‘+++’ = 
parallel deep brown lines started coalescence.  

Varieties 
Disease incidence (in grades*) 

Incubation period (Days) 
2 4 6 8 

Control (untreated but inoculated) 0 + ++ +++ 
Inoculated and treated with BTH 0 0 0 0 
Inoculated and treated with BABA 0 0 0 + 
Inoculated and treated with GABA 0 0 + + 
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Table 4.14. Pathogenicity of Colletotrichum gloeosporioides on susceptible 
bottle gourd plants (Gadda-1), after induction of resistance in plants with 
abiotic inducers. 

Varieties 
Mean foliar disease index/plant* 

Incubation period (Days) 
2 4 6 8 

Control (untreated but inoculated) 1.05 
±0.08 

2.60 
±0.24 

3.90 
±0.26 

4.85 
±0.33 

Inoculated and treated with BTH 0.00 0.00 0.00 0.67 
±0.06 

Inoculated and treated with BABA 0.00 0.00 0.50 
±0.05 

1.25 
±0.14 

Inoculated and treated with GABA 0.00 0.00 0.67 
±0.06 

1.66 
±0.16 

* Mean of 3 replications, Data after ± represent standard error values. 

Table 4.15. Pathogenicity of Fusarium incarnatum on susceptible bottle 
gourd plants (Gadda-1), after induction of resistance in plants with abiotic 
inducers. 

Varieties 
Mean foliar disease index/plant* 

Incubation period (Days) 
2 4 6 8 

Control (untreated but inoculated) 0.00 1.86 
±0.26 

3.10 
±0.10 

3.85 
±0.28 

Inoculated and treated with BTH 0.00 0.00 0.00 0.25 
±0.04 

Inoculated and treated with BABA 0.00 0.00 0.00 0.40 
±0.05 

Inoculated and treated with GABA 0.00 0.00 0.56 
±0.03 

1.50 
±0.14 

* Mean of 3 replications, Data after ± represent standard error values. 
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4.6. Induction of defense-related enzymes in susceptible variety of L. 
siceraria by abiotic inducers and studies on some defense related 
enzymes. 
Acitivities of several defense related enzymes such as PAL, β-1,3-glucanase 
(PR-2), chitinase (PR-3) and peroxidase (PR-9) were tested in leaves of 
bottle gourd plants after induction of resistance by BTH, BABA and GABA 
and inoculation with the isolated fungal pathogens C. gloeosporioides or F. 
incarnatum in specific treatments. 
4.6.1. Activity of Peroxidase  
From the results (Tables 4.16 and 4.17 and Fig. 4.18 and 4.19) it was 
observed that GABA is the best inducer for peroxidase. Compared to the 
plants of control set, GABA treated plants showed increased activity of 
peroxidase. About 7 fold increase of the enzyme was observed on the fourth 
day after treatment with the inducer chemical. Untreated plants that were 
inoculated with C. gloeosporioides or F. incarnatum, showed only marginal 
increase in enzyme activity. Treatment with other inducers i.e. BTH and 
BABA also showed increased activity of the enzyme which increased further 
following inoculation. BABA induced plants showed the lowest peroxidase 
activity in comparison to the other two inducers. Untreated-uninoculated 
control plants showed no change in peroxidase level. 

The isoenzymes of peroxidase were visible as reddish brown bands in 
the polyacrylamide gels following activity staining (Fig.20). Four isozymes 
were detected on the gel in all treatments including control. The Rf of these 
bands were 0.27 (POI1), 0.37 (POI2), 0.68 (POI3), and 0.76 (POI4). 
However, the intensities of the isozymes were higher in treated sets than in 
control. The intensity of POI4 was found to be highest in GABA treated and 
inoculated plants. Band intensities did not vary significantly with respect 
to the two inoculated pathogens. 
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Table: 4.16. Peroxidase activity of Bottle gourd plants (Gadda-1) pre-
treated with chemical inducers followed by challenge-inoculation with C. 
gloeosporioides. 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 

Treatment 
 

Peroxidase activity [Δ420 min-1 g-1 fresh 
weight tissue] 

1 unit = 0.001absorbence 
Incubation periods [days] 

0d 2d 4d 6d 
Control 20.00 

 ±0.19 
20.67  
±0.77 

21.44 
±0.29 

21.44 
±0.29 

C. gloeosporioides 19.89 
 ±0.99 

51.78 
±0.79 

62.67 
±0.51 

43.45 
±0.62 

BTH 21.11 
 ±0.73 

67.33 
±1.26 

88.44 
±0.29 

48.33 
±0.69 

BTH+ C. gloeosporioides 20.22  
±0.49 

88.67 
±0.69 

130.11 
±0.30 

80.56 
±0.59 

BABA 19.11  
±0.49 

61.33 
±0.77 

83.56 
±0.48 

46.33 
±0.70 

BABA +  C. gloeosporioides 20.67 
 ±1.54 

73.11 
±1.60 

94.22 
±0.78 

55.78 
±0.29 

GABA 21.00  
±1.07 

97.33 
±1.26 

132.00 
±0.69 

77.11 
±0.49 

GABA + C. gloeosporioides 19.33 
 ±0.19 

109.79 
±0.96 

142.11 
±0.87 

99.33 
±0.38 
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Table: 4.17. Peroxidase activity of Bottle gourd plants (Gadda-1) pre-
treated with chemical inducers followed by challenge-inoculation with F. 
incarnatum.  

 

Treatment Peroxidase activity [Δ420 min-1 g-1 fresh weight 
tissue] 

1 unit = 0.001absorbence 
Incubation periods [days] 

0d 2d 4d 6d 
Control 20.00  

±0.19 
20.67  
±0.77 

21.44 
±0.29 

21.44 
±0.29 

F. incarnatum 20.33  
±0.38 

51.22 
±0.77 

56.33 
±0.77 

35.00 
±1.02 

BTH 21.11  
±0.73 

67.33 
±1.26 

88.44 
±0.29 

48.33 
±0.69 

BTH+ F. incarnatum 21.44  
±0.48 

123.99 
±0.94 

119.33 
±0.69 

70.67 
±1.07 

BABA 19.11  
±0.49 

61.33 
±0.77 

83.56 
±0.48 

46.33 
±0.70 

BABA +  F. incarnatum 22.00  
±0.51 

89.67 
±1.26 

102.78 
±1.24 

55.11 
±1.78 

GABA 21.00  
±1.07 

97.33 
±1.26 

132.00 
±0.69 

77.11 
±0.49 

GABA + incarnatum 21.55   
±0.40 

122.77 
±1.44 

148.00 
±1.57 

101.00 
±0.39 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
 



 

 
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]
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Activity of peroxidase in treated and inoculated bottle gourd plants (a) BTH 
treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Cg = 

inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 
TH+I = BTH treated and Cg Inoculated plants; BABA+I = BABA treated and Cg 

inoculated plants; GABA+I =  GABA treated and Cg inoculated plants]

 
Activity of peroxidase in treated and inoculated bottle gourd plants (a) BTH 

treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Cg = 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 

TH+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= 
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]
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Activity of peroxidase in treated and inoculated bottle gourd plants (a) BTH 
treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Fi= 

inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH treated; 
BTH treated and Fi inoculated plants; BABA+I = BABA treated and Fi inoculated 

plants; GABA+I =  GABA treated and Fi inoculated plants]. 

 
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. 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH treated; 

BTH treated and Fi inoculated plants; BABA+I = BABA treated and Fi inoculated 



 
 
 
 
 
 
 
 
 

Fig: 4.20. Detection of induced peroxidase isoforms (POI) on PAGE
uninoculated’ control plants; I = inoculated plants; BTH = BTH treated plants; BABA = 
BABA treated plants; GABA = 
plants; BABA+I = BABA treated 
inoculated plants. 
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Detection of induced peroxidase isoforms (POI) on PAGE
uninoculated’ control plants; I = inoculated plants; BTH = BTH treated plants; BABA = 

ABA = GABA treated plants BTH+I = BTH treated 
BABA treated and inoculated plants; GABA+I =

 
Detection of induced peroxidase isoforms (POI) on PAGE. C = ‘untreated-

uninoculated’ control plants; I = inoculated plants; BTH = BTH treated plants; BABA = 
ABA treated plants BTH+I = BTH treated and Inoculated 

ABA+I = GABA treated and 
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4.6.2. Activity of β-1,3-glucanase 
Activity of β-1,3-glucanase was tested in the leaves of bottle gourd plants 
after induction of resistance with inducer chemicals and inoculation with 
the isolated fungal pathogens in definite treatments. Maximum increase in 
enzyme activity was found after fourth day of treatment in GABA treated 
plants (Tables 4.18 and 4.19 and Fig. 4.21 and 4.22) compared to the 
control set. Treatment with other inducers i.e. BTH and BABA also showed 
increased enzyme activity levels. But in case of untreated plants, when 
inoculated with C. gloeosporioides or F. incarnatum, a drastic decrease in 
enzyme activity was observed in comparison to control set plants.  

Study of β-1,3-glucanase isozymes revealed one isozyme band visible 
at Rf value of 0.68 (Fig. 4.23). Band intensity increased when treated with 
GABA. Treatment with BTH also showed promising increase in the enzyme 
activity with high intensity band. But no difference in band intensity was 
found when compared among the untreated inoculated and untreated 
uninoculated control. Band intensities did not differ for the two inoculated 
pathogens. 
 
 
 
 
 
 
 
 
 



109  
Table: 4.18. β-1,3-glucanase activity of Bottle gourd plants (Gadda-1) pre-
treated with chemical inducers followed by challenged inoculation of C. 
gloeosporioides. 
Treatment β-1,3-glucanase activity 

(nmol min–1mg–1 fresh weight tissue) 
Incubation period [days] 

 0 2 4 6 

Control 28.28 
±0.03 

28.56 
±0.13 

28.61 
±0.00 

28.50 
±0.03 

C. gloeosporioides 28.17 
±0.00 

29.33 
±0.03 

27.11 
±0.03 

26.83 
±0.09 

BTH 28.17 
±0.06 

30.11 
±0.03 

33.50 
±0.03 

33.61 
±0.03 

BTH +  C. gloeosporioides 28.17 
±0.03 

28.50 
±0.09 

29.17 
±0.16 

29.5 
  ±0.03 

BABA 28.09 
±0.16 

29.94 
±0.09 

35.17 
±0.00 

35.11 
±0.06 

BABA + C. gloeosporioides 28.22 
±0.06 

28.50 
±0.00 

29.17 
±0.06 

29.39 
±0.00 

GABA 28.33 
±0.16 

30.06 
±0.03 

39.39 
±0.03 

39.39 
±0.29 

GABA + C. gloeosporioides 28.28 
±0.03 

30.44 
±0.26 

31.56 
±0.16 

31.72 
±0.03 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
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Table: 4.19. β-1,3-glucanase activity of Bottle gourd plants (Gadda-1) pre-
treated with chemical inducers followed by challenged inoculation of F. 
incarnatum. 
Treatment β-1,3-glucanase activity 

(nmol min–1mg–1 fresh weight tissue) 
Incubation period [days] 

 0 2 4 6 

Control 28.28 
±0.03 

28.56 
±0.13 

28.61 
±0.00 

28.50 
±0.03 

F. incarnatum 28.22 
±0.03 

29.17 
±0.13 

26.61 
±0.09 

26.56 
±0.03 

BTH 28.17 
±0.06 

30.11 
±0.03 

33.50 
±0.03 

33.61 
±0.03 

BTH +  F. incarnatum 28.11 
±0.19 

29.39 
±0.06 

30.67 
±0.06 

30.67 
±0.06 

BABA 28.09 
±0.16 

29.94 
±0.09 

35.17 
±0.00 

35.11 
±0.06 

BABA + F. incarnatum 28.06 
±0.00 

28.22 
±0.00 

28.44 
±0.03 

28.5 
±0.10 

GABA 28.33 
±0.16 

30.06 
±0.03 

39.39 
±0.03 

39.39 
±0.29 

GABA + F. incarnatum 28.28 
±0.06 

28.67 
±0.09 

28.94 
±0.03 

28.89 
±0.03 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
 



 

Fig: 4.21. Activity of β
BTH treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; 
Cg = C. gloeosporioides 
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

111 

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; 

 inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 
ed; BTH+I = BTH treated and Cg inoculated plants; BABA+I = BABA treated and 

Cg inoculated plants; GABA+I =  GABA treated and Cg inoculated plants

 
glucanase in treated and inoculated bottle gourd plants (a) 

BTH treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= 

ed; 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-
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]

112 

-1,3-glucanase in treated and inoculated bottle gourd plants (a) 
BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; 

inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 
treated; BTH+I = BTH treated and Fi Inoculated plants; BABA+I = BABA treated and Fi 

BA+I =  GABA treated and Fi inoculated plants]

 
glucanase in treated and inoculated bottle gourd plants (a) 

BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 

treated; BTH+I = BTH treated and Fi Inoculated plants; BABA+I = BABA treated and Fi 
BA+I =  GABA treated and Fi inoculated plants]. 



