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MESSAGE

I am glad to know that Central Horticulture Experiment Station,
Bhubaneswar and the Society for Promotion of Horticulture, Bengaluru
are organizing a National Seminar-cum-Workshop on ‘Strategies for
Improvement, Enhancing Productivity and Utilization of Cucurbits’ on
August 8-10, 2014. A souvenir is being brought out on the occasion.

Cucurbits are largely grown or wild gathered and sold in the market
by small and marginal farmers of Odisha. Odisha harbours a rich diversity
like spine gourd, melothria, coccinia, bitter gourd, sweet gourd etc and
has ideal climate to cultivate these cucurbits. Hence promotion of these
holds key to ensuring livelihood security to the tribal’s and others in
remote rural areas. The seminar, I hope, will chart out a concrete blueprint
on the future course of action.

I wish the endeavor all success.

(S. C.  JAMIR)

Dr. S. C. JAMIR
Governor, Odisha

RAJBHAVAN
BHUBANESWAR-751008
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MESSAGE

I am happy to know that a three days’ National seminar cum
workshop on “Strategies for Improvement, enhancing productivity and
utilisation of cucurbits” is being organized by Central Horticultural
Experiment Mission, Bhubaneswar on 8th, 9th and 10th August, 2014.

The National seminar on “Strategies for Improvement, enhancing
productivity and utilisation of cucurbits”, I hope, would be an eye-opener
in enhancing productivity and utilisation of cucurbits and formulating
future strategies in the related sphere especially in the context of our
state.

I wish the seminar cum workshop all success.
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MESSAGE

I am happy to know that Central Horticultural Experiment Station, Bhubaneswar
of the Indian Institute of Horticultural Research, Bengaluru is organizing a National
Seminar cum Workshop on “Strategies for improvement, enhancing productivity
and utilization of cucurbits” jointly with Society for Promotion of Horticulture,
Bengaluru at Bhubaneswar on 8-10 August, 2014. With tremendous genetic diversity
in the family Cucurbitaceae, the Indian subcontinent offers a great opportunity to the
scientific community to explore and exploit their potential to increase the food basket of
the country. The range of adaptation for cucurbit species includes tropical and sub-
tropical regions, arid deserts, and temperate locations. Despite the important role of
these indigenous cucurbits in the livelihood of local communities, few efforts have been
made to identify the constraints and strategies to improve these crops.

I hope the delegates would deliberate upon the strategies for improving
productivity, utilization and expansion of cucurbitaceous vegetables in India and come
out with concreate recommendations to facilitate productivity enhancement of cucurbits
in the country.

I wish the Seminar, a great success.

Dated the 22nd July, 2014
New Delhi
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MESSAGE

I am extremely happy to know that Central Horticultural Experiment Station,
Bhubaneswar and the Society for Promotion of Horticulture, Bengaluru are organizing
a National Seminar-cum-Workshop on “Strategies for improvement, enhancing
productivity and utilization of cucurbits” from 8-10 August, 2014 and bringing
out a Souvenir on the occasion. The Horticultural activities of the State have come to
the limelight with the implementation of National Horticulture Mission, Rashtriya Krishi
Vikas Yojana and other programmes. Significant strides have been made in the expansion
of area under fruits and vegetables.

Vegetable cultivation has the unique advantage of higher income per unit area.
With increasing scarcity of labourers, cucurbits cultivation combined with trellising,
mulching, drip irrigation and fertigation hold immense potential and promise for future
vegetable enterprise in Odisha. I hope this congregation of experts on cucurbits in
Bhubaneswar will propose future course of action for promotion of cultivation of cucurbits
in India.

I wish the National Seminar a grand success.
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MESSAGE

I am happy to know that the Central Horticultural Experiment Station, Aiginia,
Bhubaneswar, Odisha is going to organize a National Seminar-cum-Workshop on
“Strategies for improvement, enhancing productivity and utilization of cucurbits” during
8th-10th August, 2014 and to mark the occasion a Souvenir is going to be published. It is a
wellknown fact that India is endowed with a rich potential for genetic resources of cultivated
as well as wild cucurbits. Though we have made substantial progress in the development
of improved varieties in cucurbitaceous vegetables, more research and development is
essential to explore the potential of cucurbits for pharmaceutical and nutraceutical
industries. Sustainable and ecofriendly agricultural practices have attained immense
significance as a tool for climate change adaptation. It is disheartening to note that the old
World cucurbits like pointed gourd, ivy gourd, bitter gourd, sweet gourd, spine gourd, ash
gourd, ridge gourd, native melons etc. cultivated in India and several South-East Asian
countries have not yet been studied thoroughly due to various constraints despite their
huge potential for commercial exploitation. There is an urgent need to organize the Indian
research efforts and channelizing them towards improving productivity, utilization and
expansion of cucurbits in India. I am sure during the three days deliberations scientists
from SAUs and ICAR institutes will be able to come out with valid recommendations and
formulate future strategies to improve productivity, utilization and expansion of cucurbits
in new areas.

I wish the symposium and the publication a grand success.



9



10

MESSAGE
I am happy to learn that Central Horticultural Experiment Station, Bhubaneswar the regional

Station of Indian Institute of Horticultural Research, Bengaluru is organizing the National Seminar
cum Workshop on “Strategies for improvement, enhancing productivity and utilization of
cucurbits” jointly with Society for Promotion of Horticulture, Bengaluru at Bhubaneswar during
8-10 August, 2014. It is high time that the age old cucurbitaceous vegetables get their righteous
due importance. The cucurbits have huge potential to significantly increase the income of the
small and marginal farmers who still lack the proper scientific knowledge of optimum cultivation
practices of cucurbits. Identification of trait specific accessions and trait specific pollen donors
from the Indian cucurbit genetic pool for introgression of genes for enhancing biotic and abiotic
stress resistance and other qualitative traits. Success of inter-specific hybridization involving
wild germplasm with desirable traits have opened new avenues. Genomic studies are improving
our understanding of complex characters as well as providing the basis for effective breeding
strategies. The successful implementation of these studies to cucurbits will have an impact on
their wider utilization. Traditionally, most of the breeding work is directed towards improving
productivity. However, the breeding programs should now shift towards development of biotic
and abiotic resistant varieties/hybrids coupled with quality attributes on sustainable basis. I
hope this National Seminar cum Workshop on cucurbits being organized at Central Horticultural
Experiment Station, Bhubaneswar will bring out the strategies for further improvement, utilization
and expansion of cucurbits.

I congratulate the organizers for this timely initiative and wish the Seminar cum Workshop
a grand success.

(T. MANJUNATHA RAO)

DR. T. MANJUNATHA RAO
DIRECTOR (Acting)

Dated : 4th August, 2014
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MESSAGE

It is heartening to know that Central Horticultural Experiment Station,
Bhubaneswar and the Society for Promotion of Horticulture, Bengaluru are organizing
a National Seminar cum Workshop on “Strategies for improvement, enhancing
productivity and utilization of cucurbits” from 8-10 August, 2014. Though cucurbits
are being cultivated since the dawn of civilization most of the cucurbits are still lack
proper cultivation packages. In Odisha large number of indigenous cucurbits are grown
and these crops require strong research support for better production and utilization. I
hope this seminar will provide a platform for the scientists, development agencies and
the growers from all over the nation to discuss various research and development issues
for resolving major production constraints.

I have learned that delegates from across the country shall be participating and
presenting their perspectives to develop new technologies during the deliberations. I
am sure the seminar will pave a way for increased production of quality cucurbits in our
country.

I wish the seminar a grand success.

(T.Janakiram)
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MESSAGE

I am delighted that the Central Horticultural Experiment Station, Bhubaneswar

and the Society for Promotion of Horticulture, Bengaluru are organizing a National

Seminar-cum-Workshop on “Strategies for improvement, enhancing productivity

and utilization of cucurbits” from 8 -10 August,2014.

Many cucurbits are good sources of carbohydrates, beta carotene, vitamin C

and minerals; bitter gourd has been used for diabetes, sweet gourd seeds are cure for

arthritis and asthma in traditional Indian medicine. I hope this seminar would further

explore the potential nutraceutical and pharmaceutical properties of Indian cucurbits.

I with the seminar a grand success.
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MESSAGE

I am pleased to know that Central Horticultural Experiment Station, Bhubaneswar
and the Society for Promotion of Horticulture, Bengaluru are organizing a National
Seminar cum Workshop on “Strategies for improvement, enhancing productivity
and utilization of cucurbits” from 8-10 August, 2014 at Bhubaneswar and coming
out with a Souvenir on the occasion. The Horticultural activities have gained momentum
in the State due to implementation of National Horticulture Mission, Rastriya Krishi
Vikas Yojana and other programmes. Some notable achievement have been made during
last few years. Protected cultivation of various Horticultural crops especially rose, gerbera
and vegetables is gaining popularity. Attention needs to be paid for post harvest
management of the produces to ensure better remuneration to the farmers. Among the
vegetables cucurbits play a major role in the State of Odisha. Government have
popularized single line trellies system for small cucurbits and introduced hybrid seeds in
Government system. I extend my best wishes for the workshop and hope for a meaningful
recommendation for the development of cucurbits in the country.

I wish the workshop a grand success.
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Introduction

Wild species have played significant role crop evolution and in addressing the
challenges of biotic and abiotic stresses. Of late, wild relatives have also been

useful in improvement of quality in terms of nutrient content. Historically, ~56% of
wild relatives used are associated with biotic stress, 13% with abiotic stress, 10%
with enhancing yield, 11% with quality improvement and 4% with male sterility and
fertility restorations (Maxted and Kell 2009).

With the advent of assisted hybridization with in a species, breeders have
been able in introgression of desired characters in to the cultivated varieties. Further,
success of distant hybridization between individuals of different species or genera
provides additional way to combine diverged genomes to create genotypes with
characters hitherto unknown in the particular species. Distant hybridization also offers
an opportunity to improve existing cultivars by incorporating specific traits, such as
pest and stress resistance, from their wild relatives through different breeding
methods. The interest in distant hybrids has grown with the discovery of related
wild species of plants possessing valuable distinguishing traits like resistance to
biotic & abiotic stress, nutritional quality etc. First inter specific hybrid between
Nicotiana rustica and Nicotiana  paniculata was successful during second half of the
eighteenth century.  Thereafter, several attempts have been made with an objective
to broaden the genetic base of the cultivated species, and to introduce abiotic and
biotic stress resistance from the wild relatives to their cultivated counterparts. As a
result large number of interspecific/generic hybrids has been developed.
Economically, it has been difficult to quantify the value of the wild relatives in
agriculture. However, available reports indicate significant economic gains. The
estimates on economic value of gene introgressions from wild relatives indicate its
worth to the tune of US$115 billion per year (Pimentel et al. 1997) while the value of
products derived from the exploitation of plant genetic resources stands at US$500-
800 billion per year (Kate and Laird 1999).
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4 Challenges in distant hybridization

Challenges in distant hybridization are governed by the nature and the plant
species. The difficulty in production of distant hybrids varies from failure of
fertilization to no fruit set to high fruit set with or without seeds. The barriers to
wide hybridization can be broadly divided as the barriers that operate before
fertilization and after fertilization. The pre-fertilization barriers might be due to
failure of pollen germination, slow, short and poor pollen tube growth, or failure of
pollen tube penetration of the ovule, the release of gametes for fertilization. Post-
fertilization barriers arise from embryonic breakdown, failure of zygotic
development, abnormal fertilization, faulty endosperm development, inhibition of
embryo development, male and/or female sterility in the hybrid progeny, and
lethality in the hybrid progeny. The nature of fertilization barriers vary from species
to species. In the genus Momordica, the failure of the cross between M. charantia
and M. dioica were attributed to poor pollen germination and inhibition of growth of
pollen tubes in the upper part of the style before reaching the embryo sac. Obstruction
in transfer of male gametes and fertilization could be due to abnormal behaviour of
pollen tubes and heavy deposition of callose at the tip of the pollen tube. However,
in most of the cases, post-fertilization barriers operate between species and this
situation is very common in certain vegetables like tomato, okra, brinjal, beans,
cucumber etc.

Achieving success through distant hybridization requires knowledge on the
mechanisms crossability behavior, fertilization barriers, breaking hybridization
barriers, methods to restore the fertility, inheritance pattern etc. Distant
hybridization, however, brings more practical results in crosses between genetically
closer species rather than hybridization between taxonomically distant species. Many
a times, it is accompanied by considerable difficulties like chromosomal, genetic,
cytoplasmic, or mechanical isolation barriers. Under these circumstances,
considerable efforts are required to make successful distant crosses and obtain an
inter-specific hybrid, between cultivated and wild species, bearing desirable gene
of interest. Traditional and modern both the approaches like application of growth
regulators, use of mentor pollen, pollen irradiation, early pollination, bud pollination,
repeated (double/triple etc.) pollination, use of bridge species, back crossing,
doubling of chromosome, fusion of protoplasts, embryo rescue may be attempted
to overcome the barriers to distant hybridization.

