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PREFACE

The history of agriculture began thousands of years ago with the civilization
of the Indus Valley. In 2016, agriculture and allied sectors like horticulture,
forestry, animal husbandry, and fisheries together accounted for 15.4% of
the country's gross domestic product (GDP). In 2018, 50% of the Indian
workforce was employed in agriculture which contributed 17-18% to the
GDP. India ranks first in highest net cropped area followed by the United
States and China.

Large quantity of food crops and vegetables are destroyed annually
due to fungal pathogens. Impact of such severe economical losses is also
related to global poverty. According to statistics, the world harvest figures
suggest that fungal diseases cause huge yield losses in the five most
important crops; wheat, rice, maize, soybean and potatoes. If such losses
were diminished, those crops would have been enough to feed at least 8.5%
of the seven billion populations. Moreover, in a hypothetical incidence where
these five crops were affected concomitantly, around 61% of the world’s
population would suffer a food shortage. Therefore, proper attention to
control fungal diseases in different countries, specifically in developing

countries needs to be given priority.

As fungal diseases are a major threat to crop production, the
application of fungicides to control fungal diseases is often considered
necessary to secure the worldwide food supply. Furthermore, deliberate use
of fungicides change the soil conditions and give rise to invasive fungal
species. Most importantly it helps in development of fungicide resistance.
The excessive use of fungicides causes health hazards to all the living
creatures inhabiting both land and water, as it can enter aquatic ecosystems
via drift, drainage and surface runoff from agricultural use. Despite the
various risks in living systems and the environment due to excessive use of
fungicides, the effects of fungicides have received far less attention. Under

these circumstances, there is a need for constant search for new
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environmental friendly fungicides, effective measures to prevent fungicide
resistance, and more importantly novel treatment strategies by utilizing
plant’s own defense mechanisms through understanding plant-pathogen

interactions.

Pointed gourd (Trichosanthes dioica) is one of the most consumed
vegetable in the Asian tropical countries. It is mainly cultivated in India,
Bangladesh, Pakistan, Myanmar, Nepal and Sri Lanka. In India, a total of
2,52,000 metric tons of pointed gourd was harvested from 18,000 hectares
of land during 2016-2017. Different parts of the plant are used in a number
of Ayurvedic preparations by the folk practitioners. Several fungal diseases
have been reported to cause considerable damage to pointed gourd
production in India. These include downy mildew caused by
Pseudoperonospora cubensis, fruit rot by Pythium aphanidermatum and P.
cucurbitacearum, sclerotinia stem rot by Sclerotinia sclerotiorum, fruit and

vine rot by Phytophthora melonis, anthracnose by Colletotrichum capsici etc.

Increasing fungal attacks necessitated the use of different types of
fungicides. The compulsion of alternative environment-friendly control
methods are being understood by the researchers and policy makers. For
this, proper understanding of the complex defense mechanisms of plants,
their interaction with applied defense inducing molecules and the invading
fungal pathogens are necessary in order to increase the efficiency and

realize the true potential of sustainable disease control methods.
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Fig. 1.1:

LIST OF FIGURES

Cultivated pointed gourd plants in farmer’s field in different
places of Northern West Bengal: A. Kharibari, Siliguri
subdivision of Darjeeling District. B. Islampur, Uttar Dinajpur
District. C. Dhupguri, Jalpaiguri district. D. Guabari, Siliguri
subdivision of Darjeeling District. E. Alipurduar, Alipurduar
district. and F. Tambari, Siliguri subdivision of Darjeeling

District.

Fig. 3.1: (A) Map of West Bengal. (B) Districts of northern part of West

Fig. 3.2:

Bengal (The present study area) where pointed gourd is grown as
an important vegetable crop.

Map of regions of collection of infected plant samples from
different districts of North Bengal: (A) Kharibari, Siliguri
subdivision of Darjeeling District. (B) Falakata, Alipurduar
District. (C) Birpara, Alipurduar District. (D) Islampur, Uttar
Dinajpur District. (E) Phansidewa, Siliguri subdivision of
Darjeeling district and (F) Guabari, Siliguri subdivision of

Darjeeling district. The red pins showing the collection spots

Fig. 3.3: Map of regions of collection of infected plant samples from different

districts of North Bengal: (A) Phansidewa, Siliguri subdivision of
Darjeeling District. (B) Kranti, Jalpaiguri District. (C) Dhupguri,
Jalpaiguri District. (D) Dinhata, Coochbehar District. (E)
Salkavita, Darjeeling District and (F) Islampur, Uttar Dinajpur

District. The red pins showing the collection spots.

Fig. 4.1: Map of northern West Bengal and (1-13) regions of collection of

infected plant samples from different districts of North Bengal.

Fig. 4.2: Naturally infected pointed gourd leaves and fruit samples: (A)

Collected from Kharibari; (B) Collected from Dhupguri; (C)
Collected from Ishlampur; (D) Collected from Birpara; (E)
Collected from Dhupguri and (F) Collected from Phansidewa.
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Fig. 4.3: Naturally infected pointed gourd leaves and fruit samples:(A)
Collected from Ishlampur; (B) Collected from Phansidewa; (C)
Collected from Salkavita; (D) Collected from Dinhata; (E)
Collected from Guabari and (F) Collected from Kranti.

Fig. 4.4: Whole plant inoculation and disease assessment: A & B: Control
plants of Swarna aloukik variety of T. dioica. C & D: Swarna
aloukik variety plants after 6 days of C. Whole plant inoculated
with fungi D. Plant after 3 days of inoculation by Fusarium
equiseti.