 

 
 
 
 
 
 
 
 
 

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

ABA treated plants BTH+I = BTH treated and Inoculated plants; 
inoculated plants; GABA+I = GABA treated and inoculated plants

 
-uninoculated’ control 

plants; I = inoculated plants; BTH = BTH treated plants; BABA = BABA treated plants; 
Inoculated plants; BABA+I = BABA 

inoculated plants. 
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4.6.3. Activity of chitinase  
Chitinase activity was tested in the leaves of bottle gourd plants following 
induction with elicitor chemicals and inoculation with the pathogens in 
specific treatments. Results (Tables 4.20 and 4.21 and Fig. 4.24 and 4.25) 
indicated that among chemical inducers BABA treated plants showed 
maximum chitinase activity on fourth day after treatment. The other two 
inducers i.e. GABA and BTH also showed increased level of chitinase 
activity. Inoculated (with C. gloeosporioides and F. incarnatum) plants 
showed higher activity than the uninoculated plants. In untreated-
inoculated plants chitinase activity increased marginally.  
Table: 4. 20. Chitinase activity of Bottle gourd plants (Gadda-1) pre-
treated with chemical inducers followed by challenged inoculation of C. 
gloeosporioides. 
Treatments Chitinase activity 

(µmolGlcNAc min–1 g-1 fresh tissues) 
Incubation period [days] 

0 2 4 6 
CONTROL 21.75 

±0.76 
22.28 
±0.46 

22.46 
±0.63 

21.40 
±0.35 

C. gloeosporioides 21.84 
±0.30 

29.47 
±0.30 

30.00 
±0.61 

31.05 
±0.30 

BTH 21.92 
±0.00 

27.37 
±0.61 

28.42 
±0.00 

26.84 
±0.30 

BTH+ C. gloeosporioides 22.32 
±0.30 

25.26 
±0.00 

29.47 
±0.00 

29.47 
±0.00 

BABA 22.79 
±0.30 

26.32 
±0.30 

27.02 
±0.18 

26.32 
±0.30 

BABA+ C. gloeosporioides 23.26 
±0.30 

30.00 
±0.61 

33.16 
±0.91 

33.16 
±0.91 

GABA 21.94 
±0.30 

28.42 
±0.30 

28.95 
±0.30 

28.42 
±0.30 

GABA+ C. gloeosporioides 22.24 
±0.61 

30.53 
±0.91 

31.58 
±0.30 

30.53 
±0.91 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
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Table: 4.21. Chitinase activity of Bottle gourd plants (Gadda-1) pre-treated 
with chemical inducers followed by challenged inoculation of F. incarnatum. 
Treatments Chitinase activity  

(µmolGlcNAc min–1 g-1 fresh tissues) 
Incubation period [days] 

0 2 4 6 
CONTROL 21.75 

±0.76 
22.28 
±0.46 

22.46 
±0.63 

21.40 
±0.35 

F. incarnatum 21.84 
±0.00 

31.05 
±0.30 

31.05 
±0.30 

32.11 
±0.30 

BTH 22.32 
±0.00 

27.37 
±0.61 

28.42 
±0.00 

26.84 
±0.30 

BTH+ F. incarnatum 22.38 
±0.61 

28.95 
±0.30 

30.00 
±0.61 

29.47 
±0.30 

BABA 21.99 
±0.30 

26.32 
±0.30 

27.02 
±0.18 

26.32 
±0.30 

BABA+ F. incarnatum 22.37 
±0.30 

30.53 
±0.00 

32.11 
±0.30 

29.47 
±0.00 

GABA 21.94 
±0.30 

28.42 
±0.30 

28.95 
±0.30 

28.42 
±0.30 

GABA+ F. incarnatum 21.99.00 26.32 
±0.30 

37.89 
±0.61 

28.42 
±0.30 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric 
acid 
 

 



 

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= 
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]
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Activity of chitinase in treated and inoculated bottle gourd plants (a) BTH 
treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Cg= 

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]

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

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]. 

 
reated and inoculated bottle gourd plants (a) BTH 

treated; (b) BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Fi= F. 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH treated; 

ted plants; BABA+I = BABA treated and Fi inoculated 
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4.6.4. Estimation of PAL activity in bottle gourd with abiotic inducers 
The PAL enzyme levels was tested in the leaves of bottle gourd plants 
following induction with elicitor chemicals on every 2 days interval up to 6 
days after inoculation with the pathogens in specific treatments. Results 
have been presented in tables 4.22 and 4.23 and Fig. 4.26 and 4.27. 
Highest PAL activities were observed in all the sets after 4 days of 
inoculation. From the results it was found that after 4 days of inoculation 
with C. gloeosporioides and F. incarnatum, PAL level increased to 0.79±0.01 
µmol min–1 g-1 fresh tissues and 0.95±0.02 µmol min–1 g-1 fresh tissues 
respectively in comparison to untreated-uninoculated control (0.50±0.01 
µmol min–1 g-1 fresh tissues). On the same day in treated control sets, 
highest PAL activity was observed in BTH treated plants (1.90±0.00 µmol 
min–1 g-1 fresh tissues) followed by plants treated with GABA (1.63±0.04 
µmol min–1 g-1 fresh tissues) and BABA (1.40±0.01 µmol min–1 g-1 fresh 
tissues). However, in treated plants challenged inoculated with C. 
gloeosporioides and F. incarnatum highest level of PAL activity was 
observed in case of BTH (2.58±0.01 µmol min–1 g-1 fresh tissues and 
2.84±0.06 µmol min–1 g-1 fresh tissues respectively) followed by BABA 
(1.96±0.01 µmol min–1 g-1 fresh tissues and 1.83±0.04 µmol min–1 g-1 fresh 
tissues respectively) and GABA (1.81±0.01 µmol min–1 g-1 fresh tissues and 
1.91±0.02 µmol min–1 g-1 fresh tissues respectively) on the 4th day post 
inoculation/treatment. From the results it was evident that all the three 
inducers were capable of increasing PAL activity during pathogen 
inoculation where BTH and BABA served better roles than GABA. 
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Table: 4.22 PAL activitiy of Bottle gourd (Gadda-1) pre-treated with 
chemical inducers followed by challenge-inoculation by C. gloeosporioides. 

Treatment PAL activity 
(µmol min–1 g-1 fresh tissues) 

Incubation period [days] 
0 2 4       6 

Control 0.49 
±0.00 

0.48 
±0.00 

0. 50 
±0.00 

0. 48 
±0.01 

C. gloeosporioides 0.48 
±0.00 

0.55 
±0.01 

0.79 
±0.01 

0.58 
±0.01 

BTH 0.48 
±0.00 

1.13 
±0.01 

1.90 
±0.00 

1.25 
±0.01 

BABA 0.49 
±0.00 

1.00 
±0.04 

1.40 
±0.01 

0.95 
±0.01 

GABA 0.48 
±0.00 

1.01 
±0.01 

1.63 
±0.02 

1.31 
±0.02 

BTH + C. gloeosporioides 0.49 
±0.01 

1.30 
±0.01 

2.58 
±0.01 

1.22 
±0.00 

BABA + C. gloeosporioides 0.48 
±0.01 

1.20 
±0.01 

1.96 
±0.01 

1.31 
±0.01 

GABA + C. gloeosporioides 0.48 
±0.01 

1.57 
±0.01 

1.81 
±0.01 

1.41 
±0.02 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
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Table: 4.23. PAL activitiy of Bottle gourd (Gadda-1) pre-treated with 
chemical inducers followed by challenge-inoculation by F. incarnatum. 

Treatment PAL activity 
(µmol min–1 g-1 fresh tissues) 

Incubation period [days] 
0 2 4       6 

Control 0.49 
±0.00 

0.48 
±0.01 

0. 50 
±0.01 

0. 48 
±0.01 

F. incarnatum 0.45 
±0.02 

0.59 
±0.00 

0.95 
±0.02 

0.85 
±0.02 

BTH 0.48 
±0.00 

1.13 
±0.02 

1.90 
±0.01 

1.25 
±0.01 

BABA 0.48 
±0.00 

1.00 
±0.01 

1.40 
±0.01 

0.95 
±0.01 

GABA 0.49 
±0.00 

1.01 
±0.04 

1.63 
±0.04 

1.31 
±0.01 

BTH + F. incarnatum 0.48 
±0.02 

1.41 
±0.00 

2.84 
±0.06 

1.55 
±0.02 

BABA + F. incarnatum 0.45 
±0.01 

1.09 
±0.03 

1.83 
±0.04 

0.96 
±0.03 

GABA + F. incarnatum 0.48 
±0.02 

1.55 
±0.01 

1.91 
±0.02 

1.35 
±0.02 

BTH=2,1,3-Benzothiodiazole; BABA= β-aminobutyric acid; GABA= γ-aminobutyric acid 
 
 



 

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= 
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 plant]
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Activity of PAL in treated and inoculated bottle gourd plants (a) BTH treated; (b) 
BABA treated; (c) GABA treated; [Control =Untreated and uninoculated; Cg= 

inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 
TH treated and Fi Inoculated plants; BABA+I = BABA treated and Fi 

inoculated plants; GABA+I =  GABA treated and Fi inoculated plant]. 

 
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. 
inoculated; GABA= GABA treated; BABA = BABA treated; BTH= BTH 

TH treated and Fi Inoculated plants; BABA+I = BABA treated and Fi 
 



 

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

 
Activity of PAL in treated and inoculated bottle gourd plants (a) BTH treated; (b) 

eated; [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; 
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4.7. Estimation of PAL gene transcripts from Lagenaria siceraria 
after induction with abiotic inducers using semi-quantitative RT-PCR 
Level of expression of PAL gene was estimated in the leaves of bottle gourd 
plants following induction with elicitor chemicals and inoculation with the 
pathogens in specific treatments. Leaves were sampled 4 days after 
pathogen inoculation. PAL gene transcripts were amplified by semi-
quantitative RT-PCR from total RNA isolated from experimental plants (Fig 
4.28). From the results it was found that, ‘treated’, ‘inoculated’ and 
‘treated-inoculated’ plants showed elevated transcript accumulation (Table 
4.24, Fig 4.29 and 4.30). In comparison to control (‘untreated-
uninoculated’) highest accumulation observed was 293.88 ng/µl. However, 
in BABA treated plants, higher transcript (838.78 ng/µl) accumulation was 
observed. But, when the induced plants were challenge inoculated with C. 
gloeosporioides, much higher accumulation of PAL transcript was observed. 
In case of BTH-treated and C. gloeosporioides inoculated plants, transcript 
accumulation was further elevated to1313.27 ng/µl.  

Table: 4.24. Transcript accumulation in BTH and BABA treated and/or C. 
gloeosporioides inoculated bottle gourd plants after 4 days. 
Treatment Transcript Accumulation (ng/µl) 
C 293.88 
I 306.12 
BTH 407.14 
BABA 838.78 
BTH+I 1313.27 
BABA+I 1294.9 
C = ‘untreated-uninoculated’ control plants; I = inoculated plants; BTH = BTH treated 
plants; BABA = BABA treated plants; BTH+I = BTH treated and Inoculated plants; BABA+I 
= BABA treated and 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
gloeosporioides inoculated plants; BTH = BTH treated plants; BABA = BABA treated 
plants; BTH+I = BTH treated and 
treated and C. gloeosporioides
 

Fig. 4.29. Agarone gel electrophoresis showing PCR amplified PAL gene product from 
bottle gourd leaves after purification. [C = ‘untrea
gloeosporioides inoculated plants; BTH = BTH treated plants; BABA = BABA treated 
plants; BTH+I = BTH treated and 
treated and C. gloeosporioides
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Visualization of total RNA from bottle gourd leaves in 1.2% (w/v) agarose gel 
under UV transilluminator. [C = ‘untreated-uninoculated’ control plants; I = 

inoculated plants; BTH = BTH treated plants; BABA = BABA treated 
TH treated and C. gloeosporioides inoculated plants; BABA+I = BABA 

C. gloeosporioides inoculated plants]. 

Agarone gel electrophoresis showing PCR amplified PAL gene product from 
bottle gourd leaves after purification. [C = ‘untreated-uninoculated’ control plants; I = 

inoculated plants; BTH = BTH treated plants; BABA = BABA treated 
plants; BTH+I = BTH treated and C. gloeosporioides inoculated plants; BABA+I = BABA 

C. gloeosporioides inoculated plants]. 

 
Visualization of total RNA from bottle gourd leaves in 1.2% (w/v) agarose gel 

uninoculated’ control plants; I = C. 
inoculated plants; BTH = BTH treated plants; BABA = BABA treated 

inoculated plants; BABA+I = BABA 

 
Agarone gel electrophoresis showing PCR amplified PAL gene product from 

uninoculated’ control plants; I = C. 
inoculated plants; BTH = BTH treated plants; BABA = BABA treated 

inoculated plants; BABA+I = BABA 
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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]. 
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4.8. In vitro control of pathogenic fungal isolates C. gloeosporioides 
and F. incarnatum  
4.8.1. Evaluation of some biocontrol agents for antagonistic activity  
Four known antagonistic bacterial isolates (Serratia marcescens, 
Pseudomonas putida, Bacillus amyloliquefaciens, Rhizobium radiobacter) 
were used in vitro to control the growth of C. gloeosporioides and Fusarium 
incarnatum. Each of the bacterial antagonists was co-cultured with both 
the fungal pathogens separately on PDA plates. The results are 
summarized in tables 4.25 and 4.26). From the results it was observed that 
B. amyloliquefaciens and R. radiobacter were more effective in inhibiting the 
growth of either of the fungi (Fig. 4.31 and 4.32). S. marcescens and P. 
putida also showed more or less similar result against C. gloeosporioides. 
However, P. putida was moderately effective against F. incarnatum, 
whereas, S. marcescens was least effective in controlling the growth of F. 
incarnatum. 
Table 4.25. Control of Colletotrichum gloeosporioides using different 
bacterial antagonists. 