In general, the pre-fertilization barriers between cultivated species and their
wild relatives can be overcome by means of bud pollination and using wild species
as the female parent. Application of mentor pollen in the cross Cucumis metuliferous
× C. africanus; early stage pollination in the cross S. subtelius × S. caldesi and cutting
of style in the cross S. pinnatisectum × S. bulbocastanum hybrid are some of the
effective strategies that yielded seeds in the hybrid. Backcrossing has been
successfully used to restore the female fertility of the F1 hybrid developed between



5M. dioica and M. subangulata subsp. renigera. Researchers have developed effective
in vitro culture techniques to rescue hybrid embryos that would otherwise degenerate
during the early stages of their development in distant hybridizations. In vegetable
crops, numerous novel F

1
 hybrids have been produced by using various embryo rescue

techniques like ovary culture, ovule culture and placenta culture. In some other
approaches, a species compatible with both the species (bridge species) has been
utilized to make successful interspecific hybridization between two incompatible
species. For example, Solanum pinnatisectum was used as bridge species between
S. tuberosum and S. bulbocastanum to introduce the genes of the later into the
former species.

The disparity in respect of number of chromosomes between prospective
species can be overcome by measures like doubling the chromosome number. Such
induced polyploidy measures have facilitated gene transfer between some related
species when crossed at different ploidy levels. After doubling of the chromosome
numbers many wild species of potato have been successfully hybridized with S.
tuberosum. Successful construction of an allopolyploid/amphidiploid results in the
creation of a new genome combination, or the production of a species that, as such,
did not exist previously. In the family Cucurbitaceae, Cucumis hytivus has been
derived between C. hystrix and C. sativus. These amphidiploid lines derived from
hybrids between cultivated crops and their wild relatives have also been used to
create genetic stocks in breeding programs, and as bridging materials for the transfer
of desirable traits from more wild species into cultivated ones.

The prospect of creating such interesting and useful genotypes attracts
breeders and much attention has been paid to this approach recently. Though lot of
information has been generated and the same is available in the public domain, for
convenience, achievements of wide hybridization in vegetable crops with special
reference to cucurbits has been discussed here.

Application of distant hybridization in vegetable crops

There has been extensive use of wild relatives in vegetable breeding
programs across the world. While crops like okra and tomato could be referred to
outstanding example of the use of wild relatives for genetic improvement, satisfactory
beginning and success in other vegetables on distant hybridization has also been
made at several places. Despite huge potential as  source of valuable genes, the
optimal use of wild relatives in vegetable breeding remains limited because of several
reasons like interspecies breeding barriers and the long time required to make an
optimal use of wild species. In addition, this process involves inter-specific
hybridization followed by lengthy process of sequential backcrosses with cultivated
species and the effects of linkage drag where the trait of interest exhibits
simultaneous linkage with traits with negative impact. However, prospects for utilizing
wild relatives are now bright, as it’s now possible to expedite the process of
introgression faster with biotechnological interventions such as embryo rescue,



6 molecular breeding and genomics. Application of modern breeding tools such as
SNP markers, molecular maps and genomics enable quick, accurate and efficient
exploitation of wild relatives.

Cucurbits

Most of the present day resistant varieties in cucurbits have been developed
by simple selection and utilization of wild species for introgression of genes has
been rare. Though many sources of pest resistance have been identified, only few
have been deployed in commercial cultivars. With the advent of new pathogen races
and increasing virus disease menace, wild species of cucurbits have been considered
as potential candidate crops for gene exchange with the cultivated species. Though
extensive research on distant hybridization in the family Cucurbitaceae has been
carried out by many workers, but hybrids with commercial significance have been
obtained in few genera like Cucumis, Cucurbita, Momordica etc. Moreover, most of
the interspecific hybridization studies in genus like Luffa have been directed towards
revealing phylogenetic relationship, rather than developing hybrids.

Cucumis

Muskmelon (C. melo) and cucumber (C. sativus) are the two most important
species of the genus Cucumis cultivated worldwide. Many wild species under the
genus Cucumis are known to be resistant to biotic and abiotic stresses (Kirkbride,
1993; Leppick, 1966; Lower and Edwards, 1986) but due to the limitation of mutual
cross compatibility, their utilization in distant hybridization has been limited.
Attempts made to produce fertile F1 progeny from crosses of Cucumis metuliferus
with Cucumis melo and Cucumis sativus in order to transfer several pest resistance
traits to melon and cucumber were largely unsuccessful. However, various approaches
like back cross, embryo rescue, colchicines induced polyploidy have been used to
overcome the fertilization barriers in interspecies hybrids, with some success. C.
sativus var. hardwickii, botanically a close relative of cultivated cucumber, possesses
desirable traits like multiple lateral branching, sequential fruiting and resistance to
Cucumber Mosaic Virus. As C. sativus var. hardwickii is cross compatible with the
cultivated cucumber (C. sativus), these traits can easily be transferred through
backcrossing. C. hystrix (2n=24) which is resistant to root knot nematode, downy
mildew, gummy stem blight, Fusarium wilt and tolerant to low lights and
temperature, was used to develop a successful interspecific F1 hybrid with C. sativus
(2n=14) through embryo rescue of F1 hybrid and the later fertility restoration through
chromosome doubling (Chen et al. 2002). The resultant amphidiploid was described
as a new species (Cucumis × hytivus J.F. Chen and J. H. Kirkbr., 2n=38). This offered the
possibility to introduce the desirable characters such as nematode resistance,
tolerance to high temperature and low light intensity from C. hystrix to cultivated C.
sativus.

Introgression lines are useful for breeding purposes as the favorable exotic
alleles can comparatively easily and rapidly be isolated and transferred into the elite



7varieties but otherwise lacking in desired traits. Genetically stable C. sativus-hystrix
introgression lines resistant to powdery mildew have been reported and these lines
could possibly be used as bridging lines for transferring desirable traits from C. hystrix
to C. sativus.

Cucurbita

The genus Cucurbita native to Americas comprises of five cultivated species
and >20 wild species. Several attempts have been made to produce interspecific
hybrids among cultivated and non-cultivated species. Although all the species of
Cucurbita have 2n=40, the exchange of genes is difficult due to sterility barriers.
However, Cucurbita okeechobeensis ssp. martinezii was successfully used in crosses
with Cucurbita maxima and Cucurbita pepo to transfer powdery mildew resistance
to these two species. C. moschata is resistant to squash bug and squash vine borer,
while C. maxima is susceptible and therefore, would benefit from genes of C.
moschata. F irst generation F

1
 hybrids between these two species have been

developed which combined desired trait for good quality pulp of C. maxima and
insect resistance of C. moschata (Pearson et al. 1951). However, destabilization of
desirable character combinations due to sterility needs to be tackled in further
research. Powdery mildew resistant genes of C. lundelliana have been transferred to
C. maxima and C. pepo. In addition, C. lundelliana can serve as a bridge species to
transfer genes between species that are difficult to cross. At Cornell University, C.
moschata was used as bridge species to transfer disease resistance genes from C.
martinezii to C. pepo (Vaulx and Pitrat 1979). Bush cultivars of C. moschata have been
developed from crosses with C. pepo. Amphidiploids have also been developed to
overcome the problem of sterility in crosses like C. maxima × C. moschata and C.
foetidissima × C. moschata.

Momordica

The genus Momordica comprises 59 species distributed in the warm tropics,
mainly in Africa and in South East Asia. The wild species of Momordica offer great
resource for improvement of cultivated bitter gourd for desirable traits pertaining to
quality, biotic and abiotic stresses. Most of the interspecific hybridization efforts in
the genus Momordica could not sustain beyond F1 hybrid due to high sterility.
However, extensive efforts made at Central Horticultural Experiment Station,
Bhubaneswar led to a fertile back cross progeny between M. dioica and M.
subangulata subsp. renigera which may be used as a fertile bridge for crosses to
either parent to maximize the recovery of the elite traits (Bharathi et al. 2014a). This
study clearly indicated that the interspecific hybrids can be produced with
introgression of genes for quality from spine gourd (M. dioica) and for adventitious
root structure and long cropping period from teasel gourd (M. subangulata subsp.
renigera). Also, a new synthetic species (M. × suboica Bharathi, 2n=56) could be
developed by manipulation of ploidy level between the species of different ploidy
by crossing natural tetraploid (M. subangulata subsp. renigera) and induced tetraploid



8 (M. dioica). The hybrid which is naturally fertile, combined the superior traits of both
parents like production of adventitious root tubers, natural pollination, and high
culinary quality, making it a good choice as a new vegetable crop in traditional spine
gourd and teasel gourd growing areas of India and south east Asia (Bharathi et al.
2014b).

Citrullus

The genus Citrullus is represented by three species C. lanatus, the cultivated
water melon, C. lanatus var. citroides, cultivated as fodder watermelon and C.
colocynthis, a medicinal cucurbit. These species are freely crossable with high bivalent
frequency. A naturally occurring interspecific hybrid between these two species has
also been reported (Singh 1978). Interspecific hybrid between these two species
would improve C. colocynthis with larger and higher number of seeds.

Luffa

The genus Luffa consists of seven species, four well differentiated species
of the Old-world tropics and three species of the Neotropics. The genus includes a
commercial vegetable crop L. acutangula and a crop of industrial potential L. cylindrica.
A number of interspecific hybridizations have been done among the species of old
world species. Though both way crosses between these two species are successful,
the hybrids are highly sterile (Dutt and Roy 1971) and most of the interspecific studies
conducted to study the evolutionary history and drive phylogenetic relationship.
The fertility can however, be restored through back crossing. Amphidiploid produced
between L. acutangula and L. graveolens through colchicine treatment was sterile.
Interspecific hybrids have also been attempted between the species of the Old and
New-world. Singh (1991) obtained a fertile inter-specific hybrid has been obtained
between L. operculata (New-world species) and L. hermaphrodita (Old World species).

Other vegetables

Distant hybridization has also been widely used in vegetable crops like potato,
tomato and okra to develop disease resistant varieties. For improvement in okra,
Abelmoschus manihot var. tetraphyllus has been widely used for development of
varieties with yellow vein mosaic resistance. Virus resistant potato varieties were
developed by utilizing the resistance genes from Solanum tuberosum subsp. andigena
and S. stoloniferum. Most of the German potato varieties have the resistant genes
for late blight, leaf roll and potato virus Y from S. demissum. Wild species like S.
phureja and S. vernei were used as gene donor in development of varieties resistant
to bacterial wilt and nematode, respectively.

Several achievements have been made in development of tomato varieties
resistant to diseases with enhanced fruit quality. A large number of resistant genes
have been transferred from wild species to cultivated tomato for diseases like mosaic,
Fusarium wilt and root knot nematode. In 1950’s, hybrids resistant to Fusarium wilt



9were developed at University of Honolulu in Hawaii by using Lycopersicon peruvianum
as one of the parent. Hybrids resistant to different races of Cladosporium were
obtained at the experimental station of Ontario (Canada) by using L. hirsutum in
the cross. L. esculentum var. ceraciforme has been used to develop resistant varieties
against leaf mold, fruit anthracnose, leaf spot and Verticillium wilt. Resistance genes
for Fusarium wilt, bacterial wilt, spotted wilt virus, late blight, bacterial canker
from L. pimpinellifolium and against root knot nematode, Tobacco Mosaic Virus
from L. peruvianum have also been transferred to cultivated tomato varieties. L.
pimpinellifolium has been used to develop varieties with high ascorbic acid content
while L. minimum for high soluble solid content. L. hirsutum f. glabratum and L.
pimpinellifolium species are being used to develop leaf curl virus resistant varieties.
Wide hybridization has the scope to nurture the wild ideas like development of
tomato plant bearing fruit enclosed within a bladder-like calyx, as in Physalis. Such
a character has the potential to solve the problems of tomato storage and transport.

Introgression of resistance genes for downy mildew and botrytis leaf blight
from Allium roylei to A. cepa, cytoplasmic male sterility from A. galanthum to shallot
(A. cepa var. aggregatum) and bunching onion (A. fistulosum) are few successful
examples in the genus Allium.

In Brassicaceae, amphidiploids developed from the cross between
Raphanus sativus and Brassica oleracea resulted in a hybrid having roots like
cabbage and foliage like radish. Since the development of Raphanobrassica, a
number of inter-specific and inter-generic hybrids have been produced in
Brassicaceae with the aim of developing potentially more useful cultivars with
improved biotic and abiotic stress tolerance. Synthetic fertile amphidiploid lines
like ‘Hakuran’ (Brassica campestris× B. oleracea), ‘Radicole’ (Raphanus sativus× B.
oleracea), and ‘Raparadish’ (B. campestris× R. sativus) have been developed which
can be used as genetic stocks in breeding programs, and as bridging lines for the
transfer of desirable traits from wild species into cultivated ones (Kaneko and
Bang 2014). Distant hybridization has been used to transfer self-incompatible allele
from B. campestris subsp. rapifera to B. napus and used to recover male sterility in
the cross B. nigra × B. oleracea.