Fig. 4.5: Detached leaf inoculation and disease assessment: A & B. Control
leaves C. Leaves just after inoculation; D. Leaves after 4 days of
inoculation.

Fig. 4.6: Fruit inoculation: Control fruits at the time of experimental setting;
B. Control fruits after 3 days of experimental setting. C. Fruits
just after inoculation; D. Fruits after 3 days of inoculation.

Fig. 4.7: Pure culture of the pathogenic isolates in PDA plates after 7days of
incubation. (A) Curvularia spicifera (B) Fusarium equiseti (C)
Ascochyta medicaginicola (D) Periconia macrospinosa (E)
Fusarium oxysporum (F) Colletotrichum orbiculare (G) Curvularia
verruciformis (H) Curvularia aeria (I) Curvularia lunata (J)
Alternaria alternata (K) Alternaria destruens (L) Alternaria
tenuissima (M) Fusarium equiseti.

Fig. 4.8: Spores of different fungal isolates under light microscope (40X) (A)
Curvularia spicifera (B) Fusarium equiseti (C) Ascochyta
medicaginicola (D) Periconia macrospinosa (E) Fusarium
oxysporum (F)  Colletotrichum orbiculare (G) Curvularia
verruciformis (H) Curvularia aeria (I) Curvularia lunata (J)
Alternaria alternata (K) Alternaria destruens (L) Alternaria
tenuissima (M) Fusarium equiseti.

Fig. 4.9: A. Total DNA isolated from fungal samples on 1% agarose gel
under UV-transilluminator. B-D. Amplified PCR products of
three specific genes (ITS region, 28S rRNA region of large subunit

and Actin gene) from fungal isolates on 1% agarose gel under
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UV-transilluminator: B. Amplified with ITS1/ITS4; C. Amplified
with NL1/NL4; and D. Amplified with Actl/Act2.

Fig-4.10: Nucleotide sequence identity matrix of Curvularia aeria, Curvularia

Fig. 4.11:

lunata, Curvularia spicifera and Curvularia verruciformis of the
present study and other Curvularia species following 18s rRNA
sequence analysis. Identity percentages are indicated on the
right side corner of the matrix.

Phylogenetic tree generated by neighbour joining of different
Curvularia 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 of the

fungi have been indicated at the end of each branch.

Fig-4.12: Nucleotide sequence identity matrix of Fusarium equiseti and

Fig. 4.13:

Fusarium oxysporum 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.

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 of the

fungi have been indicated at the end of each branch

Fig-4.14: Nucleotide sequence identity matrix of Ascochyta medicaginicola of

Fig. 4.15:

the present study and other Ascochyta species following 18s
rRNA sequence analysis. Identity percentages are indicated on
the right side corner of the matrix.

Phylogenetic tree generated by neighbour joining of different
Ascochyta 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 of the

fungi have been indicated at the end of each branch.

Fig-4.16: Nucleotide sequence identity matrix of Periconia macrospinosa of

the present study and other Periconia species following 18s rRNA
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Fig. 4.17:

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

Phylogenetic tree generated by neighbour joining of different
Periconia 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 of the

fungi have been indicated at the end of each branch.

Fig-4.18: Nucleotide sequence identity matrix of Colletotrichum orbiculare of

Fig.

Fig.

Fig.

Fig.

Fig.

4.19:

4.20:

4.21:

4.22:

4.23:

the present study and other Colletotrichum species following 18s
rRNA sequence analysis. Identity percentages are indicated on
the right side corner of the matrix.

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 of the
fungi have been indicated at the end of each branch.

Nucleotide sequence identity matrix of Alternaria alternata,
Alternaria destruens, Alternaria tenuissima of the present study
and other Alternaria species following 18s rRNA sequence
analysis. Identity percentages are indicated on the right side
corner of the matrix.

Phylogenetic tree generated by neighbour joining of different
Alternaria 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 of the
fungi have been indicated at the end of each branch.
Phylogenetic relationship of present isolated PGRGA with the
other RGA sequences of some plants of cucurbitaceae publish in
the GenBank using the neighbor joining method. Numbers at the
nodes indicate the bootstrap percentage scores out of 1000
replicates
Sequence identity matrix of isolated PGRGA with other CC-NBS

gene sequences of some plants of cucurbitaceae. Identity
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4.24:

4.25:

4.26:

4.27:

4.28:

4.29:

4.30:

percentage corresponding to the color matrix is indicated in the
right-hand side of the figure.

Sequence identity matrix of isolated PAL gens with other PAL
gene sequences published in the GenBank. Identity percentage
corresponding to the color matrix is indicated in the right-hand
side of the figure.

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

Sequence identity matrix of isolated Peroxidase (POD) gene with
other POD gene sequences published in the GenBank. Identity
percentage corresponding to the color matrix is indicated in the
right-hand side of the figure.

Phylogenetic relationship of present isolated Peroxidase (POD)
gene with the other POD gene sequences published in the
GenBank using the neighbor joining method. Numbers at the
nodes indicate the bootstrap percentage scores out of 1000
replicates

Sequence identity matrix of isolated Polyphenol oxidase (PPO)
gene with other PPO gene sequences published in the GenBank.
Identity percentage corresponding to the color matrix is indicated
in the right-hand side of the figure.

Phylogenetic relationship of present isolated Polyphenol oxidase
(PPO) gene with the other PPO gene sequences published in the
GenBank using the neighbor joining method. Numbers at the
nodes indicate the bootstrap percentage scores out of 1000
replicates

Sequence identity matrix of isolated Glucanase gene with other
Glucanase gene sequences published in the GenBank. Identity
percentage corresponding to the color matrix is indicated in the

right-hand side of the figure.
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