Antagonists 

Radial growth of the fungal pathogen after incubation 
Day-2 Day-4 Day-6 Day-8 Day-10 
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Serratia 
marcescens 

9.1 38.9 10.8 64.2 11.7 72.5 14.4 75.5 17.1 72.9 
±0.31  ±0.17  ±0.14  ±0.27  ±0.51  

Pseudomonas 
putida 

9.3 37.6 11.7 62.3 13.3 68.7 16.7 71.5 19.3 69.4 
±0.14  ±0.20  ±0.75  ±0.57  ±0.58  

Bacillus 
amyloliquefaciens 

8.8 40.9 10.1 66.6 11.1 73.9 13.1 77.7 15.2 75.9 
±0.06  ±0.06  ±0.06  ±0.08  ±0.05  

Rhizobium 
radiobacter 

8.7 41.6 11.3 62.5 12.1 71.5 14 76.1 14.6 76.9 
±0.08  ±0.24  ±0.15  ±0.14  ±0.29  Control (C. 

gloeosporioides) 
14.9 30.2 42.5 58.7 63.1 
±0.38 ±0.17 ±0.20 ±0.08 ±1.05 
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Table 4.26: Control of growth of Fusarium incarnatum using different 
bacterial antagonists 

Antagonists 

Radial growth of the fungal pathogen after incubation 
Day-2 Day-4 Day-6 Day-8 Day-10 
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Serratia 
marcescens 

16.2 11 27.4 25.9 35.5 29.8 43.1 35.5 43.6 37.6 
±0.49  ±1.67  ±0.66  ±0.70  ±0.72  

Pseudomonas 
putida 

15.6 14.3 18.4 50.3 27.1 46.4 31.9 52.2 32.8 53.1 
±0.42  ±0.60  ±1.18  ±0.95  ±0.93  

Bacillus 
amyloliquefaciens 

11.2 38.5 13.3 64 16.5 66.2 19.4 70.9 21.1 69.8 
±0.50  ±0.84  ±0.29  ±0.55  ±0.12  

Rhizobium 
radiobacter 

13.6 25.3 15.3 58.6 17.9 64.6 20.8 68.9 23.3 66.7 
±0.29  ±0.42  ±0.45  ±0.70  ±0.54  Control (F. 

incarnatum) 
18.2 37 50.6 66.8 69.9 
±0.38 ±0.46 ±0.54 ±0.75 ±0.22 
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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 
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4.8.2. Screening of potential antifungal phytoextracts against 
Colletotrichum gloeosporioides and Fusarium incarnatum 
Ten different phytoextracts were used to study their antifungal effect 
against the two fungal pathogens viz., Colletotrichum gloeosporioides and 
Fusarium incarnatum using poisoned food technique as discussed in the 
materials and methods. The pure cultures were grown on PDA plates 
supplemented with the different plant extracts, radial growth of the fungi 
on PDA plates were measured after 6 days of incubation at 28±1ºC and 
percentage of growth inhibition were calculated (Tables 4.27 and 4.28 and 
Fig. 4.33 and 4.34). 

From the results it was found that alcoholic extract of Azadirachta 
indica was effective against both the fungi i.e., C. gloeosporioides and F. 
incarnatum with 56.27±2.31% and 50.62±1.86% growth inhibition 
respectively. Datura metel and Piper betle showed 45.77±0.87% and 
56.27±0.87% growth inhibition of C. gloeosporioides, whereas, Holarrhena 
antidysenterica and Murraya koenigii showed 56.21±0.93% and 
56.21±4.06% growth inhibition of F. incarnatum. Other phytoextracts used 
in the present study did not show significant growth inhibition in either of 
the pathogens. 
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Table: 4.27. Effect of antifungal activity of selected plant extracts on the 
growth of Colletotrichum gloeosporioides tested by poisoned food technique 
Plant Extracts Diameter (mm) % Inhibition 
Control 48.43±0.43 0.00±0.00 
Azadirachta indica 21.43±1.13 56.27±2.31 
Datura metel 26.57±0.43 45.77±0.87 
Piper betle 21.43±0.43 56.27±0.87 
Ocimum sanctum 47.57±0.74 2.92±1.51 
Holarrhena antidysenterica 40.71±1.13 16.91±2.31 
Murraya koenigii 44.57±0.43 9.04±0.87 
Leucas aspera 41.57±0.43 15.16±0.87 
Mangifera indica 42.00±1.13 14.29±2.31 
Lagerstroemia speciosa 43.29±0.43 11.66±0.87 
Boerhavia diffusa 43.29±1.13 11.66±2.31 
CD (5%) 0.98 1.88 
 
Table: 4.28. Effect of antifungal activity of selected plant extracts on the 
growth of Fusarium incarnatum tested by poisoned food technique 
Plant Extracts Diameter (mm) % Inhibition 
Control 45.86±3.09 0.00±0.00 
Azadirachta indica 22.71±0.86 50.62±1.86 
Datura metel 41.14±0.74 10.56±1.61 
Piper betle 37.29±0.74 18.94±1.61 
Ocimum sanctum 36.86±0.43 19.88±0.93 
Holarrhena antidysenterica 20.14±0.43 56.21±0.93 
Murraya koenigii 20.14±1.87 56.21±4.06 
Leucas aspera 36.00±0.74 21.74±1.61 
Mangifera indica 38.57±1.29 16.15±2.80 
Lagerstroemia speciosa 37.71±1.55 18.01±3.36 
Boerhavia diffusa 39.43±0.86 14.29±1.86 
CD (5%) 1.93 3.21 
 



 
 
 
 
 

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

leaf extract using poisoned food technique. (a) Control. 

 
Colletotrichum gloeospoiroides after 6 

; (c) Datura metel and (d) 



 
 
 
 

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

leaf extract using poisoned food technique. (a) Control
  

 
Fusarium incarnatum after 6 days of 

Holarrhena antidysenterica and 
leaf extract using poisoned food technique. (a) Control. 



 
 
 
 
 
 
 
 

DISCUSSION 
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Fresh Fruits are a source of different types of minerals, vitamins and 
essential nutritional components. Fruits also contain huge amount of 
water. Hence, fruits are very much prone to fungal attack. Worldwide the 
cultivation of fruits is a major challenge due to presence of high water, 
minerals and nutrients. Some of such fruits are bottle gourd, tomato, 
watermelon, grapes and cucumber.  

In the present study, bottle gourd [Lagenaria siceraria (Molina) 
Standl. (synonym Lagenaria vulgaris Ser.)] fields of five districts of sub-
Himalayan West Bengal viz. Darjeeling, Jalpaiguri, Coochbehar, Alipurduar 
and Uttar Dinajpur were surveyed. Disease incidence varied from month to 
month and place to place. Severity of the diseases was found at an 
alarming percentage of around 40%, in the plains of Darjeeling and 
Jalpaiguri district. Lesions on fruits began as irregular, brown water 
soaked spots that enlarged, coalesced and spread around the fruit within 
4-5 days. Fungal mycelia appeared outside the fruit and finally the whole 
fruit was covered with fungus. As the disease progressed, portions of the 
fruits were distorted and dried and growth was reduced. Lesions on leaves 
were less severe. It began as small brown spots near the margins which 
enlarged and progressed inward. In advance stage the lesions turned dark 
brown and more than 50% of the leaves were affected. Altogether 13 fungal 
cultures (KBG-01, KBG-02, KBG-03, KBG-04, F/A/1, L/A/1, N/F/1, 
N/L/1, K/F/1, K/L/1, F/A/2, MBF-03 and MBL-01) were obtained in PDA. 
But pathogenicity tests further confirmed that two pathogens viz., 
Fusarium sp. and Colletotrichum sp. were consistent throughout the 
present study area.  

Several fungal diseases of bottle gourd have been identified so far 
from India and abroad. Black fruit rot by Alternaria alternata (Pawar et al. 
2014), powdery mildew by Podosphaera xanthii (Nayak and Babu, 2017) 
are some examples of bottle gourd diseases in India. Several other fungal 
pathogens were also reported worldwide which were Cercospora citrullina 
(Mukhtar et al. 2013), Fusarium oxysporum (Shah et al. 2014), Fusarium 
moniliforme (Jadhav, 2012), Sclerotium rolfsii (Ling et al. 2008). In 2009 
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Sultana and Ghaffar reported the presence of variety of seed borne fungi 
like Lasiodiplodia theobromae, Fusarium semitectum, Macrophomina 
phaseolina and Fusarium oxysporum in bottle gourd. Koffi et al. (2013) 
isolated and identified seven different fungal genera viz., Aspergillus, 
Botryosphaeria, Cochliobolus, Colletotrichum, Fusarium, Lasiodiplodia and 
Phoma causing necrosis and discoloration of leaves of bottle gourd. 
Cercospora citrulina and Alternaria cucumerina were reported to cause 
major problems by producing leaf spot and leaf blight disease and reducing 
in fruit yield (Maheshwari et al. 2013). 

In the present study Colletotrichum sp. showed simple appresoria 
and 18.4±1.2 μm × 4.9±0.7 μm straight, elliptical conidia with broadly 
rounded ends under light microscope. In case of Fusarium sp. both macro- 
and micro- conidia were observed. Macroconidia were 29±1.9 μm × 3±1.7 
μm, 3-5 septate and slightly curved with tapered ends, whereas, 
microconidia were 11±1.6 μm × 3±1.9 μm, single celled, nonseptate and 
ovoid. Straight, elliptical conidia with broadly rounded ends is the 
characteristic feature of Colletotrichum sp. (Gangadevi and Muthumary 
2008; Lima et al. 2011; Sawant et al. 2012; Liu et al. 2013), whereas, 
Fusarium sp. can be identified through the presence of septate 
macroconidia and single celled microconidia (Ramdial et al. 2016).  

In the present study, for further characterization of the pathogens 
ITS regions of both the fungi were amplified through PCR and the 
sequences were submitted in the GenBank, where Colletotrichum sp. was 
identified as C. gloeosporioides isolate F/A/1 (GenBank Accession No. 
KC355249) and Fusarium sp. was identified as Fusarium sp. isolate F/A/2 
(GenBank Accession No. KR263845). During the phylogenetic analysis C. 
gloeosporioides formed a single cluster including the sequence of the 
present study. Different Colletotrichum species showed different clusters in 
the phylogenetic tree. Further, different south-east Asian C. gloeosporioides 
isolates were clustered together indicating that C. gloeosporioides isolates 
from south-east Asia share a common ancestral origin. In case of Fusarium 
sp., the present isolate showed 99% nt identity with F. incarnatum from 
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China infecting Morchella importuna and clustered together with F. 
incarnatum from different areas, whereas, different Fusarium species 
formed separate clusters. So, from the study the present Fusarium isolate 
can be identified as F. incarnatum. 