Future Thrusts

Information gathered on plant genetic resources, phylogenetic
relationship, hybridization barriers and their mitigation should be exploited for
use in distant hybridization for pooling agronomically important traits. Basic
researches on vegetable breeding in India has relied to a great extent on knowledge
on gene introgressions reported in literature. Therefore, there is a need to orient
national breeding programs towards exploiting these resources and to find solutions
to India-specific problems. The genetic resources should be screened and trait
specific accession or species should be identified for breeding programmes.
Homozygous lines can be obtained in a single generation using double haploid



10 technology, which may tremendously facilitate breeding programmes particularly
in the vegetables which are dioecious. Though some technologies are known to
overcome hybridization barriers, concerted efforts are further needed to advance
the generation beyond F

1
. Application of modern breeding tools such as SNP

markers, molecular maps and genomics enable quick, accurate and efficient
exploitation of wild relatives. There is a need to identify molecular markers for
tightly linked traits of importance in wild species. Identification of novel genes
associated with a trait of interest and the genotyping the progenies in a breeding
program as an aid to phenotypic selection, are other areas of consideration.
Development and utilization of genetic stocks like introgression lines would further
ease the introgression of desirable genes into commercial cultivars. Crop and trait
based research projects should be developed on a larger scale, and be carried out
more proficiently in collaboration of cytologists, embryologists, molecular
biologists, biochemists and physiologists for substantial achievements and desired
progress.
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12 An Ethnobotanist’s reflections on one of the
world’s most important food crop families:

the Cucurbitaceae
By Joseph Simcox, “The Botanical Explorer” “Look around you and discover; nature’s works are at

hand and we have been remiss to notice” -Joseph SimcoxMy own passion for Cucurbits started somewhere before my 5th year, by the timeI was 7 I was so excited about them that I asked my parents to give me squashfor my birthday.  Now some 43 years later I am still“crazy” about squash and all their kin.  As a World Food Plant Ecologist—one who is a true generalist,  it is indeed difficult to claim that I have afavorite plant family, however, if I was held at gunpoint and forced to answer I wouldhave to concede that my favorite group is indeed the Cucurbits!  In the years since myfirst introductions to squash in the gardens of my grandparents and elderly neighbors,I have been blessed to travel around the world dozens of times studying the verysame things that fascinated me as a child.Fortunately for me and for the sake of biodiversity, the world is a very bigplace with lots of things to discover.  For a plant eater and plant hunter it is amazingthat after all these years of studying that there are still “new” Cucurbits to “discover”.Recently while on a trip to Central America, I was introduced to two extremelyimpressive Cucurbit species that up till then I was oblivious to.  One of them,
Cionosicyos macranthus, is so obscure that the natives themselves have endowed itwith a rather ridiculous “foreign” common name.  They call it the “ChinesePassionfruit” insinuating that it came from China when in fact it is an endemic of theregion! First learning about the existence of this fruit in a book, my brother and Iworked on sleuthing out its whereabouts.  We asked dozens of people and then finallywe found someone who knew what we were talking about.  When they finally tookus to a bearing plant I was amazed to find how productive the vine was— as many asa couple of hundred fruits hung from one plant that had climbed over a reasonable talltree in it’s search for the sun.  The fruits of Cionosicyos are gorgeous, a shiny yellowporcelain exterior, that when cut reveals a deep orange-pink flesh that includes acenter with seeds floating in the “liquid like pulp”Both the flesh and the “liquid pulp” are delicious.  The natives of CentralAmerica who know of the fruit value it highly, they make a drink out of it that is



13variously referred to as a “liquado” … a generic name for fruit drinks that are made inblending machines, sometimes with the addition of milk and sugar to enhance theflavor.  The flavor of the Cionosicyos fruit is very akin to that of a very tasty papaya.My brother Patrick Simcox, who is also a Botanical Explorer, said that it was one ofthe most delicious fruits that he had ever tasted.  Having impressed us so, the questionwe posed is: “Why is this fruit not being globally cultivated in the tropics?”     The second amazing cucurbit species that we “discovered” in CentralAmerica grows as an endemic in Costa Rica it is known as “Tacaco”.Tacaco or Sechium tacaco is almost unknown outside of Costa Rica, withinthe country it is well known, however as diets “modernize” to include more and moreprocessed foods the traditional appreciation for this vegetable seems to be dwindling.My brother and I found untended Tacaco vines growing in profusion on a countryroad not far from the northern border of Panama.  The country folk were basicallyamused that two “Gringos” were so interested in something that they themselveshad come to overlook.  The vines that we had discovered were loaded with small 4-6 centimeter long fruits.  While young and tender (before the skin hardens and theybecome fibrous) these Tacacos are one of the most exquisite of vegetables.  Weharvested several bags of them for our own trials and we were amazed by the edibilityof the tender boiled fruits.  The taste can vaguely be likened to a summer squash withthe qualification that it also tasted “nutty” or even avocado-like.  A few scientificpapers suggest that it is much more nutritious than it’s close relative the Chayote,
Sechium edule.     To our knowledge neither of these extraordinary fruits are being cultivatedcommercially even in the countries where they are known. It is further proof thatpromising food plants can easily be lost; if traditions and cultures change.  The dilemmais not limited to any particular region but seems to pandemic in occurrence. A world away in East Africa I was astounded to find that very few peoplewere still cultivating The Eastern African Pumpkin, Telfairia pedata.  In October2010 I had traveled to East Africa specifically to track down amazing yet underutilizedfruits and vegetables, among them, was Telfairia pedata.   I had known of the existence of this amazing plant for many years and wasindeed anxious to track it down, the day came when I arrived in Fort Portal. My friendChris Kaija, of Tooro Botanical Gardens, showed me my first fruit, it was an enormoushanging green orb!  This “vegetable” is being ignored, despite the fact that it producesan exquisite giant seed that at one time was exported to England under the name of“Queen’s Nut”.  One can only imagine why it is no longer being shipped since at onetime it was a real special commodity.  Perhaps the trade was interrupted during thehorrendous Idi Amin years and never recuperated or was forgotten.  In any case theseeds of Telfairia pedata are definitely worthy of being called the Queen’s Nut, theyare delicious.  I acquired several pounds of seeds and had to stop myself from eatingmy propagation material precisely because they were so tasty!  This plant urgently



14 needs more attention.  In Western Africa its close relative is Telfairia occidentalis;The African Fluted Pumpkin.  Unlike with T. pedata, the seeds of T. occidentalis needto be cooked before consumption.  One of my good friends, Roy Dansforth has beenkind enough to send me photos of this enormous fruit. Fluted Pumpkin fruits can getup to a meter long and may have hundreds of seeds.  In the west it has also been calledOyster Nut. Presently I am in communication with a Nigerian Professor, Bosa Okoliwho is writing a book on the Telfairia.  According to him cultivation is actuallyincreasing in Nigeria as it is being promoted as a traditional vegetable.In Southern Africa, traditional uses of wild plants abound and wild cucurbitsare very important resources for nomadic and desert peoples. Southern Africa is richin wild cucurbit diversity and a great number of the species are not only edible butexquisite food sources.  In Western Botswana, my team and I had the incredibleopportunity to go on a “desert hunt” with the Kalahari Bushmen. There my objectiveswere happily fulfilled as we stalked out fruits and plants of many edible cucurbiits,among them; The Gemsbok Cucumber, Acanthosicyos naudinianus. The fruit of A.naudinianus is somewhat barrel shaped with blunt protuberances poking out of theskin.  It looks artificial, like some pastel yellow pet toy.  Sources have shared with methat certain forms of the Gemsbok Cucumber exist that are so “sweet” that they canbe eaten raw, most, however, still need to be cooked before eating.  I had a good laughwhen I experimented on my brother telling him to taste a ripe fruit, “How does ittaste?”  I repeated…  “It tastes terrible” he replied …so most are probably cooked…!!..The Kalahari Bushman do this creatively by burying the ripe fruits in the ashes of lastevenings fire, after a few hours the fruits are cracked open and the liquid interiorseeds and all is sucked out much as one could envision someone eating a raw eggafter carefully tapping open the top.   Several hundred miles away on the Namibian Coast we came face to facewith one of the most enchanting plants on the planet.  Growing in swelling dunes notfar from the sea is the Nara Melon, Acanthosicyos horridus. The Nara is a fruit that Idreamt of, what mystery, a Cucurbit without leaves, that grows in barren sands thatproduces a relatively large (up to a kilo) fruit that has been revered by the Topnaarpeople for ages.  Both its fruit and seeds are a valuable food resource.  While we werethere we watched as the Topnaar boiled the ripe melons down to a syrupy concoctionand then poured the fruit pulp on to the hot sand.  The pulp dries making a type of“fruit leather” which is stored and used later.  There is also a commercial aspect to theNara harvest, known as “Butter Pips” the seeds are collected and sold to South Africawhere they are a traditional snack food.  Despite these uses the Nara melon is stillsome obscure oddity.  It indeed has potential to be grown as a crop in the rightcircumstances but little if any attention is being given to it!With so many species to mention in Southern Africa it is difficult to limit thescope, however, another cucurbit stands unique in the sandy bushlands of theKalahari.  Cucumis kalahariensis is not sought out for its fruit but rather its large



15tapered juicy white- carrot like- roots!  This is such an extraordinary find in thedesert that the bushman have come to rely on it as a food and water source in theirsojourns.  I was able to taste my first “Kalahari carrot” in February 2012,  I dug theroot out with some bushmen standing overhead… pulling out the root, they motionedfor me to clean off the skin,  I scraped it off eagerly with my teeth and bit in…delicious!The roots are tender, succulent and crunchy not too unlike Water Apple (Syzygium
samarangense) fruits. I could easily become an addict of them if left in the desert!  Tothis author’s knowledge little if any effort has been made even to cultivate wildgermplasm in trials.  Nothing has been done to select varieties, yet its potential forfood production in hot desert areas is exceptional. The thin exterior skin of the rootalthough bitter, is easily removed by abrasion making this plant a most promisingfuture food resource.A world away in my home country, the USA, cucurbits were also used as foodresources.  Much of the knowledge of that use is long lost.  However enough vestigesremain that we can be provoked with the possibilities.  Among the possible foodcrop cucurbits is the so called Buffalo Gourd, Cucurbita foetidissima.  Both the immaturefruit and the seeds have potential.  The plant itself produces what has been claimed tobe one of the bitterest substances known, nevertheless, the seeds were processed formeal by the Native Americans and are known to be very nutritious.  The plant is agregarious perennial that takes heat, drought and abuse.  I love to see their vinessprawling in all directions loaded with yellow fruits as a drive down the back roads inplaces like West Texas. I have commented to horticulturalist that it would make awonderful seasonal groundcover for drought susceptible areas, the leaves are glaucusgrey and triangular and very pretty.  The Buffalo Gourd is treated like an weed bydryland farmers, but what they don’t know is that this weed may one day be someone’scrop. It certainly needs to be worked with by scientist and the inspired because ithas huge potential as a crop for hot dry areas.In Southern America, there are also wonderfully adapted species of ediblecucurbits.  The genera Melothria, Cyclanthera and Sicana all being among my favorites.
Melothria dulcis is a delightful fruit that is filled with a juicy flesh mass not unlike theinterior of a passionfruit, in ways it resembles one. I found my first wild Melothria
dulcis vines along the Pacific Coastal highway in Guatemala.  The vines were loadedwith ripe fruit and I collected a ton of them and ate them and saved the seeds.  Theseeds are very unusual because they are resplendently covered with fine “shimmering”golden hairs, making them almost look metallic!  Melothria scabra has been widelyintroduced in the United States as a “mini-cucumber” one trade name in which it hasmarketed in both the US and Europe is “Pepino”.   They grow wild on fences allthrough Mexico and Central America, children relish the green ones, but as wordgoes, don’t eat the dark black ripe ones—they have powerful laxative properties!The fruits are small; 2-3 centimeters long, but make crunchy, juicy and eye appealing



16 additions to salads so they are popular with chefs who purchase them to make theirentrees more exciting.  This fruit has great potential around the world as an annualwarm weather crop.  Cyclanthera pedata, is a plant which has been domesticated bypresumably the Incas or their ancestors.  It grows in cooler moister conditions andproduces bumper crops of large slipper like fruits.  The inner cavity is hollow so themode of use is to scoop the seeds out and fill it with fillings and bake it.  I have seen theplant growing and fruiting as north as Oslo, Norway and am presently growing theplant in New England where it is thriving and setting buds.  It shows no photoperiodsensitivity, and seems highly adaptable and hardy.  It seems to be a very good vegetableresource for moist cooler climates.  Several other edible Cyclanthera species exist allwhich are fascinating.The Casabanana, Sicana odorifera, is a delightful domesticated cucurbit grownthroughout central and southern America.  Sicana is a monospecific genus.  I saw myfirst fruits years ago while on a trip to Guatemala.  Since then I have promoted itscultivation and in recent years it has been grown in the US as a long season annual.  Itcertainly has great potential for further selection, improvement and adaption.  Geneticdiversity abounds, yellow, chocolate, black, red and orange fruits are known.  Thefruit is traditionally either baked (much like a squash) or made into fruit smoothies.So fragrant are the mature fruits that they have been used to perfume homes.  Theyoung fruits can be cooked an eaten as well.  The author hopes that this fruit will finditself being grown all around the planet as have other American cucurbits!These are just a few of my “global” cucurbit “discoveries”.  Every since I wasa small child I have been mesmerized by their seemingly endless forms. To writeabout them here is both nostalgic and inspiring. Nostalgic to recall all of these greatadventures, and inspiring because in some small way I hope I have shared somethingfresh and fun with you the reader. I continue to contend that the scientist citizensgreatest tool is passion and curiosity.  I hope that I never lose my childlike curiosity,and I hope that you the reader, never does either. Let us share the wonders of naturewith all.  In the years ahead it is my own hope that many of these most worthy fruitsfind the attention that they deserve, because, they are natures gifts to man.
Endnote: To the astute Cucurbitologist, I have capriciously refrained frommention of Asian Cucurbits, it is this writer’s assumption that the majority of readerswill be well versed in the biodiversity of Asian cucurbits.





17Scope for integration of genomics with plant
breeding in cucurbit crops

Umesh Kumar Reddy
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West Virginia State University, Institute, WV 25112-1000, USA.The Cucurbitaceae or cucurbit family is a monophyletic clade because of itsmorphological and biochemical distinctness and represents some of economicallyimportant species with edible and medicinal fruits(Whitaker & Bemis, 1976; Robinson& Decker-Walters, 1999). Cucurbitaceae is known to have 90 genera and 700 species,out of which there are several domesticated species that includes Citrullus lanatus(watermelon), Cucumis sativus (cucumber), Cucumis melo (melon) and Cucurbita(five species of squash & pumpkin). The genome size for watermelon, melon,cucumber and squash are 425Mbp, 454Mbp, 367Mbp and 502Mbp respectively(Arumuganathan & Earle, 1991) and considered to be very small in comparison withother crops such as wheat (15,966 Mbp), tomato (907 Mbp), cotton (2,500 Mbp),onion (15,290 Mbp), pepper (3,420Mbp) and corn (2,716Mbp).Whole genome sequencing of crop species, facilitated by new sequencingtechnologies and bioinformatic approaches, has provided new opportunities for cropimprovement (Bevan & Uauy, 2013). When combined with resequencing ofgermplasm accessions to generate thousands of readily usable SNPs, currentlyresearchers are in process of translating genetic variation into phenotypicperformance in the field (Elshire et al., 2011; De Donato et al., 2013). Predictablywithin the next two years useful reference genome sequences will be available tosupport the genetic improvement of most of the important food and fuel crops (Bevan& Uauy, 2013). Crop improvement will depend, however, on the identification ofuseful genetic variation and its utilization by breeding and transformation. Severaltraits that plant breeders would combine in desirable varieties are polygenic that areof moderate to small effects across multiple loci (Meuwissen et al., 2001). Suchcausative SNPs require identification using strategies like genome wide associationstudies or scanning breeding populations that are systematically build to pool complexancestral recombinations (Morrell et al., 2011).Remarkable progress has been achieved in cucurbit crops includingcucumber, melon and watermelon by making whole genome sequence availablepublicly (Huang et al., 2009; Garcia-Mas et al., 2012; Guo et al., 2013). Currently,several cucurbit genome laboratories are focused to perform genotyping bysequencing using next gen sequencing technologies for developing large scale SNPresources. Availability of large scale SNP data would enable to characterize genomewide linkage disequilibrium (LD), a feature where several alleles belonging to extended



18 loci on chromosomes are in cold spots of recombination, hence would transmit asone whole block from one generation to the next (Han et al., 2011; Nimmakayala P et
al., 2014). The SNP alleles located in these blocks are haplotypes. Haplotypinggermplasm for various blocks would resolve genetic diversity more precisely thanthe individual SNP-types or microsatellite genotypes(Nimmakayala et al., 2014).Genome-wide Association Studies (GWAS) is to locate QTLs based on the associationsof the traits and SNPs in the LD blocks (Bouchet et al., 2012; Peiffer et al., 2013;Zhang et al., 2013). High resolution maps (HRMs) made using large scale SNPs wouldbe of immense use for genome sequence assembly and further correcting wronglyassembled scaffolds (Delourme et al., 2013).  HRMs will precisely map QTLs andwould in map based cloning of important domains that are useful for marker assistedselection.Analysis of genetic diversity in world cucurbit collections of various majorand minor cucurbits would facilitate to understand LD decay at various levels.  SinceLD in cucurbits is quite large (Nimmakayala P et al., 2014) because of narrow geneticdiversity in cultivars, we suggest that the marker sets of the size up to 10,000 SNPsper species with a Minor Allele Frequency (MAF) of 0.05 would be sufficient forconducting a reasonably useful GWAS research.  Resequencing strategies to developmillion of SNPs for crops such as maize and rice (Jiao et al., 2012; Xu et al., 2012;Huang et al., 2013; Zhai et al., 2013) shows what is possible for the cucurbit researchcommunity. The identification of SNPs for cucurbits as in previous studies(Nimmakayala P et al., 2014) will allow for genome-wide association mapping andmarker-assisted selection to support breeding programs.
ReferenceArumuganathan K, Earle ED. 1991. Estimation of nuclear DNA amounts of plants byflow cytometry. Plant Molecular Biology Reporter 9( 3): 229-241.Bevan M, Uauy C. 2013. Genomics reveals new landscapes for crop improvement.
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Introduction:Cucurbits belongs to family Cucurbitaceae, having about 118 genera and 825species.In India, a number of major and minor cucurbits are cultivated, whichshare about 5.6 % of the total vegetable production. Cucurbits coined by LibertyHyde Baily of USA form an important and a large group of extensively cultivatedvegetables in India and other tropical and subtropical countries. This group consistsof remarkable range of vegetables, either used as salad (cucumber) or for cooking(all gourds) or pickling (cucumber and other minor ones), or as desert fruit (muskmelon and water melon) or candied/preserved (ash gourd& gherkin).These aremostly seed propagated, besides a few vegetatively propagated, like pointed gourd,spine gourd and ivy gourd and also few perennials, like chow-chow. They are oftremendous economic importance as food plant like edible vegetables, fruits or seedand as medicinal plants, especially in the indigenous medical systems like Ayurveda,Siddha, or  Unani, etc. They are extensively grown across seasons (summer, rainyand winter) and round the year at some or other pockets or regions. They arecultivated in mixed cropping system, like river bed culture on river sand ‘Diara’-anunique, indigenous and improvised system of vegetable forcing, which aloneapproximately covers 60% of the total area under cucurbits in this country.The main goal of research on cucurbitaceous vegetables in India is to improveproductivity on sustainable basis through developing biotic and abiotic resistantvariety/hybrids accomplished with quality attributes. The yield potential of cucurbitscould be increased by adopting the standardized agro-techniques and plant protectionmeasures.Economic Importance of the Family Cucurbitaceae:i) The hard dried shell or woody pericarp of species Lagenaria siceraria indifferent shape and form make excellent flasks primitive vessels and utensils.It also used as blow pipe of snake charmer, drum for tambura, soraja etc. inmaking musical instrument.ii) Dried fibrous network of vascular tissue in fruit of Luffa when set free byretting away after tissues affords the well-known fibrous Luffa sponge asbath sponge . These are two species in this concern i.e. Luffa cylindrica and
Luffa aegyptiaca.



22 iii) Vegetable: Majority of species used as vegetables for common use in kitchen
viz. Lagenaria siceraria, Cucurbita pepo, Cucuribita maxima, C. moschata, Luffa
aegyptiaca, Momordica charantia.iv) Fruits: Raw fruits directly eaten as fruit in ripe or unripe condition. Theseincludes– Cucumis melo, C. sativus, Citrulus vulgaris etc.v) Ornamental: Certain vines of the family grown in gardens and walls forornamental purpose.vi) Medicinal: Some species of family possess high medicinal value. Majority ofthem are laxatives, some are poisonous and some produce useful drugs.

vii) Citrullus colocynthis – pulp of which is purgative and official drug used indropsy intestinal disorders etc.
viii) Trichosanthes dioica – Pulp of fruit mixed with coconut oil used to cure earitch root is used in inflammation of lungs in cattle.
Scope of cucurbits in odisha:

 High genetic variability present in these crops has not been fully utilized. Thisgenetic variability can be successfully utilized for the development of highyielding resistant (biotic and abiotic stresses) varieties and F1 hybrids ofcucurbits.
 Efforts should be made to develop suitable varieties and F1 hybrids which canexploit its full potential under the sandy riverbed conditions.
 Cucumber, summer squash, bitter gourd and gherkin are important low volume,high value vegetables for protected cultivation. Efforts should be made todevelop gynoecious parthenocarpic varieties and F1 hybrids of these abovevegetables so that they can be profitably exploited under protected conditionsor greenhouse of vegetable farming.
 Cucurbitaceous crop like bitter gourd, bottle gourd, cucumber and gherkin areimportant from export point of view. Therefore, efforts should be made todevelop varieties and F1 hybrid which can suit the requirement of internationalmarket.
 Less-exploited crops like pointed gourd, small gourd, snake gourd, round melon,long melon, snap melon, culinary melon etc. should be given attention.
 Efforts should be made to develop stable tropical gynoecious particularly incucumber and male sterile lines linked with marker and their utilization inheterosis breeding
 Attempts should be made to develop multiple disease resistant hybrids, moreparticularly in muskmelon and cucumber



23 Due attention to be given for grafting of water melon and musk melon withsuitable root stocks of bottle gourd and pumpkin to develop resistance againstsoil fungi.
 Efforts should also be made to develop varieties and F1 hybrids of pumpkin, ashgourd, gherkin and bitter gourd, which can suit the requirement of valueaddition and processing industry.
 Marker added selection (MAS) to be utilized for economically important cropslike cucumber and musk melon.

Prospects in Odisha:Odisha is a treasure house of cucurbitaceous vegetable. The diversity forcucurbitaceous crops of this region has mainly been managed by local farmers, oftenwomen. Considerable diversity exists among the regional cucurbitaceous cropsincluding variation in plant type, morphological and physiological characteristics,reactions to diseases and pests, adaptability and distribution. In different part of thestate different type of promised germplasm are available which can be exploited inthe future for improvement programmes in cucurbits. The distribution, area,production and productivity and important local variety of cucurbits grown in Odishahas been presented in Table 1 to Table 3.
Table 1: Distribution of important cucurbits (growing area) in Odisha:

English 
name 

Scientific name Hindi or other 
vernacular 

name 

Local name Areas of cultivation 

Bitter gourd Momordica charantia Karela Kalara Puri, Khurda, Cuttack, 
Sambalpur, Keonjhar 

Bottle gourd Lageraria siceraria Lauki or Ghiya Lau Puri, Cuttack, Sundargarh, 
Koraput, Phulbani 

Water melon Citrullus lunatus Tarbuz Tarabhoj Deogarh, Kuchinda, Jajpur, 
Dhenkana, Angul, Cuttack, Puri 

Musk melon Cucumis melo 
 

Kharbuza Kharabhuza Ganjam, Gajapati, Cuttack, Puri, 
Balasore, Sundargarh 

Pointed gourd Tricosanthes dioica Parwal or 
Potal 

Potal Jajpur, Cuttack, Puri, Sambalpur 

Cucumber Cucumis sativus Khira Kakudi Cuttack, Jajpur, Dhenkanal, Puri 

Spine gourd Momordica dioica Kartoli Kankada Keonjhar, Dhenkanal, 
Sambalpur, Phulbani 

Pumpkin Cucurbita moschata Sita phal or 
Kashi phal 

Kakharu Puri, Khurda, Cuttack, Jajpur, 
Bhawanipatna, Sambalpur, 
Balasore, Dhenkanal 

Snake gourd Tricosanthes anguina  Chhachindra Ganjam, Gajapati ,Cuttack, Puri, 
Balasore, Sundargarh 



24 Table 2: Area, production and productivity of important cucurbits in Odisha (Area inHa., Production in M.T.)
Crop 2012-13 2013-14 