In India Colletotrichum capsici the casual fungus of die back/fruit 
rot, causes heavy losses (upto 60%) in chilli (Capsicum annum L.) 
production (Kaur et al. 2011). In Serbia, four different species of 
Colletotrichum i.e Colletotrichum gloeosporioides, Colletotrichum acutatum, 
Colletotrichum coccodes, and Colletotrichum dematium were reported as the 
causal pathogens responsible the occurrence of anthracnose on tomato 
(Zivkovic et al. 2010). In Brazil various fruits like mango, guava, papaya, 
avocado etc. were reported to be susceptible to anthracnose caused by 
Colletotrichum gloeosporioides. In case of subtropical crops such as apple, 
grape, peach etc. the disease is caused by C. acutatum (Peres et al. 2002). 
In 2009 Masayahit et al. reported the occurrence of anthracnose on dragon 
fruit in Malysia caused by Colletotrichum gloeosporioides. In 2008 Miles and 
Schilder reported that Colletotrichum acutatum causes anthracnose fruit rot 
disease in blueberries which is the most common and widespread disease 
of blueberries in the United States. They also reported pre-harvest fruit 
losses of 10 to 20 percent and post-harvest losses of up to 100 percent. 
Zhang et al. in 2014 reported the occurance of anthracnose disease on 
Trichosanthes kirilowii in China, caused by Colletotrichum gloeosporioides. 
Chowdappa et al. (2009) reported of occurrence diverse molecular groups 
among C. gloeosporioidies and C. acutatum populations associated with 
grape anthracnose in India. It was reported that all three morpho groups of 
Colletotrichum i.e. C. gloeosporioidies (Type-I), C. acutatum (Type-II and III) 
can be distinguished based on ITS-RFLP profile as generated by restriction 
enzyme, among which C. gloeosporioidies has been established as 
dominant pathogen with very limited occurrence of C. acutatum. In the 
dendrogram analysis, it was observed that genetic similarity between 
isolates derived from sequences of ITS region of rRNA indicated that C. 
gloeosporioidies and C. acutatum isolates were clustered as separate groups 
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and two molecular sub groups were established within each species. 
Sanabria et al. (2010) reported anthracnose in mango and citrus by the 
species C. gloeosporioides. They also reported about the two molecular sub 
groups of C. gloeosporioidies and C. acutatum. Chowdappa and Kumar 
(2012) further reported 79 isolates of C. gloeosporioides, categorized into 
two groups based on cultural and morphological criteria from all mango 
growing areas of India. Phylogenetic analysis also corresponded to the two 
subgroups previously identified by morphological and restriction digestion 
patterns of ITS region. Again 25 isolates of C. gloeosporioides were found to 
be associated with anthracnose of orchids in Sikkim and characterized 
through PCR of ITS region (Chowdappa et al. 2012). For last few years, C. 
gloeosporioides was found to be associated with anthracnose disease of 
several plants like, walnut (Zhu et al. 2014); cashew and mango (Souza et 
al. 2011; Zakaria et al. 2015); papaya (Stracieri et al. 2016). Several other 
C. gloeosporioides infections were also reported from India and abroad like 
leaf spot of Boehravia diffusa (Gautam et al. 2012); anthracnose of mango 
(Kumari et al. 2017), tulip (Choi et al. 2012), stonecrop (Jeon and Kwak, 
2016), chilli (Than et al. 2008), tea (Wang et al. 2016), Actinidia arguta 
(Deng et al. 2017), papaya, guava, custard apple and pomegranate (Sharma 
and Kulshrestha, 2015). 

In Serbia, Fusarium oxysporum has been reported as the most 
important species of pathogen causing fruit rot and also wilt in tomato by 
rendering root and basal stem deterioration (Ignjatov et al. 2012). Some 
species of Fusarium i.e. Fusarium semitectum, Fusarium oxysporium, 
Fusarium moniliforme (Hawa et al. 2010) and Fusarium solani (Rita et al. 
2013) were also found to cause wilt and stem rot in dragon fruit. 
Identification of F. incarnatum through PCR of ITS region was also reported 
in black spot disease of chinese jujube from China (Guo et al. 2016). 
Divakara et al. (2014) characterized several Fusarium species from 
sorghum through sequencing of tef-1α gene, where F. incarnatum, F. 
verticillioides and F. thapsina were grouped in three subgroups. F. 
incarnatum was also reported to be associated with several diseases like, 



139  
canker of walnut (Seta et al. 2004; Singh et al. 2011); fruit disease of bell 
pepper (Ramdial et al. 2016); stalk rot on maize (Gai et al. 2016); root rot of 
Morus alba (Chen et al. 2017). However, to the best of our knowledge, the 
present study was the first report on the fruit and leaf disease of bottle 
gourd caused by F. incarnatum and C. gloeosporioides.  

Microscopic study of the fungus revealed that conidia of C. 
gloeosporioides were aseptate, straight and elliptical with broadly rounded 
ends. F. incarnatum produced both macro- and micro-conidia; 
macroconidia were septate and slightly curved with tapered ends, whereas, 
microconidia were single celled, aseptate and ovoid. Similar observation 
regarding conidial size and shape has been reported by several authors 
(Seta et al. 2004; Choi et al. 2012; Gai et al. 2016; Ramdial et al. 2016). 
While studying on C. gloeosporioides causing anthracnose of the hard kiwi 
fruit (Actinidia arguta) in China, Deng et al. (2017) reported that the conidia 
were hyaline with rounded apices conidia were one-celled, cylindrical, 
aseptate and hyaline. In a study on canker in walnut in Jammu and 
Kashmir, India, caused by F. incarnatum, Singh et al. (2011) also observed 
that the macroconidia were four to eight septate and either straight or 
slightly curved. While studying F. incarnatum causing disease in mulberry in 
China, Chen et al. (2017) observed that macroconidia were spindle and slightly 
curved, 3 to 4 septate and the apical cell was uniformly tapering, while 
single-celled microconidia were ovoid. 

Seven different media viz. PDA, OMA, CDA, RA, YEMA, MEA and 
LDA were used to study the growth of C. gloeosporioides and F. incarnatum 
in the present study. Among the media tested, LDA was best medium for 
vegetative growth while OMA was recorded as excellent medium for 
sporulation for both the fungi. While studying on Colletotrichum isolates 
from Hevea brasiliensis, Kumar et al. (2002) reported that the isolates 
produced morphologically uniform conidia on potato dextrose agar (PDA). 
Sandhya Rani and Murthy (2004) used different solid and liquid media to 
study the growth of C. gloeosporioides isolated from cashew anthracnose. 
They observed that Richard’s agar and potato dextrose agar supported 
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good growth and sporulation. Several authors (Singh et al. 2011; Gai et al. 
2016; Ramdial et al. 2016) have used carnation leaf agar to study the 
growth and morphology of F. incarnatum. 

Studies on the mycelial growth at different pH showed that the 
mycelial dry weight of C. gloeosporioides was maximum at pH 6.0 and that 
of F. incarnatum was maximum at pH 6.5. Least growth was recorded at pH 
8.0 for both fungi. The optimum temperature for the growth of both the 
pathogens was 280C. Kang et al. (2003) also observed that optimum growth 
of the phytopathogenic fungus C. gloeosporioides was around the pH 6.0. 
Thakare and Patil (1995) observed that the optimum pH for growth of C. 
gloeosporioides was 4.1-6.8. Sharma and Kulshrestha (2015) observed that 
the optimum temperature for growth of C. gloeosporioides is 25-28°C, and 
pH 5.8-6.5. However, Jayalakshmi (2010) reported that the highest radial 
growth and sporulation of the fungus was 300C. In a study on Fusarium 
species isolated from maize, Marin et al. (1995) observed that the optimum 
range of temperature for growth of the fungi was 25-300C and the optimum 
pH ranged from 5.5 to 7. In the present study, while observing the growth 
in liquid media under varying conditions it was found that maximum 
growth was recorded in PDB after 20 days of incubation. After 20 days, 
mycelial dry weight declined possibly due to autolysis and depletion of the 
media.  

After characterizing the two major pathogens associated with bottle 
gourd fruit rot disease, three different abiotic inducers were used in the 
present study to activate defense signaling in bottle gourd and induce 
defense related enzymes to elevate host resistance. Benzothiadiazole (BTH) 
is a salicylic acid (SA) analogue that induce systemic acquired resistance 
(SAR) signaling in plants and were reported time to time in conferring 
resistance against several bacterial and fungal pathogens (Friedrich et al. 
1996; Görlach et al. 1996; Dann et al. 1998; Beckers and Conrath, 2007; 
Cao et al. 2011; Azami-Sardooei et al. 2013; Zhu et al. 2016). β-
Aminobutyric acid (BABA) is a non-protein amino acid, which induces 
resistance in plants against a fungi and bacteria through callose 
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deposition, hypersensitive response and trailing necroses formation (Hong 
et al. 1999; Cohen et al. 1994; Zimmerli et al. 2000; Cohen, 2001; Jakab et 
al. 2001; Cohen, 2002; Porat et al. 2003; Baysal et al. 2005; Ranjini et al. 
2016; Zeighaminejad et al. 2016; Shaw et al. 2017). γ-aminobutyric acid 
(GABA) is also a non-protein amino acid that is synthesized via 
decarboxylation of glutamate by L-glutamate decarboxylase (Forde and Lea, 
2007). In vertebrates, GABA act as inhibitory neurotransmitter in central 
nervous system (Schousboe and Waagepetersen, 2007). For last few years 
GABA has been reported as an abiotic inducer of plant defense by 
increasing the defense related enzymes activity during salinity, osmotic and 
biotic stress (Kim et al. 2009; Scholz et al. 2009; AL-Quraan et al. 2015; 
Ramesh et al. 2015; Li et al. 2017).  

For the experimental design plants were grouped into ten different 
sets, i.e., one set of untreated-uninoculated (control), two sets of untreated-
inoculated (one set for C. gloeosporioides and one set for F. incarnatum), 
three sets of treated-uninoculated (BTH-treated, BABA-treated, GABA-
treated) and six sets of treated-inoculated (BTH treated-C. gloeosporioides 
inoculated, BABA treated-C. gloeosporioides inoculated, GABA treated-C. 
gloeosporioides inoculated, BTH treated-F. incarnatum inoculated, BABA 
treated-F. incarnatum inoculated, GABA treated-F. incarnatum inoculated). 
In each set disease index and four defense related enzymes levels 
(peroxidase, β-1,3-glucanase, chitinase and phenylalanine ammonia lyase) 
were measured to correlate the effect of these inducers on host defense. 
From the results it was found that BTH and BABA induced plants were 
more tolerant than GABA induced one. However, when the enzyme levels 
were calculated, all the enzymes were found to be elevated on the 4th day 
post treatment/inoculation. Peroxidase level was higher in GABA induced 
plants followed by BTH and BABA induced one. β-1,3-glucanase level was 
higher in GABA induced plants than BTH and BABA induced one when 
challenge inoculated with C. gloeosporioides, whereas, it was higher in BTH 
induced plants followed by GABA and BABA induced one when challenge 
inoculated with F. incarnatum. Chitinase levels were higher in BABA 
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induced plants followed by GABA and BTH induced one. Phenylalanine 
ammonia lyase activity was higher in BTH-treated plants followed by BABA 
and GABA treated plants.  

According to Azami-Sardooei et al. (2013), foliar applications of BTH 
(50 mg/l on tomato, 250 mg/l on bean and cucumber) reduced the 
susceptibility against Botrytis cinerea. Although, higher concentration of 
BTH under pathogen-free conditions showed considerable negative effect 
on vegetative and generative growth like- plant height, flower and fruit 
numbers. Two or four applications of BTH on soybean cultivars Elgin 87 
and Williams 82 in vivo reduced white mold infection (caused by Sclerotinia 
sclerotiorum) by 20-60% and also increase the yield in comparison to 
control (Dann et al. 1998). During the study on role of BTH in resistance 
against powdery mildew infection Gorlach et al. (1996) reported that BTH 
not only induce acquired resistance in plants but also induce the 
expression of wheat chemically induced genes like- lipoxygenase and 
sulfur-rich protein coding genes. According to them BTH was more effective 
than 2,6-dichloroisonicotinic acid and salicylic acid. According to Zhu et al. 
(2016), BTH treatment not only delayed fruit ripening but also helped in 
maintaining fruit cell structure integrity, fruit color and fruit quality. 
Further, BTH also reduced the disease susceptibility through increasing 
the activity of defense related enzymes (i.e., chitinase, phenylalanine 
ammonia-lyase, peroxidase and polyphenol oxidase), antioxidant properties 
(amount of hydrogen peroxide) and reducing malondialdehyde activity. 

According to Zimmerli et al. (2000), BABA activated callose 
deposition, hypersensitive response and formation of trailing necroses in 
Arabidopis and provided resistance against Peronospora parasitica. 
Though, BABA did not induce the accumulation SAR-associated mRNAs 
like- PR-1 and the ethylene or jasmonic acid dependent PDF1.2 mRNA, it 
promoted the accumulation of PR-1 mRNA and papilla formation in 
Arabidopis after attack by P. parasitica. BABA (20mM) induced resistance 
in grape peel tissues against Penicillium digitatum at and nearby vicinity of 
BABA application. Upto 100mM BABA concentration also showed 
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antifungal activity by inhibiting spore germination and germ tube 
elongation. Along with BABA application also elevated chitinase and 
phenylalanine ammonia lyase (PAL) gene expression (Porat et al. 2003). 
Foliar application of BABA on tomato increased phenylalanine ammonia-
lyase, peroxidase and H2O2 concentration leading to significant 
suppression of bacterial canker disease caused by Clavibacter 
michiganensis ssp. michiganensis (Baysal et al. 2005).  