 Area Productivity Production Area Productivity Production 

Bitter gourd 11485 9.65 112291 11407 9.71 111762 

Bottle gourd 10188 13.42 137894 10188 13.44 138085 

Water melon 12582 18.91 242881 12582 18.91 242881 

Musk Melon 84 16.72 1371 84 16.71 1371 

Cucumber 2454 14.02 34507 2456 14.05 34587 

Pointed gourd 2050 14.12 28976 2052 14.12 29005 

Other 

Vegetables 
73722 11.10 819383 71441 11.19 798837 

Total 112565 12.2 1377302 110210 12.3 1356527 

(Sources: Department of Horticulture Data Base, Odisha)

Table 3: Important local variety of cucurbits grown in Odisha
 Crop Areas 

Pumpkin Guamal Local, Baidybati 

Bitter gourd Nakhara Local, Thusi kalara 

Ridge gourd Jajpur Local, Barapati, Penthi janhi 

Cucumber Barapati, Satapatri, Kantei kakudi 

Snake gourd Ganjam Local 

Small gourd Rambha Local 

Spine gourd Chota deshi kankada, Jangali kankada,Phulbani local 

Pointed gourd Baripada Local, Jajpur Local, Bargarh Local 

Gaps in diversity related research and development of cucurbits in Odisha:• Regeneration and cultural practices for many species need to be researchedand standardized for their cultivation.• Threatened species need immediate action for ensuring their continuedexistence.• Identification and classification of threatened species need to be done.• Richness of diversity of cucurbita species is yet to be fully inventronized anddocumented.• There is a serious gap between research and field needs. The established formalinstitutions like university departments, departmental research stations and



25other rarely consult the farmers and local communities about their problemswhile pursuing research.• Need based research needs to be encouraged
Research Accomplishment of OUAT in Nut Shell:

1.  CROP IMPROVEMENT
Growth, Yield, Propagation and Taxonomic studies in spine types. (Momordica
dioca Roxb.)The study was undertaken for gathering knowledge on taxonomic charactersand the extent of variability found in the spine gourd types. According to the studythe yield was correlated with the yield. Selection of the type should be made on thebasis of long phase of flowering medium size of fruits, more number of fruits,resistance to Epilachna beetle. Desired types can be propagated through vine cuttings.Tubers of 40 gm weight produces more no of cuttings which should be used asplanting material. Type 7/2 was found to be the highest yielder among the collectedtypes. (Mahapatra and Maharana, 1983)

Taxonomy, Floral Biology and crossability study in Momordica SpeciesThe study was made to gather knowledge on taxonomic characters, floralbiology of three Momordica species, studies in relation to crossability andpropagation of these species were made. In India, M. dioica (spine gourd), M.
subangulata subsp. renigera (teasel gourd) and M. charantia (bitter gourd) arebeing used as vegetable. The anthesis in M. cochinchinensis and M. charantia takesplace in dawn whereas anthesis in M. dioica takes place in twilight hours. M. diocatakes 7-22 minutes for flower opening whereas M. cochinchinensis and M. charantiatakes more than two hours. Larger pollen was observed in M. cochinchinensis. Pollenviability was highest in M. cochinchinensis. Pollen viability was highest M. charantia.Hand pollination ensures highest amount of fruit set .No parthenocarpic fruitdevelopment was observed in any of the species .Twenty two to twenty eight daysare required for fruit development in M. dioica whereas 28-36 days were requiredfor the other two species. Seed of fruit ratio is highest in M. charantia. All the speciescrossed within themselves but crossing between M. cochinchinesis and M. dioicahas been successful to is the extent  of 70% other reciprocal crosses have beenfound to be more or less in compatible except M. dioica and M. cochinchinensis where5% fruit set was observed (Sahoo and Maharana, 1984).

Studies on floral biology of bitter gourdStudies on floral biology were taken up in thirteen genotypes of bitter gourdnamely priya, Green Long, BG-14, Coimbatore Long, Thusi, Long White, HajipurLocal, Tiansi, Pusa Do mousumi, Nakhara Local, Gadabeta, Solan Hara and Solan white.Flower bud development was studied both for male and female flowers in all thevarieties. Anthesis stared between 1.30 A.M to 2.30 and anther dehiscence wascompleted between 12 mid-night and 1.30 A.M even before opening of the flowers inall the varieties stigma was highly receptive at the time of anthesis. Considerable



26 variation in pollen size, pollen viability and artificial germination of pollen grainswas recorded. Existence of parallelism effect between male and female bloomingphase in most of the varieties was also recorded considerable variation on sex ratiowas observed among various cultivars studied. (Parhi, Swain and Mishra, 1992)

Genetic divergence in bitter gourd   (Momordica charantia L.)Genetic divergence using Mahalanobis D2statistics was studied for fourteenquantitative characters including yield per plant in a collection of thirteen genotypesof bitter gourd (M. charantia).The genotypes differed significantly for all thecharacters studied and were grouped into six clusters based or the similarities of D2values. Considerable diversity within and between clusters were noted and it wasobserved that the characters like 100-seed weight, number of seed per fruit andyield per plant contributed maximum to divergence. Hence, selection of divergentparent based on these characters may be useful for heterosis breeding in bittergourd. (Parhi, Mishra and Tripathy, 1992)

Studies on combining ability in bittergourd (M. charantia)In 9 x 9 diallel cross (excluding reciprocals), 12 quantitative traits includingtotal yield per plant were studied. The mean square for GCA were larger than thosefor SCA in all the characters studied indicating a strong tendency of transmitting  thehigher grain from parents to off springs. The estimated components of variance forSCA (Var. Sij) were larger than those for GCA (Var Gj).This indicated that the superiorperformance of F1hybrids showing high SCA was largely due to epistatic interaction.Parents Green long, Coimbatore Long, Gadabeta and Priya were the best generalcombiners for yield per plant, fruit weight and fruit size. The F1 hybrids CoimbatoreLong × Gadabeta, Nakhara Local × Green Long and Green Long × Thusi were the bestspecific combiners for yield per plant in order of merit. (Mishra and Mishra, 1993)

Genetic variability in pumpkinThe study was conducted with 19 genotypes, consisting of most of the localtypes collected from different places of Orissa and few improved cultivars fromoutside the state with an objective to observe the genetic variability in pumpkin.The result of the study revealed significant difference among the genotypes for allthe 12 characters studied. The yield/plant, number of fruits /plant, fruit length andweight and duration of female flower showed higher GCV, PCV, heritability and geneticadvance. Genotypic and phenotypic co-relation coefficients showed that number offruits/plant as well as fruit weight had positive significant correlation with yield/plant. Path coefficient analysis of various quantitative characters revealed thatduration of female flower, fruit number and fruit weight had maximum direct effectson fruit yield of pumpkin. Cultivars such as Bhubaneswar-8, Cuttack local andBhubaneswar-10 showed good performance. (Sahu and Mishra, 1993)

Heterosis and combining ability in bitter gourdAn experiment was conducted during rainy seasons (Kharif) of 1989 and1990 to study the heterosis and combining ability for fruit characters in bitter gourd



27(M. charantia) in a 9 x 9 parental diallel cross (excluding reciprocal). Both additiveand non-additive gene actions were involved in the character expression of numberof fruits/plant, fruit length, fruit breadth, fruit weight and yield in bitter gourd alongwith appreciable heterosis. Coimbatore Long was a good general combiner for allthe characters. Hybrids with high effect of specific combining ability involved atleast 1 of the parents with high general combining ability. (Mishra and Mishra,
1994)

Correlation and path-coefficient studies in bitter gourdCorrelation and path coefficient studies were conducted with thirteengenotypes of bitter gourd. Positively significant correlations of yield/plant with fruitweight, fruit length, number of seeds per fruit, vine length and days to first harvestindicated that simultaneous improvement can be made if selection is made for anyone of the correlated characters. Path analysis revealed that revealed that fruitbreadth, days to opening first male and female flower, vine length and number ofseeds per fruit had maximum positive direct effect on yield in bitter gourd. Thecharacters like fruit weight and fruit length though have significant positivecorrelation with yield exhibited low direct effect. Besides direct selection for yield,indirect selection through number of seeds per fruit and fruit weight would proveworth for further improvement in yield of bitter gourd. (Parhi and Mishra, 1995)

Diallel analysis for variability in bitter gourd (M. charantia)Diallel analysis of 36 F1 hybrid of bitter gourd involving 9 parents (excludingreciprocals) for 8 quantitative characters indicated frequent occurrence of dominantalleles for inheritance of the characters studied. Both additive and non-additive geneactions were involved in the character expression. Unequal distribution of genes atloci showing dominance was common in the parental population, indicating theinterplay of partial dominance and dominance in character expression. Presence ofdominance and complementary type of gene action along with low narrow senseheritability for yield indicates that heterosis breeding would be more advantageousto get higher fruit yield in bitter gourd. (Mishra and Mishra, 1998)

2.  CROP PRODUCTION

Chemical Regulation of sex expression in relation to growth and yield in
cucumberCucumber Cv. Long green was treated with MH (100,200 and 400ppm),Cycocel (500,1000 &2000 ppm) & TIBA (25,50, &100 ppm) at 2 to 3 and 4 to 5 leafstage. Application of 100 ppm TIBA decreased the length of vines (43.5 cm against227.25 cm in Control) increased the number of branches/plant (6.0 against 4.0 incontrol) induced the development of pistillate flowers at the lowest node (4.0 against11,0 in control) and reduced the ratio of pistillate to staminate flowers(1:2.23 against1:15.52 in control).However, the maximum yield of fruits (110.5 g/plant) wasrecorded at 1000 ppm CCC, as against 294.5 gm in control (Pradhan and Mishra,
1968).



28 Studies on rooting response, subsequent growth and development of pointed
gourd (Tricosanthes dioca Roub.)Foliar application of IAA,IBA,B995,GA3 and NAA each at 0,10,100 and 1000ppm were tried in pointed gourd.76% success was recorded with B-995 (100 ppm)in case of vine cuttings, IAA (10 ppm),NAA (1000 ppm), GA (1000 ppm),IBA (100ppm) showed retarding effects on vine cuttings B995 (10 ppm), GA (100 ppm),NAA(10 ppm) decreased the success rate in swollen roots. IAA and NAA are more effective
(Das and Das,1971).

Studied on the effect of Growth regulators on vegetative growth, sex
expression and yield of cucumber (Cucumis sativus L.) and water melon
(Citrullus vulgaris Schard)B-9, cycocel and ethereal were sprayed at 2-3 true leaf stage and 5-6 leafstage. Allthe three chemical found to increase the basal diameter, no of branches andcaused early branching in cucumber and water melon. With highest doses of thethree chemicals, more number of pistillate flowers were produced and the firstpistillate flower appeared on the lowest and medium doses of chemicalsrespectively.B-9(1000ppm) recorded maximum fruit yield in both the cases
(Panigrahi and Mishra, 1973).

Effect of nitrogen and growth substances on growth, fruit set, development
and quality of pumpkin (Cucurbita moshata var. vaidyabati) Ridge gourd
(Luffa acutangula var satputia)Planofix (1, 2 cc/lt), Ethrel (100,200 ppm) and Alar-85 (100 & 200 ppm)were sprayed. Three levels of nitrogen (0, 20, 40 kg/ha) were applied. Growthregulators reduced the length of the plant but nitrogen increased it. Ethrel (200ppm) increased the number of leaves, induced early flowering and reduced the totalnumber of flower per plant. Nitrogen (40 kg) increased the number of leaves, delayedflowering by 10 days increased the no of flowers. Ethrel 200 ppm and nitrogen 20 kgproduced maximum number of fruits (Swain and Das, 1973).

Effects of growth regulators on growth, sex expression and yield of pumpkin
(cucurbita maxima Duch) and musk melon (Cucumis melo L.)Two foliar sprays (2 to 3 and 4 to 5 leaf stage) of four growth regulators viz.,Ethrel (100,200,400 ppm), B9 (250,500,1000 ppm),CCC (500,1000,1500,2000 ppm)and hadacidin (125,250,500  ppm) were tried in pumpkin and muskmelon. Cycoceland ethrel significantly induced dwarfness in pumpkin and muskmelon. But ethrel(400 ppm) proved to be superior in production of pistillate flowers, altering the sexratio and increasing yield in both the crops. Ethrel at 400 ppm resulted in completefemaleness for a period of 15 to 20 days. The same treatment also recorded thehighest yield of 213.01 q/ha in pumpkin and 214.63 q/ha in muskmelon. However,ethrel showed toxic effect at its highest (400 ppm) dose on both the crops, whereascycocel proved toxic above 1500 ppm concentration in muskmelon (Prusty and
Mishra,1978).