According to Scholz et al. (2015) in gad1/2 double mutant and 
gad1/2×pop2-5 tripple mutant Arabidopsis thaliana plants GABA played 
direct and systemic defense response against herbivory, where GABA 
activity was not dependent on defense related phytohormones or 
jasmonates and vice versa. According to Ramesh et al. (2015) GABA 
inhibited the aluminium-activated malate transporter leading to altered 
pollen tube and root growth, tolerance to alkaline/acidic pH and high 
aluminium ion concentration. AL-Quraan et al. (2015) reported that 
synthetic 1,2,3-thiadiazole compounds (I, II and III) increased the GABA 
and malondialdehyde levels and reduced carbohydrate, protein levels along 
with reduced fresh and dry weight in Jordan 1 and 2 cultivar of lentil. Li et 
al. (2017) reported that under low light stress GABA increased chlorophyll 
content, net photosynthetic rate, stomatal conductance, quantum yield 
and photochemical efficiency of PSII, electron transport rates and 
photochemical quenching coefficient in pepper. In GABA primed plants 
under low light stress increased activities of antioxidant defense related 
enzymes (i.e., superoxide dismutase, catalase, ascorbate peroxidase, 
glutathione peroxidase, monodehydroascorbate reductase, 
dehydroascorbate reductase, glutathione reductase, ascorbate and 
glutathione) resulted in low malondialdehyde content, superoxide anion 
radical and hydrogen peroxide production and high level of photochemical 
efficiency. From the discussion it was observed that PAL was affected 
mostly by these abiotic inducers (i.e., BTH and BABA). 

An interesting observation from the present study was observed 
during the estimation of β-1,3-glucanase from untreated-uninoculated 
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(control), treated-uninoculated, untreated-inoculated and treated-
inoculated plants. From the results it was observed that β-1,3-glucanase 
content decreased in untreated-inoculated plants in comparison to control, 
whereas, in treated-uninoculated plants highest β-1,3-glucanase level was 
observed. Though, the enzyme level increased in treated-inoculated plants, 
the enzyme levels was lower than the treated-uninoculated one.  

According to Rose et al. (2002) β-1,3-glucanase played important role 
in plant defense through the degradation of β-1,3/ β-1,6-glucans of 
pathogen. However, some pathogens like- Phytophthora sojae (Rose et al. 
2002) and Fusarium verticillioides (Sánchez-Rodríguez et al. 2017) were 
reported to secrete endoglucanase inhibitor during disease establishment. 
Xyloglucan specific endoglucanase inhibitors were also identified from 
Nicotiana benthamiana, (similar to tomato and tobacco) that inhibited 
Colletotrichum destructivum and Colletotrichum orbiculare and Pseudomonas 
syringae pv. tabaci population (Xie et al. 2008). Thus, from the above 
results it can be said that the two pathogenic fungi such as C. 
gloeosporioides and F. incarnatum might possibly secreted some kind of 
endoglucanase inhibitor(s) that was responsible for reduced β-1,3-
glucanase level in those plants of the present study. 

However, in the present study it was found that C. gloeosporioides 
was the major pathogen of bottle gourd. Disease index were found to be 
lower in BTH and BABA induced plants than GABA induced plants. All the 
enzyme levels were higher on the 4th day post inoculation and from the 
previously mentioned discussion it was observed that PAL was mostly 
affected by both the abiotic inducers (i.e., BTH and BABA). Thus, 
phenylalanine ammonia lyase (PAL) transcript accumulation on 4th day 
after BTH and BABA induction were calculated through semi-quantitative 
RT-PCR after challenge inoculation with the major fungal pathogen, C. 
gloeosporioides. From the results it was found that, treated, inoculated and 
treated-inoculated plants showed elevated transcript accumulation in 
comparison to control. However, in only inducer treated plants higher 
transcript accumulation was observed in case of BABA-treated one. But, 
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when the induced plants were challenge inoculated with C. gloeosporioides 
higher accumulation of PAL transcript was observed in case of BTH-treated 
and C. gloeosporioides inoculated one. Nevertheless, in both the cases 
reduced disease index was observed.  

Phenylalanine ammonia lyase (PAL) is the key enzyme of 
phenylpropanoid pathway that converts phenylalanine to trans-cinnamic 
acid. Different types of secondary metabolites flavonoids, flavons, 
isoflavonos, lignins, anthocyanins and coumarins are synthesized from this 
pathway. The phenylpropanoid intermediates play important roles in host 
resistance during pathogen attack and elevated phenylalanine ammonia 
lyase activity helps in the synthesis of these secondary metabolites (Bevan 
et al. 1989; Dixon and Paiva, 1995; La Camera et al. 2004; Huang et al. 
2010; Vogt, 2010). 

 Transcriptional regulation of genes encoding different enzymes of 
phenylpropanoid pathway occurs in response to some stimuli (Kim and 
Huang, 2014). Transcripts of PAL genes have been found to accumulate in 
response to elicitors as well as in many different incompatible host-
pathogen combinations (Mauch-Mani and Slusarenko, 1996). According to 
Friedrich et al. (1996), BTH activated salicylic acid accumulation at the site 
or downstream of SAR signaling pathway and regulated expression of nahG 
gene in tobacco. However, cyclohexamide subdued PR-la promoter in 
tobacco that was induced by BTH and salicylic acid using cis-acting 
element. BTH (0.2 g/l) treatment showed higher anthocyanin level and 
elevated activity of glucose-6-phosphate dehydrogenase (G6PDH), 
shikimate dehydrogenase (SKDH), tyrosine ammonia lyase (TAL), 
phenylalanine ammonia lyase (PAL), cinnamate-4-hydroxylase (C4H) and 
dihydroflavonol 4-reductase (DFR)  in strawberries during 10 days of 
storage at 1˚C (Cao et al. 2011). BABA treatment in pearl millet and 
challenge inoculation with Sclerospora graminicola upregulated the 
resistance gene analogue- RGPM213 that encode resistance proteins 
having ser-thr kinase domain (Ranjini et al. 2016). BABA (4 mM) treatment 
conferred resistance against cucurbit powdery mildew and increased 
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guaiacol peroxidase and PAL activity in squash (Zeighaminejad et al. 2016). 
Shaw et al. (2017) analyzed differentially expressed transcripts of maize 
plants using suppression substractive hybridization and reported that 
BTH, BABA and GABA might be effective in combating against C. 
gloeosporioides, where BTH and BABA served a better role. 

In the present study, four known antagonistic bacterial isolates 
(Serratia marcescens, Pseudomonas putida, Bacillus amyloliquefaciens, 
Rhizobium radiobacter) were used in vitro to control the growth of 
Colletotrichum gloeosporioides and Fusarium incarnatum. From the results 
it was observed that B. amyloliquefaciens and R. radiobacter were more 
effective in inhibiting the growth of either of the fungi. S. marcescens and P. 
putida also showed more or less similar result against C. gloeosporioides. 
However, P. putida was moderately effective against F. incarnatum, 
whereas, S. marcescens was least effective in controlling the growth of F. 
incarnatum. 

All the above mentioned bacteria are known to have antagonistic 
effects against certain bacteria and fungi. Serratia marcescens was reported 
to have antagonistic effect on rice sheath blight causing Rhizoctonia solani 
(Someya et al. 2005). In another study, Escherichia coli, Klebsiella ozaenae, 
Pseudomonas maltophila, Bacillus circulans, Bacillus sphaericus, Bacillus 
coagulans, Serratia marcescens and Streptococcus spp. were effective 
against some pathogenic fungi (Alternaria porri, Fusarium oxysporum, 
Sclerotium rolfsii and Botryodiplodia theobromae), where S. 
marcescens completely inhibited spore germination of S. rolfsii 
(Sivanantham et al. 2013). According to Karimi et al. (2012) Pseudomonas 
putida isolate P9 and P10 were proved to be antagonists against Fusarium 
oxysporum f. sp. ciceri in dual-culture assay. Antifungal activity of cell 
suspension and cell-free supernatant of Bacillus amyloliquefaciens SYBC 
H47 culture against Aspergillus niger, Mucor racemosus, Fusarium 
oxysporum, Penicillium citrinum and Candida albicans was reported by Li et 
al. (2016). They also reported that B. amyloliquefaciens inhibited the 
conidia germination and mycelia growth of Botryosphaeria dothidea. 
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Rhizobium radiobacter showed antagonistic activity against Fusarium 
oxysporum, Fusarium solani and Panax herbarum (Fan et al. 2016). 
However, according to Charest et al. (2005) humic substances extracted 
from de-inking paper sludge compost inhibited the natural antagonistic 
effect of Rhizobium radiobacter against Pythium ultimum.  

Several phytoextracts were also used in the management of several 
bacteria and fungi by several workers. Ten different plants were selected for 
the present study to compare their antifungal effect against the two fungal 
pathogens viz., C. gloeosporioides and F. incarnatum using poisoned food 
technique. From the results it was found that alcoholic extract of 
Azadirachta indica was effective against both the fungi i.e., C. 
gloeosporioides and F. incarnatum. Datura metel and Piper betle showed 
growth inhibition of C. gloeosporioides, whereas, Holarrhena 
antidysenterica and Murraya koenigii showed growth inhibition of F. 
incarnatum. Other phytoextracts used in the present study did not show 
significant growth inhibition in either of the pathogens. 

Effect of different phytoextracts on different fungi and bacteria was 
reported by several workers. Inhibitory effect of neem (Azadirachta indica) 
extracts on Aspergillus and Rhizopus (Mondall et al. 2009), Trichophyton 
mentagrophytes, Trichophytonrubrum, Microsporum canis and 
Epidermophyton floccosum (Salazer et al. 2015) were reported. Datura metel 
extract was effective against Trichoderma harzianum, Trichoderma viride, 
Fusarium oxysporum f. sp. melonis, Fusarium oxysporum f. sp. lycopersici 
and Fusarium oxysporum f. sp. tuberosi (Rinez et al. 2013). Piper betle 
extract showed inhibitory effect on Colletotrichum gloeosporioides, 
Rhizoctonia solani, Fusarium oxysporum f. sp. cubense, Sphaceloma 
ampelinum, Colletotrichum capsici, Alternaria brassicicola and Pyricularia 
oryzae (Singburaudom, 2015). According to Balakumar et al. (2011) 
Ocimum sanctum extract was proved to be effective against Trichophyton 
mentagrophytes, Trichophyton rubrum, Microsporum gypseum, Microsporum 
nanum and Epidermophyton flocossum. Phytoextract of Holarrhena 
antidysenterica significantly inhibited the growth of Penicillium expansum 
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and Aspergillus fumigatus (Baviskar and Dekate, 2016). Trichophyton 
mentagrophytes and Microsporum gypseum were reported to be inhibited by 
Murraya koenigii extract (Jayaprakash and Ebenezer, 2012). Extract of 
Leucas aspera inhibited the growth of Penicillium sp. and Candida tropicalis 
(Babu et al. 2016). Inhibitory effect of Mangifera indica extract on Candida 
glabrata was reported by Jain and Nafis (2011). Lagerstroemia speciosa 
extract was effective against 12 bacterial and 3 fungal isolates viz., Bacillus 
subtilis, Bacillus megaterium, Sarcina lutea, Staphylococcus aureus, 
Bacillus cereus, Salmonella paratyphi, Vibrio mimicus, Vibrio 
parahemolyticus, Pseudomonas aeruginosa, Escherichia coli, Shigella 
dysenteriae, Aspergillus niger, Sacharomyces cerevaceae and Candida 
albicans (Nasrin et al. 2012). Boerhavia diffusa extract were proved 
significantly effective against Bacillus subtilis, Staphylococcus aureus, 
Salmonella typhi and Escherichia coli (Das, 2012). 

This study revealed some new facts of fundamental importance. The 
survey made in five districts of sub-Himalayan West Bengal revealed that 
the fungal pathogens F. incarnatum and C. gloeosporoides attack bottle 
gourd plants and severely damage fruits and leaves of the plants. To the 
best of our knowledge, this study is the first report on F. incarnatum and C. 
gloeosporoides as pathogen of L. siceraria. Induction of several 
pathogenesis related enzymes by abiotic elicitors have been observed. 
Differential expressions of PAL gene have been studied by semi-
quantitative RT PCR method following induction of resistance. Successful 
priming was observed when plants were treated with BTH or GABA. Hence, 
these chemicals may be used to manage fruit and foliar diseases of bottle 
gourd infected by F. incarnatum and C. gloeosporioides. Additionally, the 
growth of the above mentioned two pathogens were also found to be 
inhibited by some antagonists and botanical in in-vitro studies. Some of 
them have potential to control the pathogens. Thus the present study 
significantly throws light towards significant management of bottle gourd 
plants. 
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APPENDIX-I 

CHEMICALS AND REAGENTS 

A number of reagents and chemicals were used in the present study out of 
which the major chemicals are enlisted below. All other common salts, 
acids and solvents used were purchased from SRL Pvt. Ltd., Mumbai, India 
and Merck Specialities Pvt. Ltd., Mumbai, India. In addition to the common 
laboratory reagents, following chemicals were used during the work: 

 Chemicals Company 
Acetic acid SRL Pvt. Ltd., Mumbai, India 
Acetone  SRL Pvt. Ltd., Mumbai, India 
Acrylamide SRL Pvt. Ltd., Mumbai, India 
Agarose SRL Pvt. Ltd., Mumbai, India 
2-aminobutyric acid Fluka, Switzerland 
3-aminobutyric acid Fluka, Switzerland 
Ammonium persulphate  SRL Pvt. Ltd., Mumbai, India 
2,1,3-Benzothiadozole Fluka, Switzerland 
Bis-acrylamide SRL Pvt. Ltd., Mumbai, India 
Bovine serum albumin  HiMedia, Mumbai, India 
Bromophenol blue HiMedia, Mumbai, India 
β-mercaptoethanol SRL Pvt. Ltd., Mumbai, India 
Casein  HiMedia, Mumbai, India 
Coomassie brilliant blue R-250  HiMedia, Mumbai, India 
Cetyltrimethylammonium bromide, 
Molecular Biology Grade 

Calbiochem, EMD Biosciences, Inc. 
La Jolla, CA.  

Chloroform     SRL Pvt. Ltd., Mumbai, India 
Congo red  SRL Pvt. Ltd., Mumbai, India 
Dextrose SRL Pvt. Ltd., Mumbai, India 
p-Dimethylaminobenzaldehyde SRL Pvt. Ltd., Mumbai, India 
Di-pottasium hydrogen phosphate SRL Pvt. Ltd., Mumbai, India 
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dNTP mix (2.5mM each) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
dinitrosalicylic acid SRL Pvt. Ltd., Mumbai, India 
di-Sodium tetraborate (Borax) Merck, India 
Ethanol Bengal chemical, Kolkata India 
Ethidium bromide Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Ethyl acetate  SRL Pvt. Ltd., Mumbai, India 
Ethylenediaminetetra acetic acid disodium 
salt extrapure A.R. 

SRL Pvt. Ltd., Mumbai, India 

Ethylenediamine tetra acetic acid (EDTA) SRL Pvt. Ltd., Mumbai, India 
Ferric chloride HiMedia, Mumbai, India 
Folin ciocalteau  s.d. fine chem. Ltd., Mumbai, India 
Gel loading buffer (6X) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Glacial acetic acid  SRL Pvt. Ltd., Mumbai, India 
Glucose SRL Pvt. Ltd., Mumbai, India 
Glutaraldehyde Sigma Aldrich Chemicals, USA 
Glycerol SRL Pvt. Ltd., Mumbai, India 
Glycine SRL Pvt. Ltd., Mumbai, India 
Guiacol SRL Pvt. Ltd., Mumbai, India 
Hydrochloric acid E. Merck, Mumbai, India 
Hydrogen peroxide E. Merck, Mumbai, India 
isoamyl alcohol SRL Pvt. Ltd., Mumbai, India 
isopropanol SRL Pvt. Ltd., Mumbai, India 
ITS1 Sigma Aldrich Chemicals Pvt. Ltd., 

India 
ITS4 Sigma Aldrich Chemicals Pvt. Ltd., 

India 
Laminarin  Sigma Aldrich Chemicals, USA 
Lactophenol cotton blue HiMedia Laboratories Ltd, India 
L-phenylalanine HiMedia Laboratories Ltd, India 
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Magnesium chloride HiMedia Laboratories Ltd., 

Mumbai, India 
Mercuric chloride (HgCl2) E. Merck, Mumbai, India 
Methanol  SRL Pvt. Ltd., Mumbai, India 
Nitric acid E. Merck, Mumbai, India 
One Step M-MuLV RT-PCR kit Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Ortho phosphoric acid SRL Pvt. Ltd., Mumbai, India 
PAL1-F Sigma Aldrich Chemicals Pvt. Ltd., 

India 
PAL1-R Sigma Aldrich Chemicals Pvt. Ltd., 

India 
Polyvinyl pyrrolidone HiMedia, Mumbai, India 
Potassium tetraborate SRL Pvt. Ltd., Mumbai, India 
Quick PCR Purification Kit Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Riboflavin SRL Pvt. Ltd., Mumbai, India 
RNase A Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Sodium azide  HiMedia, Mumbai, India 
Sodium carbonate E. Merck, Mumbai, India 
Sodium chloride  SRL Pvt. Ltd., Mumbai, India 
Sodium dodecyl sulphate (SDS) HiMedia, Mumbai, India 
Sodium hydroxide SRL Pvt. Ltd., Mumbai, India  
Sodium molybdate  SRL Pvt. Ltd., Mumbai, India 
Sodium nitrate  HiMedia, Mumbai, India 
Sodium thiosulphate SRL Pvt. Ltd., Mumbai, India 
Step Up 500bp DNA ladder Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Sucrose SRL Pvt. Ltd., Mumbai, India 
Tetramethyl ethylene diamine (TEMED) SRL Pvt. Ltd., Mumbai, India 
10 X Taq Polymerase buffer E with 15mM 
MgCl2 

Bangalore Genei (India) Pvt. Ltd., 
Bangalore, India 
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10X Taq buffer A (Tris with 15mM MgCl2) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Taq DNA polymerase (3U/µl) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Thiobarbituric acid (TBA) BDH chemicals limited, Poole, 

England 
Toluene SRL Pvt. Ltd., Mumbai, India 
Trichloroacetic acid (TCA) Universal laboratories Pvt. Ltd, 

Mumbai, India 
Tris  E. Merck, Mumbai, India 
Tris- saturated phenol Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 
Tween 20 HiMedia, Mumbai, India 
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APPENDIX II 

BUFFERS AND SOLUTIONS 

1. 0.2M Sodium phosphate buffer, pH 6.5 
A. Na2HPO4.7H2O, 0.2 M = 35.61 g in 1000 ml distilled water. 
B. NaH2PO4.2H2O = 31.21 g in 1000 ml distilled water. 
(32 ml of solution A and 68 ml of solution B were mixed and 
pH was adjusted to 6.5.) 

2. Acetate buffer  
 Stock solution A: 

Acetic acid   0.1 M 
Distilled water  1000 ml 

 Stock solution B: 
Sodium acetate (tri hydrate) 13.6 g 
Distilled water 1000 ml 

847 ml Stock solution A and stock solution B 153 ml were mixed to obtain 
a buffer of pH 5. 
3. 0.2 M Borate buffer, pH 8.7 
   A. Boric acid, 1.24 g in 100 ml distilled water 
                   B. Borax, 1.90g in 100 ml distilled water 

(50 ml of solution A and 22.5 ml of solution B were mixed and pH was 
adjusted to 8.7) 

4. 1X TAE buffer 
 50X TAE composition: 

Tris base 242 g 
Glacial acetic acid 57.1 ml 
EDTA (0.5 M) 100 ml 
Distilled water (final volume make up to) 1000 ml 
Final pH 8.0 

To make 1X TAE buffer, 1 ml 50X stock buffer was diluted in 49 ml 
distilled water to make final volume 50 ml. 
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5. TE buffer 

Tris-HCl                       10 mM 
EDTA 1 mM 
Final pH 8.0 

 
6. DNA extraction buffer   

 
 
7. Polyacrylamide gel electrophoresis: Stock solutions 
Polyacrylamide gel electrophoresis (PAGE) was done following the method 
as described by Davis (1964) with some modifications. The compositions of 
the solutions used for preparing resolving and stacking gels are as follows:- 
Preparation of stock solution 
Solution A: Acrylamide stock solution (resolving gel) 
Acrylamide stock solution was prepared for the resolving gel, by dissolving 
30g of acrylamide and 0.8 gm of N N’ methylene bisacrylamide dissolved in 
100 ml of warm distilled water. The stock solution was filtered with 
Whatmann No. I filter paper in dark and stored in dark bottle in 40C. 
Solution B: Tris-HCL (resolving gel) 
Tris HCL buffer was prepared by dissolving 18.15 gm of Tris base in 
distilled water and 0.4 ml of TEMED was added. The pH of the solution 
was adjusted to 8.9 with 1N HCL. The final volume of the solution was 
made upto 100 ml with distilled water. The solution was then stored at 40C 
for further use. 

Chemicals requirements Concentration of 
stock solution 

Working volume for 
1g sample 

Tris (pH 8.0) 1M 500µl 
NaCl 5M 1.4ml 
EDTA (pH 8.0) 0.5M 200µl 
Β-mercaptoethanol  10µl 
Distilled water (sterile)  2.89ml 
CTAB 2% (w/v)  100mg 
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Solution C: Ammonium per sulphate 
Fresh solution of ammonium per sulphate was prepared by dissolving 
60mg of APS in 100 ml of distilled water. 
Solution D: Acrylamide stock solution (stacking gel)  
For the preparation of acrylamide stock solution for the stacking gel, 5 gm 
of acrylamide and 1.25 gm of bisacrylamide was dissolved in 100 ml warm 
distilled water. The stock solution was then filtered with Whatmann No. I 
filter paper and stored at 40 C in dark bottle. 
Solution E: Tris HCL (stacking gel) 
2.1 gm of Tris base was mixed with distilled water and 0.2 ml of TEMED 
was added to it. Finally the pH of the solution was adjusted to 6.7 with 1N 
HCL. The final volume of the solution was made upto 100 ml with distilled 
water. The solution was then stored at 40C for further use. 
Solution F: Riboflavin solution 
Fresh riboflavin solution was prepared by dissolving 2 mg of riboflavin in 
2M sucrose (100ml). The solution was kept in dark bottle to protect it from 
light. 
Solution G: Electrode buffer (pH 8.4) 
Fresh electrode buffer was prepared by dissolving 6 gm of Tris base and 
28.8 gm of glycine in 1 litre distilled water. 
8.  Ethidium bromide solution (10 mg ml-1) 
To prepare 10 ml of 10 mg/ml ethidium bromide, 100 mg of ethidium 
bromide powder was dissolved in 8 ml water and stirred on a magnetic 
stirrer for several hours to dissolve the dye completely. The volume was 
adjusted up to 10 ml and stored in dark brown bottle. 
9. Agarose gel (1.0%) 
Agarose powder (1.0 g) was taken in a conical flask and 1X TAE buffer was 
added to make the final volume to 100 ml. The mixture was then properly 
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boiled, added proper amount of EtBr solution when its temperature is 
about 55-60°C and poured on a gel casting plate. 
 
10. Agarose gel (1.5%) 
Agarose powder (1.5 g) was taken in a conical flask and 1X TAE buffer was 
added to make the final volume to 100 ml. The mixture was then properly 
boiled, added proper amount of EtBr solution when its temperature is 
about 55-60°C and poured on a gel casting plate.  
 
11. 2% CTAB in 1M NaCl (100ml) for DNA isolation 
CTAB             1.0g 
1M NaCl                     100ml 
Measured amount of CTAB was added to sterile 1M NaCl and heated in 
water bath to dissolve completely at 60ºC. 
 
12. NaCl (5M) for DNA isolation 
NaCl             29.2g 
Distilled water           100ml  
Measured amount of NaCl was added to distilled water, mixed properly till 
the salt dissolves and thereafter sterilized by autoclaving at 15 lbs p.s.i 
pressure for 15 min at 121°C. 
 
13. EDTA (0.5 mM) (pH 8.0) 
Disodium EDTA-dihydrate                   18.6g 
Distilled water                                     100ml 
 Measured amount of disodium EDTA-dihydrate was dissolved in distilled 
water and mixed vigorously on a magnetic stirrer. The pH was adjusted to 
8.0 with NaOH (~ 10 g of NaOH pellets). Solution was sterilized by 
autoclaving at 15 lbs p.s.i pressure for 15 min at 121°C. 
 
14. Tris-HCl (1M) 
Tris base                                             12.32 g 
Distilled water                                      100ml 
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Measured amount of tris base was dissolved in 100 ml of water and pH was 
adjusted the pH 8.0 with concentrated HCl, made up the final vol to 100 
ml. Solution was sterilized by autoclaving at 15 lbs p.s.i pressure for 15 
min at 121°C. 
 
15. 70% ethanol for DNA isolation 
 Absolute ethanol             70 ml 
 Distilled water            30 ml 
 
16. K2HPO4 (0.5 M) 

 Dipotassium hydrogen phosphate- 0.87gm 
 Dissolved in 100ml double distilled water 
 

17. Guaiacol (0.05M) 20ml 
 Guiacol- 221.6µl 
 Dissolved in 19.77ml double distilled water 
 

18. Dinitro salicylic acid (DNS) reagent 
                     Dinitro salicylic acid  :  1.0 g 
                     Crystal phenol  :  200mg 
                     Sodium sulfate  :  50 mg 
                     Sodium hydroxide       :           1.5  
                     Distilled water  : 100 ml 
 
By stirring dissolved all the constituents and stored the reagent in a stopper 
bottle at 40 C. The reagent deteriorates during storage due to atmospheric 
oxidation of the sulphite present. If required to be stored, the reagent was 
prepared without dilution and added just before use (Mahadevan and Sridhar, 
1996). 
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APPENDIX-III 

GROWTH MEDIA 
 
1. Potato dextrose agar (PDA) 
 Peeled potato     : 400gm 
 Dextrose      : 20gm 
 Agar       : 20gm 
 Water       : 100ml 
Required amount of peeled potato was boiled in distilled water and filtered 
through cheese cloth. Then 2% dextrose and 2% agar powder was added to 
it and melted by heating before the medium was sterilized at 15 lb p.s.i. for 
15 minutes. 
 