29Studies on the effect of some trace elements and growth regulators on growth,
sex expression and yield of bottle gourd.  (Lagenaria sicearia Standl.)Bottle gourd plants were subject to 15 treatments along with a control. Theresults revealed that 200 ppm of Ethrel and 10 ppm of Morphactin were best forproducing sturdy and dwarf vines. Among the trace elements, Mo showed betterresponse in inducing pistillate flowers, number of fruits per plant and finally yieldper plant. Ethrel can boost the yield of Bottle gourd during summer (Sarangi and
Mishra, 1980).

Studies on the effect of growth substances on growth, sex expression and
yield of pumpkin.The experiment was carried out to study the effect of growth substances(ethrel and morphactin) on the growth, sex expression and yield of pumpkin. Theresults clearly indicated that the plants treated with ethrel (400 ppm) came toflowering at the earliest. However ethrel at 300 ppm recorded maximum fruit yieldfollowed by morphactin at 20 ppm (Mallik and Mishra, 1985).

Integrated nutrient management in bottle gourdPooled data revealed that application of full dose of recommended NPK(50:30:50 kg/ha) in Bottle gourd resulted in maximum fruit yield (330.19 q/ha)with C:B ratio of 1:3.92, followed by combined application of FYM @ 10 t/ha + halfdose of recommended NPK (309.07q/ha, 1:3.05, respectively) (Nandi, Beura and
Pandey, 2013).

3. CROP PROTECTION

Integrated disease management of downy mildew in bitter gourdThe incidence of downey mildew of bitter gourd was low in bower system ofplanting as compared to non-bower planting. The disease was  effectively managedby seed treatment with ridomil MZ 0.25 % + three times removal of lower  infectedleaves in the morning and spraying of  mancozeb 0.25 % in the afternoon on bowersystem recorded 92.24% disease control over control with maximum cost benefitratio 8.64 ( Beura,2012).

Integrated disease management of powdery mildew in pumpkinThe powdery mildew disease of pumpkin can effectively be managed byspraying with the fungicide tridemorph (calixin) 0.1 % which recorded lowest meandisease incidence (PDI-3.8%) corresponding to maximum fruit yield of 202.1 q/ha.The same treatment also registered 92.34% disease control, 52.41% yield increaseover control and cost benefit ratio of 1:5.62 (Beura, 2012).

Future thrusts:1. Collection, Evaluation, Maintenance and documentation of local germplasm ofspinegourd, pointed gourd, cucumber, pumpkin and bitter gourd.



30 2. Standardization of agro techniques for commercial production as well as forexport purpose for important cucurbits like bitter gourd, cucumber and pointedgourd in the state.3. To develop Integrated Nutrient Management, Integrated Pest Managementand Integrated Disease Management.4. To standardize trellis system during rainy season particularly for bitter gourdand cucumber.5. Effort should be made to recommend suitable varieties and F1 hybrids ofwatermelon, pumpkin which can exploit its full potential under the vast sandyriverbed cultivation in the state.6. Steps should be taken for proper marketing of the produce with minimumpost-harvest loss and maximum benefits to the farmers. (Market links)7. Steps should be taken to  select varieties which can suit the requirements ofvalue addition and processing industry particularly crop like pumpkin, bittergourd, cucumber and ash gourd.8. To identify various varieties of cucurbits which can be fitted the crop rotationas well as to contingent plan during adverse situation.9. Emphasis should be given for protected cultivation of cucumber, pointed gourdetc.
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Present status and future prospects
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1. IntroductionCucurbits are vegetable crops belonging to family Cucubitaceae, which primarilycomprised species consumed as food worldwide. The family consists of about118 genera and 825 species. Although most of them originated in Old World, manyspecies originated in the New World and at least seven genera in both hemispheresof the globe. There is tremendous genetic diversity within the family, and the rangeof adaptation for cucurbit species varies from tropical and subtropical regions, ariddeserts to temperate regions. A number of cucurbits are indigenous to India (Table1). These crops are grown in summer and rainy season in northern and eastern part,while throughout the year in southern part of India. In India, cucurbits are cultivatedin several commercial cropping systems and also as popular kitchen garden crops.Cucurbits have been ranked as excellent, very good and good on world’s healthiestfood ranking scale. Because of their high water and lower caloric content, theydeliver more nutrients per calorie-an outstanding health benefit. The neutraceuticalindustry looks at Indian cucurbits particularly bitter gourd as a potential healthcapsule without any side effects. These indigenous cucurbits are consumed in variousforms i.e., salad (cucumber, gherkins, longmelon), sweet (ash gourd, pointed gourd),pickles (gherkins & cucumber) and culinary purpose. By adoption of modernproduction technologies such as improved varieties/hybrids, IPM, proper trainingof farmers and better marketing opportunities, production and utilization ofindigenous cucurbits have improved significantly.
Table 1: List of indigenous cucurbits

English name Hindi name Botanical name Origin Chromos

-ome No. 

(2n) 

Cucumber Khira Cucumis sativus L. India 14 

Bitter gourd Karela Momordica charantia L. Indo-Burma 22 

Pointed gourd Parwal Trichosanthes dioica Roxb. India 22 

Snake gourd Chichinda Trichosanthes cucumerina L.  India 22 

Ivy gourd Kundru  C. grandis (L.) Voigt.  India 24 



32 Long melon Kakri Cucumis melo L. var. utilissimus  India 24 

Snap melon Phoot Cucumis melo L. var. momordica India 24 

Round melon Tinda  Praecitrullus fistulosuos (Stock.) 

Pang.  

Indo-Burma 

(India) 

24  

Ash gourd Petha Benincasa hispida (Thunb.) 

Cogn. 

South East 

Asia 

24 

Ridge gourd Kali Tori Luffa acutangula (L.) Roxb. India 26 

Sponge gourd Ghia Tori Luffa cylindrica (L.) M. J. Roem.  India 26 

Hermaphrodite 

ridge gourd  

Satputita Luffa hermphrodita  India 26 

Sweet gourd  Cochinchin 

Gourd 

Momordica cochinchinensis 

(Lour.) Spreng. 

South East 

Asia 

28 

 1. Current status of the cucurbits databaseIn India, the database on vegetables is published as Indian HorticultureDatabase by National Horticulture Board (NHB), New Delhi. NHB covers mostlycommercial crops like potato, onion, tomato, brinjal, cruciferous vegetables, peas,okra etc., whereas no data on cucurbits is available with NHB. The data on cucurbitsof India are given by FAO only in 4 major groups (Table 2). Cucurbits share about4.06% of the total vegetable production in India and according to FAO estimates, it iscultivated on about 0.61 million ha with the productivity of 13.11 t/ha (FAO, 2012).According to an estimate, India will need to produce 300 million tonnes of vegetablesby 2050 to meet the requirement of increasing population. Indigenous cucurbitsbeing a largest group of vegetables; provide better scope to enhance overallproductivity and production of vegetable to meet the challenge.
Table 2: Area, production and productivity of major cucurbits of India

Crop Area             
(000’ ha) 

Production (000’ 
tonnes) 

Productivity 
(tonnes/ha) 

Cucumber 26.50 168.00 6.34 

Pumpkin, squash, 
gourd 

510.00 4900.00 9.61 

Watermelon 28.50 400.00 14.04 

Melons 44.50 1000.00 22.47 

Total 609.50 6468.00 13.11 



331. Indigenous cucurbits and diet diversificationWith the changing life styles and dietary patterns, the consumers in India arebecoming more health conscious and also want more vegetable diversification anda continuous supply. In cucurbits, generally fruits are eaten but in case of longmelon,pointed gourd tender leaves are also equally preferred. Cucurbit vegetables arepurchased partly based on their nutritive values, appealing appearance and price.Product differentiation, including introduction of new types is still a key strategyfor expanding sales in vegetable markets. For example, the introduction of newvegetables such as ivy gourd, longmelon, sweet gourd and hermaphrodite ridge gourd(satputia) in market has opened new opportunities for domestic producers. Table 3indicates major states producing different types of cucurbits. To exploit importantvirtues of cucurbits, it is important to continue research, disseminate informationregarding the nutritional benefits of these vegetables, develop new improved cucurbitcultivars, processed products, evaluate the economic opportunities and the marketscope of these new products, and identify marketing trends and alternatives (Diasand Ryder, 2011). Providing customers with innovative combinations of products(pickles from cucumber, sweets & candy from ash gourd and pointed gourd, juicefrom ash gourd, chips & powder from bitter gourd) and services is the key to theprocessed vegetables. The growth rate in retail sales of processed vegetables in Indiaover the past years has been tremendous. Most of the supply increase could beachieved through higher per-unit productivity and reduction in postharvest losses,but production also needs to be boosted in non-irrigated areas, and in home andvillage gardens in remote and tribal areas where consumption levels are particularlylow.
Table3: Main states in India producing indigenous cucurbit crops

Crop Major states 

Cucumber Bihar, Chhattisgarh, Kerala, Madhya Pradesh, Maharashtra, 
Rajasthan, Uttar Pradesh, Himachal Pradesh, Uttaranchal 

Bitter gourd Andhra Pradesh, Bihar, Chhattisgarh, Haryana, Jharkhand, 
Kerala, Karnataka, Madhya Pradesh, Maharashtra, Mizoram, 
Odisha, Tamil Nadu, Uttar Pradesh  

Pointed gourd Bihar, Chhattisgarh, Karnataka, Odisha, Tamil Nadu, Uttar 
Pradesh, 

Snake gourd Karnataka, Kerala, Mizoram, 

Ivy or scarlet gourd Chhattisgarh, Uttar Pradesh, Jharkhand, Bihar, West Bengal, 
Tamil Nadu 

Longmelon Andhra Pradesh, Chhattisgarh, Haryana, Kerala, Madhya 
Pradesh, Maharashtra, Odisha, Rajasthan, Tamil Nadu, Uttar 
Pradesh, Uttarakhand  



34 Snapmelon Uttar Pradesh, Rajasthan, Bihar, Punjab, Haryana 

Roundmelon Madhya Pradesh, Uttar Pradesh, Haryana, Punjab 

Ash gourd Uttar Pradesh, Bihar, Jharkhand, Karnataka, Kerala, Punjab, 
Tamil Nadu,  

Ribbed or ridge 
gourd 

Andhra Pradesh, Bihar, Chhattisgarh, Haryana, Karnataka, 
Madhya Pradesh, Maharashtra, Rajasthan, Tamil Nadu, Uttar 
Pradesh 

Sponge gourd Andhra Pradesh, Bihar, Chhattisgarh, Haryana, Karnataka, 
Madhya Pradesh, Maharashtra, Rajasthan, Tamil Nadu, Uttar 
Pradesh 

Hermaphrodite ridge 
gourd  

Eastern part of Uttar Pradesh, Western part of Bihar 

Sweet gourd  Uttar Pradesh, Odisha, Bihar, Meghalaya, Mizoram, Assam 

 1. Plant genetic resourcesIn India, ICAR institute and State Agriculture Universities are involved incollection, conservation and utilization of indigenous cucurbits (Table 4). Rich geneticdiversity in wild and cultivated species of Luffa, Momordica, Cucumis, Coccinia,
Momordica and Trichosanthes has been augmented. There are several cucurbits, whichhave adaptability to a particular region of India. The Momordica chochinchinensis toTripura, Assam and West Bengal, and Trichosanthes dioica to Eastern Uttar Pradesh,Bihar and West Bengal. The Indian Institute of Vegetable Research is a National ActiveGermplasm Site for the systematic management and utilization of germplasm wealthof vegetable crops including indigenous cucurbits. The major activity includes collection,evaluation, maintenance and distribution of germplasm. Many of the cucurbitgermplasm having unique characteristics have been registered with National Bureauof Plant Genetic Resources (NBPGR) (Table 5).
Table 4: Institutes/SAUs involved in the research activity in indigenous cucurbits
Crop ICAR institute/SAU/CAU highly involved in research activity   

Cucumber IIVR, Varanasi, IIHR, Bangalore, IARI, New Delhi, HPKV, 
Palampur, MPKV, Rahuri, GBPUAT, Pantnagar 

Bitter gourd IIVR, Varanasi, IIHR, Bangalore,  IARI, New Delhi,  PAU, Ludhiana, 
KAU, Vellanikkara, TNAU, Coimbatore, CSUAT, Kanpur  

Pointed gourd IIVR, Varanasi, BAU, Sabour, HARP, Ranchi,  Kalyani, NDUAT, 
Faizabad, IGKV, Raipur 



35Snake gourd KAU, Vellanikkkara TNAU, Coimbatore 

Ivy gourd IIVR, Varanasi, IGKV, Raipur, CHES, Bhubaneswar, TNAU, 
Coimbatore, BAU, Sabour 

Long melon PAU, Ludhiana, IIVR, Varanasi, CIAH, Bikaner 

Snap melon IIVR, Varanasi, IARI, New Delhi, CIAH, Bikaner 

Round melon HAU, Hisar  

Ash gourd IIVR, Varanasi,  IARI, New Delhi, KAU, Vellanikkara TNAU, 
Coimbatore, ICAR Research Complex, Barapani  