2. Oat meal agar (OMA) 

Oat meal      : 40 g 
Agar agar      : 15 g 
Distilled water     : 1000 ml 

Required amount of powdered oat was boiled in distilled water in a 
water bath, stirred occasionally and strained through cheese cloth. Then 
agar powder was added to it and melted by heating before the medium was 
sterilized at 15 lb p.s.i. for 15 minutes. 
3. Czapek dox agar (CDA) 

Sodium Nitrate ( NaNO3)    : 3 g                
 Potassium hydrogen phosphate (K2HPO4)  : 1 g 
 Potassium Chloride (KCI)    : 0.5 g 
 Magnesium sulfate (MgSO4, 7H2O)   : 0.5 g 
 Ferrous Sulphate (FeSO4)    : 0.01 g 
 Sucrose       : 30 g 
 Agar agar       : 15 g 
 Distilled water      : 1000 ml 
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All the ingredients except agar and K2HPO4 were dissolved. Then agar was 
added and dissolved by boiling. Finally K2HPO4 was added to the molten 
solution, mixed thoroughly and sterilized at 15 lb p.s.i. for 15 minutes. 
4. Richard’s agar (RA) 

KNO3       :10 g 
KH2PO4      :5 g 
MgSO4, 7H2O     :2.5 g 
FeCl3       :0.02 g 
Sucrose               :50 g  
Agar agar                             :20 g 
Distilled water     :1000 ml 

Required amount of all the constituents were taken and dissolved by 
stirring with required distilled water. The agar was melted by heating the 
medium before sterilization at 15 lb p.s.i. for 15 minutes. 
 
5. Yeast extract mannitol agar (YEMA) 

Yeast extract      : 2 g 
 Mannitol       : 10 g 
 Potassium Dihydrogen Phosphate  (KH2PO4) : 0.5 g 
 Magnesium sulfate (MgSO4, 7H2O)   : 0.2 g 
 Sodium Chloride (NaCl)     : 0.1 g 
 Agar agar       : 20 g 
 Distilled water      : 1000 ml 

All the ingredients except agar were dissolved in distilled water. Finally, 
agar was added and dissolved by boiling before the medium was sterilized 
at 15 Ib p.s.i. for 15 minutes. 
 
6. Malt extract agar (MEA) 

Malt extract      : 20 g  
  Agar       : 20 g 
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 Distilled water     : 1000 ml 

Malt extract was dissolved in distilled water by boiling. Then, required 
amount of agar powder was added. Finally the solution was boiled with 
constant shaking till the agar was dissolved. Sterilization was done at 15 lb 
p.s.i. for 15 minutes. 
7. Lagenaria dextrose agar (LDA) 
 Potato      : 200gm 
 Carrot      : 200gm 
 Lagenaria fruit extract    : 200gm 
 Dextrose      : 20gm 
 Agar       : 20gm 
 Water       : 1000 ml 
Required amount of peeled potato, carrot and lagenaria fruit extract was 
boiled in distilled water and filtered through cheese cloth. Then 2% 
dextrose and 2% agar powder was added to it and melted by heating before 
the medium was sterilized at 15 lb p.s.i. for 15 minutes. 
 
8. Potato dextrose broth (PDB) 

 Peeled potato   : 40 g 
   Dextrose   : 2 g 
   Distilled water  : 100 ml 
Required amount of peeled potato was boiled in distilled water. The potato broth 
was taken by straining through cheesecloth and required amount of dextrose was 
added. Finally, the medium was sterilized at 15 lb p.s.i. for 15 minutes.  
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APPENDIX IV 

NUCLEOTIDE SEQUENCES 
Nucleotide sequences of rRNA genes of the pathogenic fungi isolated from 
diseased bottle gourd fruits. 
1. F/A/1 (Colletotrichum gloeosporioides) (Submission code SILIGU 1) 
Accession No.  KC355249 
GACTCCTCCTAGGGGAACCTGCGGAGGGATCATTACTGAGTTTACGCTCTA
CAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTCTCCG
CGACCCTCCCGGCCTCCCGCCTCCGGGCGGGTCGGCGCCCGCCGGAGGA
TAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATC
AAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCG
AAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGA
ACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCA
TTTCAACCCTCAAGCTCTGCTTGGTGTTGGGGCCCTACAGCTGATGTAGGC
CCTCAAAGGTAGTGGCGGACCCTCTCGGAGCCTCCTTTGCGTAGTAACTTTA
CGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACCCCCAATTTTC
CAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCA
ATAAGCGGGGGAA 
 
2. F/A/2 (Fusarium incarnatum, submitted as Fusarium sp., 
Submission code SILIGU 2) 
Accession No.  KR263845 
GTAGGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCC
CTGTGAACATACCTATACGTTGCCTCGGCGGATCAGCCCGCGCCCCGTAAA
ACGGGACGGCCCGCCCGAGGACCCCTAAACTCTGTTTTTAGTGGAACTTCT
GAGTAAAACAAACAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG
GCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATT
CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCG
GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCAGCTTGGTGTTGG
GACTCGCGGTAACCCGCGTTCCCCAAATCGATTGGCGGTCACGTCGAGCTT
CCATAGCGTAGTAATCATACACCTCGTTACTGGTAATCGTCGCGGCCACGCC
GTTAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCT
GAACTTAAGCATATCGATAACCCAGGAGAAAC 
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Colletotrichum sp. and Fusarium sp. are the two major fungi that cause bottle gourd fruit rot. 

Typical fruit symptoms include hard, sunken, and dark brown to black patches gradually 

covering entirely the whole fruit. Pathogen isolates were obtained from diseased bottle gourd 

fruits, on PDA medium forming a white to gray colonies. The conidia of Colletotrichum sp. 

were hyaline in color, cylindrical with both apices rounded. On the other hand the conidia of 

Fusarium sp. were also hyaline, beaked and having transverse septa. Pathogenicity tests with 

representative isolates were conducted on symptomless fresh bottle gourd fruits. Both the tested 

fungal pathogen caused fruit rot on bottle gourd fruit. Koch’s postulates were fulfilled by 

reisolation of the pathogens from the test fruits. PCR analysis (using universal primer set ITS1/ 

ITS4) of genomic DNA from the pathogens and bioinformatic analysis further confirmed 

presence of the pathogens. These two fungi as fruit rot causing pathogens in bottle gourd are 

being reported for the first time. 
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Introduction 

 

Bottle gourd [Lagenaria siceraria (Molina) Standl.] is an annual 

herbaceous climber of family Cucurbitaceae. Bottle gourd fruits are used as 

vegetable. Leaves and twigs are also used as leafy vegetable.  Woody rind 

(exocarp) of mature and dry fruits is used mostly for manufacture of containers, 

musical instruments, fishing floats etc. (Heiser 1979). Currently bottle gourd is 

cultivated widely in India, China, Srilanka and Bangladesh, for its edible parts 

and also for its medicinal application (Prajapati et al. 2010). Bottle gourd is rich 

in minerals (potassium and calcium) and vitamins (vitamin A and B). It also  
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contains various biologically active constituents including flavonoids, saponins, 

triterpenes. Thus, bottle gourd is considered as an important source of 

pharmaceuticals for mankind and is advised for treatment of diseases like 

diabetes, jaundice, ulcers, hepatic disorders, cardiac disorders, and for blood 

pressure control (Prajapati et al. 2010 & Milind et al. 2011). 

Like many other plants, Bottle gourd is also vulnerable to fungal 

attacks. Specially, the fruits are susceptible because of their high moisture 

content.  The fruits are decomposed easily following fungal attack. Fruit rot is 

very common in the cultivated fields. The cultivation of bottle gourd is affected 

by different pathogens including fungi, bacteria and viruses. Among the 

pathogens fungi such as Cercospora citrulina, Alternaria cucumerina has been 

reported to cause major problems by producing leaf spot and leaf blight disease 

and reducing in fruit yield (Maheshwari et al. 2013). The occurance of southern 

blight caused by Sclerotium rolfsii on bottle gourd has also been reported in 

South Carolina (Ling et al. 2008).  

In the present study area (sub-Himalyan West Bengal) approximately 50 

hectares of land is under cultivation of Bottle gourd. Both premature and 

mature fruits are prone to attack by fungi. Fruit rot is very common in this area, 

rendering large amount of crop loss every year. Due to importance of Bottle 

gourd as vegetable and due to substantial crop loss, there is an urgent need for 

investigation of its causal pathogens and also for their control. Hence, the 

present work has been taken into consideration with an objective to identify the 

underlying microbial pathogens and also to know their mode of infection to 

combat the disease. 

 

Materials & Methods 

 

Sample collection: Twenty three rotten fruit samples of bottle gourd 

were randomly collected from several bottle gourd cultivated areas of sub-

Himalyan West Bengal, India. The samples were collected in separate sterilized 

zip-pack and were appropriately labelled and brought to the Molecular Plant 

Pathology Laboratory of University of North Bengal and stored at 4
0
C for 

further works. 

Screening of fungal pathogens: The bottle gourd fruits with symptoms 

of fruit rot were cut with a sterilized blade and the dissected portions were 

surface sterilized with 0.01% mercuric chloride (HgCl2) for 1 minute. The 

pieces were then washed with sterilized distilled water for four consecutive 

times to remove traces of HgCl2 left behind. The surface sterilized rotten 

portions were then cut into 2mm² small pieces with heat sterilized blade in 
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aseptic condition and transferred into potato dextrose agar (PDA) slants. The 

tubes were then maintained in an incubator at 28±2
o
C for 5 days as proposed by 

Thiyam and Sharma (2013).  

Verification of Koch’s postulates: Koch’s postulation was done for each 

of the fungal isolate for verification of its ability to induce the disease in fresh 

healthy fruits. The whole experiment was done in vivo in the present study area. 

Firstly some healthy growing fruits were selected on the cultivation area and 

were then surface sterilized with 75% ethanol. Then 4-5 scratches were made 

on the fruit using a sterilized scalpel. The scratches were then inoculated with 

conidial suspension made from each fungal isolates. In control sets similar 

scratches were made but mounted with sterile distilled water.  The inoculated 

fruits as well as control fruits were then covered separately with sterilized 

polythene bags with small holes on it for the passage of air and to resist insect 

attack. 

Suitable medium for growth and conidia production of the pathogens: 

Two different commonly used sterilized solidified media viz. Potato dextrose 

agar (PDA) and Oat meal agar (OMA) and one natural medium known as 

Lagenaria dextrose agar (LDA) prepared using extracts of bottle gourd, carrot, 

potato, dextrose and agar as required. Mycelial discs (5mm) of each isolate 

were placed on plates of three different media in triplicates and incubated at 

28±2
o
C for three days. The colony diameter and abundance of conidia 

formation were recorded after 2 days interval up to 6 days.  

Morphology and physiology of the pathogens: A small portion of the 

fungal cultures were mounted into glass slide using lactophenol-cotton blue and 

are then observed under compound light microscope. Detailed morphological 

properties of the fungi such as septation of hyphae, type and shape of spore, etc 

were observed and were recorded as proposed by Amadi et al. (2014). For 

confirmation of identification one sample of a pathogen was sent to Indian 

Type Culture collection (ITCC) situated at IARI, New Delhi. 

Isolation of fungal DNA: The cultures were grown in 25 ml of potato 

dextrose broth (PDB) and incubated as stationary culture for 7 d at 28±2°C. 

Mycelium was harvested by filtering through Whatman No.1 filter paper, 

washed twice with distilled water, dried and ground to a fine powder in liquid 

nitrogen using sterile mortar and pestle. DNA of both Colletotrichum and 

Fusarium isolates were extracted using CTAB method (Dellaporta et al. 1983) 

modified by Sharma et al. (2003). Plant tissue (1g 5ml
-1

) was homogenized 

with 2% CTAB-DNA extraction buffer of 60˚C for 1hr and mixed with 

chloroform-isoamylalcohol (24:1) and then centrifuged. Aqueous phase was 

subjected to precipitation by using 0.6 volume of isopropanol and precipitates 

were washed with 70% ethyl alcohol and dried overnight. DNA was treated 
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with RNase and was dissolved in T E buffer [pH 8] and stored at -20˚C for 

further use. All extracted DNAs were diluted 10-fold in sterile distilled 

deionised water and quantified by use of ethidium bromide fluorescence. 

Polymerase chain reaction (PCR) and sequencing: The ITS regions 1 

and 4, including  18S, 5.8S and 28S rDNA were amplified by using universal 

primers ITS 1 (5`-TCCGTAGGTGAACCTGCGG-3`) and ITS 4 (5`-

TCCTCCGCTTATTGATATGC-3`). Amplification was performed in a 25 µl 

reaction volume containing 20 ng genomic DNA from each isolate, 3U Taq 

DNA polymerase, 2.5 mM MgCl2, dNTPs (2.5 mM each) and 1 µM each of the 

forward and reverse primers in 10X Taq buffer B (Genei, Bangalore). It was 

subjected to initial denaturation of 2 min at 94 ˚C followed by 35 cycles of 1 

min at 94˚C, 1 min at 55 ˚C and 2 min at 72 ˚C, ending with a final extension of 

10 min at 72 ˚C. The amplification was carried out using a Gene Amp 2400 

thermal cycler PCR system (Perkin Elmer). After PCR amplified DNA 

fragment was purified using Genei Quick PCR purification Kit (Genei, 

Bangalore). The sequencing was done from automated DNA sequencing 

service from Xcelris Genomics Ltd, Bangalore. Sequencing was done in both 

directions using ITS 1 forward and ITS 4 reverse primers. 