Ridge gourd IARI, New Delhi,  IIHR, Bangalore, IIVR, Varanasi, AAU, Anand 

Sponge gourd AAU, Anand, IIHR, Bangalore, IIVR, Varanasi, HARP, Ranchi, 
RAU, Samastipur 

Hermaphrodite 
ridge gourd  

IIVR, Varanasi 

Sweet gourd  IIVR, Varanasi, CHES, Bhubaneswar, ICAR Research Complex, 
Barapani 

Table 5. Registered germplasm of cucurbits having some unique trait
Cucurbits National germplasm 

identity No. 
Registered trait 

Pointed gourd INGR-03035 Parthenocarpic fruits 

Bitter gourd INGR-03037 Gynoecious sex with high yield 

Cucumber INGR-98017 High yield and long fruit 

 INGR-98018 Small fruit, drought and high temperature 
tolerant 

Cucumis callosus INGR-98013 High yield and drought tolerance 

Round melon INGR-99038 Tolerant to downy mildew and root rot wilt  

Snap melon INGR-98015 High yield and drought tolerance 

 INGR-98016 High yield and drought tolerance 

 INGR-07044 Downey mildew resistance 

Sponge gourd  INGR-1015 Cluster bearing Source: NBPGR, New Delhi (www.nbpgr.ernet.in)



36 Jing et al. (2012) fingerprinted 3312 cucumber accessions using SSR markers.The data revealed three distinct populations, largely corresponding to threegeographic regions. Population 1 corresponded to germplasm from China, exceptfor the unique semi-wild landraces found in Xishuangbanna in Southwest China andEast Asia; population 2 to Europe, America, and Central and West Asia; and population3 to India and Xishuangbanna. Admixtures were also detected, reflecting hybridizationand migration events between the populations. The genetic background of the Indiangermplasm is heterogeneous, indicating that the Indian cucumbers maintain a largeproportion of the genetic diversity and that only a small fraction was introduced toother parts of the world. The variability among indigenous cucurbits needs properconservation to check the genetic erosion (Table 6)
Table 6: Variability in cultivated indigenous cucurbits and genetic erosion in Indianregion

Crop Variability status Genetic erosion status 

Cucumber Very high High 

Bitter gourd Medium Low 

Pointed gourd High Low 

Snake gourd Medium Medium 

Ivy or scarlet gourd Medium Medium 

Longmelon Low High 

Snapmelon High High 

Round melon Low Medium 

Ash gourd High High 

Ribbed or ridge gourd Medium Low 

Sponge gourd Low Medium 

Hermaphrodite ridge gourd  Medium Medium 

Sweet gourd  Medium Low Source: Srivastava (2007)
1. Varietal DevelopmentThe evaluation of indigenous and exotic germplasm introductions, and theirhybridization resulted in the selection of 77 superior varieties of different cucurbits.Of these varieties, ‘Kalyanpur Baramasi’ of bitter gourd and ‘Japanese Long Green’of cucumber continue to be among the popular varieties due to their high yield
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Crop National level State /Institute level 

OP Varieties 

Bitter gourd Priya, RHRBG-4-1, KBG-
16, PBIG-1 

Coimbatore Long, Pusa Do Mausmi, Pusa 
Vishesh, Punjab-14, Kalyanpur Baramasi, 
CO-1, CO-2 

Cucumber Swarna Ageti (CHC-2), S. 
Sheetal (CH-20), Pant 
Khira-1 (PCUC-28) 

Japanese Long Green, Straight-8, Pusa 
Uday, Himangi, Phule Subhangi,  Swarna 
Poorna, Sheetal, CO-1, Pant 
Parthenocarpic Khira-1, Pant 
Parthenocarpic Khira-2 

Ridge gourd S. Manjari (CHRG-1), 
PRG-7, Arka sumeet 
(IIHR-7) 

Swarna Uphar, Co-1, Co-2, PKM-1, Arka 
Sujat, Pusa Nasdar, Pusa Nutan, Punjab 
Sadabahar, Haritham, Hisar Kalitori, 
GJRGH-1, Gujrat Anand Ridge Gourd-1, 
Pant Torai-1 

Sponge gourd Pusa Chikni, CHSG-1, 
JSGL 

Pusa Sneha, Pusa Supriya, PSG-9, 
Rajendra Nenua-1, Azad Torai-1, Azad 
Torai-2 

Ash gourd Kashi Ujwal, Kashi 
Surbhi, KAG-1, Pusa 
Ujjwal, PAG-72 

Kashi Dhawal,  

Pointed gourd - ‘Swarna Alaukik’, ‘Swarna Rekha’, 
‘Rajendra Parwal-I’, ‘Rajendra Parwal-II’, 
‘Narendra Parwal-260’, ‘Narendra Parwal-
307’, ‘Narendra Parwal-604, Kashi Divya, 
Kashi Suphal 

Ivy gourd - Indira Kundru-05, Indira Kundru-35, Co-1, 
Kashi Bharpoor 

Longmelon - Arka Sheetal, Karnal Selection, Punjab 
Longmelon-1, Pant Kakri-1 

Roundmelon - Arka Tinda, Hisar Tinda (HT-10) 

Snapmelon - Pusa Shandar 

Hybrids 

Cucumber Pant Sankar Khira-1, 
PCUCH-3, Hybrid No.-

Pusa Sanyog, AAUC-1, AAUC-2 

potential and consumer’s preference. As a result of multi-location testing under AllIndia Coordinated Vegetable Improvement Project, 18 improved varieties in 5indigenous cucurbits have been identified and recommended for cultivation andrelease in various agro-climatic regions of the country (Table 7) (Rai et al., 2004, Raiet al., 2007). Four indigenous cucurbits are not included in multilocation testing ofAICRP-VC. Hence, varieties of these crops have been recommended by states of therespective Institute/University (Table 7).
Table 7. List of the open pollinated varieties/hybrids released in India.



38 Indigenous cucurbits are highly susceptible to several biotic and abioticstresses. Resistance sources are generally present in landraces and wild relatives.Resistance to downy mildew (Pseudopernospora cubensis) is reported in snapmelon(Cucumis melo var. momordica), resistance to fruit fly is reported in Cucumis callosus.Most of the resistant varieties in cucurbits have been developed by simple selection.Varieties of bitter gourd (MDU-1) and ridge gourd (PKM-1) have been developedthrough mutation breeding.Pointed gourd, ivy gourd and sweet gourd are vegetatively propagated.Therefore, plants derived from a single clone are genetically identical andphenotypically uniform, and also heterozygosity is maintained through clonalpropagation. The most important step in clonal selection is creation of variability byassemblage of wide range of clones from different sources. Seedless pointed gourd isselected from a population as clonal selection at IIVR, Varanasi.
1. Breeding trends in indigenous cucurbitsBreeding of cucurbits has to address and satisfy the needs of both theconsumer and the grower. The general objectives for growers are good yield, diseaseand pest resistance, uniformity, and tolerance to abiotic stresses. Objectives forconsumers are quality, appearance, shelf life, taste, and nutritional value. Quality invegetable crops, in contrast to field crops, is often more important than yield. Thus,colour, appearance, taste, and shape are usually more important than productivity.For example in India, cucumber breeding programme is concentrated only on slicingcucumber with objective of high yield, quality and resistance. Breeding work onparthenocarpic cucumber (controlled by single dominant gene with many modifiers)with gynoecious sex expression is initiated at GBPAUT, Pantnagar and IIVR, Varanasifor protected cultivation. The major colour segment in cucumber is light green,green, dark green and creamy skin. Several varieties and hybrids have been developedin slicing cucumber for commercial cultivation.In bitter gourd, fruit shape is main segment of variation. Four type of fruitshapes are found in bitter gourd i.e.; a) large fusiform fruits pointed at both enddominated with triangular tubercles, b) small spindle shape, c) cone shaped, length 9-12 cm with dark green rind having prominent tubercles and  d) Chinese long fruited(30-60 cm) with smooth ridge, light green skin colour. Gynoeciuous line (INGR03037) has been developed and efforts are being made to utilize this line fordevelopment of better F1 hybrids. Fruit fly and potty viruses are becoming limitingfactors for bitter gourd production. This invites initiation of a breeding programmeto develop few resistant varieties/hybrids.Considering the importance of ash gourd in diet as good source of nutrition,medicinal properties and importance in petha industry, it is need of the hour todevelop new varieties with better traits. For petha preparation big size (10-15 kg)oval to cylindrical fruits are required, while for household consumption smallcylindrical fruits (1-2 kg) without ash are in demand. Breeding for seedless, or fruits



39with less seeds may be the focus of present research as seedless fruits are easy forprocessing in petha industry.In ridge gourd and sponge gourd major emphasis should be given to developsmall cylindrical fruits having sequential fruiting habit (bearing on each node). Thehermaphrodite ridge gourd may be utilized for developing ridge gourd and spongegourd with sequential fruiting genotypes. These cultivars should be resistance todowney mildew, powdery mildew and viruses.Genetic improvement to increase levels of specific micronutrients has beenpursued in longmelon. The yield and nutritional content of long melon has beenincreased significantly by exploiting intraspecific genetic variation of geneticallydiverse melons. Inbred long melon ‘Punjab Long melon 1’ (PLM1) was hybridizedwith five genetically diverse inbred melons: KP 7 (var. momordica), AM 72 (var.
acidulus), ‘Arya 1’ (var. chate), 04-02 (var. tibish) and ‘Punjab Wanga’ (Cucumis melovar. melo). The parents and hybrids were evaluated at three locations for nine traits.Hybrids PLM1 x 04-02 and PLM1 x ‘Punjab Wanga’ exhibited significant heterosisfor the number of marketable fruits per plant, ascorbic acid and carotenoid contentsof marketable fruits (Pandey et al. 2010). Sanpmelon is available in the Indian marketsfor about five months in the rainy season and are utilized by poor and middle classconsumers. Mineral and vitamin rich varieties would be important supplements tothe nutritional needs of these consumers. Carotenoids in mature fruits of snapmelonaccessions ranged from 34.7 to 308.2 mg/100 g. Ascorbic acid was more in thesnapmelon landraces from northern India (up to 34.1 mg/100g) as compared to theaccessions from eastern India (up to 19.4mg/100g (Dhillon et al. 2012).The germplasm of ivy gourd, sweet gourd, snake gourd, roundmelon andpointed gourd should be characterized properly and promising accessions shouldbe recommended for cultivation. The availability of quality planting material is veryimportant for popularization of ivy gourd, pointed gourd and sweet gourd as theyare vegetatively propagated.
2. Advanced production technologiesProduction of cucurbits can be maximized by using high yielding cultivars,early production through nursery management, protected cultivation, optimum useof fertilizers and insect pest management.
Nursery managementDirect sowing of cucurbit seeds in the field increases the cost of cultivationdue to more seed rate, uneven germination and delays in fruiting. Nursery can begrown in 1-2 inch diameter pro-trays using sterile cocopit growing medium. Theseplug trays should be kept under poly or net house. Before sowing the seeds, thegrowing media should be watered and allowed to dry for 24 hrs. Solution of urea(4g/liter) is applied 2 times in a week to the growing seedlings. Usually seedlingswill be ready for transplanting in 18-20 days after sowing. Hardening of seedlingsunder open sunlight should be done for 2-3 days before transplanting.