Phylogenetic analysis: The sequence data were analyzed using BLAST 

at the NCBI website (http://www.ncbi.nlm.nih.gov/). The sequence data from 

three amplified PCR products were assembled and analyzed using CLUSTAL 

W from MEGA 6.0 version software. The sequence was submitted to GenBank 

with proper annotations. The accessions of GenBank were also received 

(Accession numbers KC355249 for Fusarium isolate F/A/1 and KR263845 for 

Colletotrichum isolate F/A/2). The sequences were compared with equivalent 

sequences from a range of other crop infecting fungus present in GenBank. 

Multiple sequence alignment was carried out using the software CLUSTAL W 

in MEGA 6.0 version (Tamura et al. 2013). An evolutionary tree was 

constructed using Neighbor-Joining method (Saitou & Nei 1997). The 

evolutionary distances were computed using the Maximum Composite 

Likelihood method (Tamura et al. 2013). 

 

Results 

 

Survey, disease incidence and symtomatology: Disease symptoms were 

commonly observed on both mature and immature green fruits in the field.  

Immature fruits when infected produced yellowish brown superficial 

discoloration that developed into dark brown to black patches sometimes 

almost covering the fruits. Lesions may also appear on petioles and in such 

cases the young fruits fall from the climber. Symptoms on mature fruits 
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appeared as black colored hard and sunken areas that gradually develop into 

large water-soaked areas and ultimately leading to spoilage of the whole fruit 

(Figure 1). The severely infected plants bear no fruits. Fruit rot incidence was 

found to vary from location to location. On an average 59% fruit rots were 

recorded in the sub-Himalayan foot hill region of West Bengal but 42% fruit 

rots were recorded in distant areas from foot hills. These data indicated that 

incidence of fruit rot was high in Sub-Himalayan region of West Bengal. 

 

 

Fig-1: Field study and collection of rotten fruits from bottle gourd field. a. 

Picture showing fruit rot in premature fruit; b. Picture showing fruit rot in 

mature fruit. 

Establishment of the two isolates as pathogens following Koch’s 

postulates: After isolation of fungal pathogen from the infected fruit samples it 

was necessary to test the Koch’s postulates for all the fungal isolates. Detailed 

procedure of ‘Koch’s postulates’ have been presented in the Materials and 

methods. Results of Koch’s postulates indicated that among the 23 isolates, two 

isolates (F/A/1 and F/A/2) were pathogenic to bottle gourd. This was due to in 
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all the cases of re-isolation, isolate F/A/1 and F/A/2 were consistently found to 

be associated with the infection of the fruit.  

Mycelial growth and sporulation of two isolates in different solid 

media: In order to evaluate the vegetative growth and sporulation of the two 

pathogenic isolates in solid media, three different media viz., Potato dextrose 

agar (PDA), Oat meal agar (OMA) and one natural medium known as 

Lagenaria dextrose agar (LDA) prepared using extracts of bottle gourd, carrot, 

potato, dextrose and agar agar. After 6 days of incubation in PDA, radial 

growth of fungi (F/A/1) mycelia was 73.36 mm in diameter and in case of fungi 

(F/A/2) it was 90 mm covering the whole plate. Both the fungi showed 

moderate level of sporulation (conidia formation) after 6 days of incubation in 

PDA. In OMA after 6 days of incubation the radial growth of mycelia of F/A/1 

and F/A/2 respectively were 54.29 mm and 66.66 mm in diameter. OMA was 

found to be best medium for sporulation of both the fungi. Radial growths of 

F/A/1 and F/A/2 mycelia in LDA were 69.18 mm and 89.66 mm respectively, 

after 6 days of incubation moderate sporulation was observed in case of both 

the fungi. From the Table 1 & Fig 2, it was evident that, growth of both the 

pathogens was best in PDA but sporulation was best in OMA. 

 

Table-1: Mycelia growth and sporulation of Colletotrichum gloeosporioides 

and Fusarium pallidoroceum 

Colletotrichum gloeosporioides (Isolate code F/A/1) 

Growth 

Media 

Days of incubation 

2 4 6 

Growth Sporulation Growth Sporulation Growth Sporulation 

PDA 9.83 - 48.87 - 73.36 + 

OMA 9.11 - 35.92 + 54.29 ++ 

LDA 9.67 - 43.25 - 69.18 + 

Fusarium pallidoroceum (Isolate code F/A/2) 

Growth 

Media 

Days of incubation 

2 4 6 

Growth Sporulation Growth Sporulation Growth Sporulation 

PDA 11.96 - 77.66 - 90.00 + 

OMA 9.88 - 53.32 + 66.66 ++ 

LDA 10.66 - 76.11 + 89.66 + 

PDA= Potato dextrose agar; OMA = Oat meal agar; LDA = Lagenaria dextrose 

agar 
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Fig-2: a. Mycelian mat of Colletotrichum gleosporioides; b. Spores of 

Colletotrichum gleosporioides; c. Mycelian mat of Fusarium pallidoroceum; d. 

Spores of Fusarium pallidoroceum 

Morphology and identification: For microscopic observations, mycelia 

of both the fungi were taken in microscopic slides from pure culture and stained 

with cotton-blue in lacto-phenol. The slides were mounted with cover glass, 

sealed and observed under microscope. Immature mycelia of F/A/1 were 

hyaline in color. The conidia were cylindrical with both apices rounded. The 

conidial sizes varied from 6.95-14.76 × 4.23-7.52μm. The mycelia of F/A/2 

were also hyaline in color. Conidia of the fungus were beaked and having 

transverse septa. Conidia were produced from simple septate conidiophores in 

simple or branched acropelal chains. The length and breadth of mature conidia 

were 10-40 µm and 6-12 µm respectively. The diameter of the mature hyphae 

ranged between 3-5 µm. Based on the morphological characteristics the two 

fungi F/A/1 and were identified as Colletotrichum sp. and Fusarium sp. 

respectively (Fig 2). One of the fungi (F/A/2) was sent to Indian Type Culture 

collection (ITCC) situated at IARI, New Delhi, for species level confirmation 

which was identified as Fusarium pallidoroseum (Identification no. 9486.14).  

Identification of fungi by polymerase chain reaction (PCR): The fungi 

associated with fruit rot were detected by PCR using ITS specific primers, ITS 

1/ ITS 4. Total two fungi established as pathogen by Koch’s postulation were 

further identified by polymerase chain reaction (Fig 3). All the samples showed 

positive PCR amplification and an expected ~500 nucleotide long sequences 

containing partial sequences of 18S ribosomal RNA gene and 28S ribosomal 

RNA gene, and complete sequences of internal transcribed spacer-1, 5.8S 

ribosomal RNA gene and internal transcribed spacer-2. 
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Fig-3: Agarose gel electrophoresis of PCR amplified ITS regions: (a) F/A/1 and 

(b) F/A/2. 

 

Fig-4: Nucleotide sequence identity matrix of the isolates (C. gloeosporioides 

and Fusarium sp.) of the present study following 18s rDNA sequence analysis 

with that of some other pathogenic C. gloeosporioides and Fusarium sp. 
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Analysis of fungal nucleotide sequence associated with fruit rot: The 

sequence analysis showed that the present fungi F/A/1 shared 96-100% nt 

identity with other fruit rot causing Fusarium sp., and F/A/2 shared 95-100% nt 

identity with other Colletotrichium gloeosporioides species causing fruit rot. 

But these two fungi shared 74-79% nt identity among each other and 79-99% nt 

identities with other fungi of genbank used for phylogenetic analysis in the 

present study (Fig 4). The phylogenetic analysis showed overall two groups 

amongst all the isolates analyzed (Fig.5). The isolates F/A/1 (Acc. No. 

KC355249), grouped into one clade (GR-1) i.e., with Colletotrichum spp. and 

F/A/2 (Acc. No. KR263845) into another clade (GR-2) i.e., Fusarium spp. But, 

in GR-1 present isolate F/A/1 pair with Colletotrichum gloeosporioides (Acc. 

No. AB981196) infecting Cinnamon (Cinnamomum verum) causing 

anthracnose in Japan with 93% bootstrap value and 97% nt identity. In clade 

GR-2, present isolate F/A/2 pair with Fusarium equiseti (Acc. No. KF515650) 

infecting Avicennia marina causing Black Stems in China with 94% bootstrap 

value and 95% nt identity (Fig 5).  

 

 

Fig-5: Phylogenetic tree was generated using neighbor joining method, 

showing the relationship of present fungal pathogenic isolates from bottle gourd 

(C. gleosporioides and F. pallidoroceum) with some other pathogenic C. 

gleosporioides and Fusarium sp. published in genbank. 
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Discussion  

Fresh Fruits are rich and easy source of different types of minerals, 

vitamins and other essential nutritional components. Fruits also contain huge 

amount of water. Because of this fruits are very much prone to fungal attack.  

Worldwide the cultivation of different types of fruits is a major challenge due to 

presence of high water content. Some of such fruits are tomato, watermelon, 

grapes, cucumber, bottle gourd etc. Two most important fruit rot pathogens 

reported all over the world are Fusarium and Colletotrichum spp. 

In India Colletotrichum capsici the casual fungus of die back/fruit rot, 

causes heavy losses (upto 60%) in chilli (Capsicum annum L.) production 

(Kaur et al. 2011). In Serbia, four different species of Colletotrichum i.e 

Colletotrichum gloeosporioides, Colletotrichum acutatum, Colletotrichum 

coccodes, and Colletotrichum dematium were reported as the causal pathogens 

responsible the occurrence of anthracnose on tomato (Zivkovic et al. 2010). In 

Brazil various fruits like mango, guava, papaya, avocado etc. were reported to 

be susceptible to anthracnose caused by Colletotrichum gloeosporioides. In 

case of subtropical crops such as apple, grape, peach etc. the disease is caused 

by C. acutatum (Peres et al. 2002). In 2009 Masayahit et al. reported the 

occurrence of anthracnose on dragon fruit in Malysia caused by Colletotrichum 

gloeosporioides. In 2008 Miles and Schilder reported that Colletotrichum 

acutatum causes anthracnose fruit rot disease in blueberries which is the most 

common and widespread disease of blueberries in the United States. They also 

reported pre-harvest fruit losses of 10 to 20 percent and post-harvest losses of 

up to 100 percent. Zhang et al. in 2014 reported the occurance of anthracnose 

disease on Trichosanthes kirilowii in China, caused by Colletotrichum 

gloeosporioides. In Serbia, Fusarium oxysporum has been reported as the most 

important species of pathogen causing fruit rot and also wilt in tomato by 

rendering root and basal stem deterioration (Ignjatov et al. 2012). Some species 

of Fusarium i.e. Fusarium semitectum, Fusarium oxysporium, Fusarium 

moniliforme (Hawa et al. 2010) and Fusarium solani (Rita et al. 2013) were 

also found to cause wilt and stem rot in dragon fruit. 

In all of the above reports the identification of the fungus were done by 

cultural characteristics of the fungus, microscopic structural properties and 

molecular identification methods. For molecular identification two universal 

conserved primers from ribosomal DNA gene i.e ITS1 and ITS4 were used. In 

some cases species-specific primers derived from ITS1 and ITS4 were also 

used. 

Bottle gourd is a major horticultural crop of sub-Himalayan West 

Bengal (also popularly known as North Bengal). In this area bottle gourd is 

predominately grown for its fruits. In the present study it is found that bottle 
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gourd fruits are very vulnerable to fungal attack causing fruit rot in both mature 

and pre-mature phases of the fruits. In the present study around 42%-59% of 

yield loss has been experienced. 

From 23 rotten fruit samples 7 different pure fungal cultures were 

obtained. Identification of the fungi on the basis of morphological 

characteristics, as well as molecular characteristics (in some cases) was 

performed. All the sixteen isolates from bottle gourd fruit rot samples were 

subjected to pathogenicity test. Among them two fungal cultures were able to 

render re-occurrence of the fruit disease symptoms successfully. Thus, from 

this result it is evident that isolate F/A/1 and F/A/2 causing fruit rot disease in 

bottle gourd in the present study area (Sub-Himalayan West Bengal) is being 

caused either by a particular species of Colletotrichum (C. gloeosporioides) or 

by a particular species of Fusarium (F. pallidoroceum) or by both 

synergistically. As there is no report of the above mentioned two fungi as 

pathogen of Lagenaria siceraria, hence, it is also a new host report of the two 

fungi such as C. gloeosporioides and F. pallidoroceum. 
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