40 Use of mulch and fertigationHealthy cucurbit crops are grown by using polythene mulch and dripirrigation. Fertilizers are given with help of drip irrigation. This insures uniformapplication of fertilizer and water near root biosphere. Critical stages when moisturestress is more critical are (a) at transplanting, b) early flowering stage and c) fruitdevelopment stage. Moisture stress at flowering stage results poor fruit set andbitterness of fruits in ridge gourd. Moisture stress during fruit development greatlyreduced fruit size. Black polythene mulch should be used during winter season (lowtemperature) whereas reflective mulch is used during summer (high temperature).Reflective mulch also repels aphids and jassids. The use of mulch reduces the weedinfestation; increase water and nutrient use efficiency and reduce fruit rotting. About40-80% higher marketable yield has been reported in mulch and fertigation culturein cucurbits as compared to without much and drip irrigation.
Bower system for growing cucurbits and high density plantingGenerally farmers grow cucurbits on ground in open field. Training ofcucurbits on bower facilitates easy pest management, uniform fruit shape, colour,increase harvesting efficiency and yield. Since cucurbit crops are vine in nature,they bear more number of fruits for longer period on supporting structures. It hasbeen observed that if vines are allowed on the ground, nearly 25-30% less yield hasbeen recorded and 8-10% fruits become unmarketable due to misshaping anddiscoloration. The planting distance of cucurbits can be reduced and plant populationper unit area increased by training of plants on bower system. Pruning of trainedplants is essential to achieve a balance between vine growth and fruit set. In cucumber,single stem is allowed to grow with 2-3 fruiting branches, which increases the numberof marketable fruits.
Use of pollinatorsHoney bee is main pollination agent in cucurbits grown in protected or openfield conditions. Generally 3 bee hives are required per acre in cucurbits for properpollination. For better fruit formation, 81 bee visits per flowers are required. Farmersshould use pesticides very judicially and only if necessary, pesticides should be appliedin the evening. In cucumber misshapen fruit are found due to lack of pollination.Increased fruit set (15-20%) has been recorded with the use of 3 bee hives per acre.
Protected cultivation of cucurbitsProtected cultivation is providing opportunities for improving productivityby reducing climatic extremes (temperature, rainfall, pest incursion) in hot and coolareas. The National Horticulture Board provides financial support for developingprotected cultivation infrastructure. Although systems are expensive, yield increases



41of up to 300 % for high value high quality produce offset costs (Hort WG, 2007).Walk-in tunnels (including low-cost structures) have been evaluated for off-seasoncucurbits and seedling production.  Insect-proof houses are also being used to reducepest levels, pesticide use and virus incursions. Parthenocarpic cucumber productionunder controlled condition gives very high yield with quality fruit.
3. ConclusionThe main goal of research on indigenous cucurbit crops in India is to improveproductivity on sustainable basis. The breeding programme should shift towardsdevelopment of biotic and abiotic resistant varieties/hybrids coupled with qualityattributes. Cucurbit breeding strategy and targets are dependent on market trends.Successful breeder anticipates changes in the market by developing new cultivarsthat are ready to be released to the growers when their demand increases. The yieldpotential of cucurbits could be increased by adopting standard agro-techniques andplant protection measures. Considering growing concerns about residue freevegetables and export of fresh/canned vegetables, it has become imperative to shiftto IPM-based plant protection measures. Research is urgently needed to resolveissues such as the development of drought tolerant varieties, management of cropsunder water deficits, dealing with increased salinity, and use of low quality water.In general, productivity is major criteria to get maximum return but like othervegetable crops, quality and availability of the produce during lean periods are alsoequally important to fetch better price in the markets. Therefore, development ofhybrids/varieties with better adaptability under off-season should be undertaken.Further, in order to reduce cost of hybrid seeds, it would be appropriate to utilize theavailable genetic mechanisms for hybrid seed production. In this regard, developmentof high frequency pistillate/gynoecious lines is advocated. For developing multiplebiotic stress resistant lines, validation of already available molecular markers withestablished linkages may be tested in order to examine their feasible use in breedingprogrammes for developing superior parental lines.
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Preamble and DistributionThe family Tephritidae consists of over 4000 species, of which nearly 700 speciesbelong to Dacine fruit flies (Fletcher, 1987), of which 250 species are of economicimportance. These are distributed widely in the temperate, sub-tropical, and tropicalregions of the world (Christenson and Foote, 1960).The first report on melon fruit flies was published by Bezzi (1913), wholisted 39 species from India. Bactrocera cucurbitae belongs to the subgenusZeugodacus Hendel, a group whose members have a strong preference for attackingCucurbitaceae (White and Elson-Harris 1994). Fruit fly species which attach cucurbitsare Bactrocera cucurbitae, B. tau, B. caudatus, Dacus ciliatus, B. cucumis, B.
cucuminatus, Anastrepha grandis,  B. diversa, B. expandens, B. scutellaris, B. munda,
B. scutellata, Dacus solomonensis, D. bivittatus, D. demmerezi, D. punctatofrons, D.
frontalis, D. lounsburyii and D. vertebratua (Cavalloro, 1983; Drew and Hooper, 1983;Munro, 1984; Fletcher, 1987).The melon fly Bactrocera cucurbitae (Coquillett) is a major, highlypolyphagous, agricultural pest abundant throughout the African continent, the islandsof Indian Ocean, Asia (including India), New Guinea, the Mariana Islands and Hawaii.This species attacks more than 125 plants including commercial crops such aspumpkin, cantaloupe, watermelon, squash, gourd, cucumber, tomato, eggplant andbean as well as soft fruits such as mango, orange, papaya and peach. The melon fruitfly is distributed all over the world, but India is considered as its native home. It wasdiscovered in Solomon Islands in 1984, and is now widespread in all the provinces,except Makira, Rennell-Bellona and Temotu (Eta, 1985). Although the economicimportance of B. cucurbitae is well documented, its large-scale (i.e. inter-regional)patterns of genetic structuring are poorly known.The proportions of inter-regional assignments and the higher values ofgenetic diversity in populations from Pakistan, India and Bangladesh suggest that B.
cucurbitae originated in Central Asia and expanded its range to East Asia and Hawaiion one hand and to Africa and the islands of the Indian Ocean on the other. A numberof outliers (10-19 specimens according to different clustering algorithms) show



44 high levels of admixture (Q>0.70) with populations from different regions and revealcomplex patterns of inter-regional gene flow (Massimiliano et al., 2010).
The melon fruit fly-biology, damage, quarantine, managementAmongst the above fruit flies, the Melon fruit fly, Bactrocera cucurbitae is amajor threat to cucurbits (Shah et al., 1948). The fruit fly attacks the ultimateeconomic part, i.e. fruits of the crop that alone can inflict yield loss in differentcucurbitaceous vegetables ranging from 30- 100% depending upon cucurbit speciesand the season (Dhillon et al., 2005a & b). For cucurbits, especially bitter gourd,
Momordica charantia Linn., the melon fruit fly damage is the major limiting factor inobtaining good quality fruits and high yield (Srinivasan, 1959; Lall and Singh, 1969;Mote, 1975; Rabindranath and Pillai, 1986). It prefers young, green, and tender fruitsfor egg laying. The females lay the eggs 2 to 4 mm deep in the fruit pulp, and themaggots feed inside the developing fruits. At times, the eggs are also laid in the corollaof the flower, and the maggots feed on the flowers.It also poses major threat to global trade, since many countries have invokedrestrictions to minimize the risk of establishment of exotic species. Maggots feedinside the fruits, but at times, also feed on flowers, and stems. Generally, the femalesprefer to lay the eggs in soft tender fruit tissues by piercing them with the ovipositor.A watery fluid oozes from the puncture, which becomes slightly concave withseepage of fluid, and transforms into a brown resinous deposit. Sometimes pseudo-punctures (punctures without eggs) have also been observed on the fruit skin. Thisreduces the market value of the produce. In Hawaii, pumpkin and squash are heavilydamaged even before fruit set.The eggs are laid into unopened flowers, and the larvae successfully developin the taproots, stems, and leaf stalks (Weems and Heppner, 2001). Miyatake et
al.(1993) reported < 1% damage by pseudo-punctures by the sterile females incucumber, sponge gourd and bitter gourd. After egg hatching, the maggots bore intothe pulp tissue and make the feeding galleries. The fruit subsequently rots or becomesdistorted. Young larvae leave the necrotic region and move to healthy tissue, wherethey often introduce various pathogens and hasten fruit decomposition.
Extent of crop loss

Bactrocera cucurbitae attacks different species of cucurbits, affecting internaland export markets (Verghese et al., 2005). The extent of losses varies between 30 to100%, depending on the cucurbit species and the season. Fruit infestation by melonfruit fly in bitter gourd has been reported to vary from 41 to 89% (Lall and Singh,1969; Narayanan and Batra, 1960; Rabindranath and Pillai, 1986). The melon fruitfly has been reported to infest 95% of bitter gourd fruits in Papua (New Guinea),and 90% snake gourd and 60 to 87% pumpkin fruits in Solomon Islands(Hollingsworth et al., 1997). Singh et al. (2000) reported 31.27% damage on bittergourd and 28.55% on watermelon in India.



45In La Réunion, cucurbit crops suffer considerable damage due to fruit flyattacks. A complex of three species (The Melon fly, Bactrocera cucurbitae, TheEthiopian fly, Dacus ciliatus, and the Indian Ocean fruit fly, Dacus demmerezi) coexistin the island and can infest 16 different species of Cucurbitaceae. It seems that, in thecomplex of Dacini attacking cucurbits, the species do not have the same strategyregarding intraspecific competition. The larvae of B. cucurbitae are able to shareresources and maintain a good survivorship finally giving more adults with lowweight. Conversely, in D. demmerezi larval survivorship is decreased but the pupalweight of survivors remains high. Further studies will be needed on larvalinterspecific competition in this complex of fruit flies, in order to understand theperformance of each species in situations of co-infestation (Kumar et al., 2006).
Quarantine ImportanceTephritid fruit flies are the most destructive insect pests of horticulturalcrops worldwide. To prevent the invasion of exotic tephritids, many countries setstrict regulation on the quarantine inspection for imported fruits and vegetables. Amethod for rapid identification of the species of intercepted pests, which are mostat their larval or even egg stages, are required to enhance the efficiency and qualityof quarantine inspection and service. Fruit fly pest risk analysis and pest free areasare vital in coming years to ensure sustained import/ export of vegetables. The importand export of infested plant material from one area or country to other non-infestedplaces is the major mode of the spread of insect-pests. The spread of the melon flycan be blocked through tight quarantine and treatment of fruits at the import/exportports. Cold treatment at 1.1 ± 0.6° C for 12 days disinfested Hawaiian starfruit, Averrhoa
carambola, of tephritid eggs and larvae (Armstrong et al., 1995). Heat treatment ofavocado fruits infested with eggs and larvae of B. cucurbitae for 40° C for 24 hreduced the estimated surviving population by 99.5 to 100% (Yang, 1994). Importcontrols carried out in airports in France since 1993 on tropical fruits have revealedthe presence of 12 non-European and one European species of Tephritidae, (Bayart
et al., 1997).
Integrated Pest Management of Fruit Fly in CucurbitsFrom 2001 to 2005 a major fruit fly management programme was initiatedby ICAR in collaboration with Imperial College London, UK, under DFID grant withIIHR, Bangalore as the national coordinating centre. Management of fruit fly studieswas conducted at Bhubaneshwar (Orissa), Trivandrum and Trichur (Kerala), Ponda(Goa), Anand and S. K. Nagar (Gujarat) and Varanasi (U.P). The crops included diversecucurbits like bitter gourd, small gourd, ridge gourd, pumpkins etc. The strategy wasto develop residue free and economically viable integrated pest management for thefruit fly, B. cucurbitae. These strategies included evaluation of different baits likejaggery, banana pulp, visual colour traps and male annihilation technique (MAT)



46 through the use of cue-lure traps. The study involved standardizing the quantum ofbaits/MAT and their frequency to obtain desired controls.
Field sanitationThe most effective method in melon fruit fly management uses primarycomponent- field sanitation. To break the reproduction cycle and population increase,growers need to remove all unharvested fruits or vegetables from a field by completelyburying them deep into the soil. Burying damaged fruits 0.46 m deep in the soilprevents adult fly eclosion and reduces
Bait Application Technique (BAT)This consists of bait sprays sprayed as splashes in non-target areas likeunderside of leaves avoiding the fruits. The baits include jaggery or squashed ripebanana or a mixture of these two at 10% concentration in water. For every litre ofthis mixture, 2-5ml of malathion 50EC is to be added. These are applied in 200spots/Ha at a rate of 40ml/spot (approximately 8L/Ha) to the undersides of leaves withsprayers or splash with a fine brush. Fruit flies attracted to these spots are killed.Here the fruits are free of spray and will be free of all residues (Verghese, 2005).The attraction of food baits to melon flies was assessed in laboratory cages.100g of banana was significantly superior to a mixture of 50g banana with 50gjaggery, 100ml of protein hydrolysate and 100g of jaggery. Eight food baits andmixtures to attract and kill melonflies were assessed in two experiments in thelaboratory. Banana was significantly superior to pumpkin though not to molasses.Field traps containing protein hydrolysate at different strengths caught more flies,with a larger dose, in a smaller ratio than that between concentrations, indicating adiminishing return to increases in concentration. In the protection of bitter gourdfrom fruit flies in field plots, jaggery significantly superior to protein hydrolysateand to banana; this ranking was consistent among data obtained as trap catches,reductions in infestation and yield. As the assessment value proceeded from theassessment of insect abundance to the assessment of economic returns, the p-valuesdeclined (Satpathy et al., 2005).For the sustainable adoption of technology, it must be at least the equal of anyexisting, convenient and established competitor, and IPM of Tephritid fruit fliesmust be the equal of conventional high volume cover sprays if it is to be acceptableto farmers. Two experiments assessed the protection of cucurbits from melon fliesby cue-lure male annihilation (MAT) and by bait application (BAT) in a 2x2 factorialdesign, In snake gourd near Thiruvananthapuram, inferred percentage reductionsin infestation, relative to the untreated controls, were significant, of 51% by MAT,61% by BAT and -80% by interaction between them. In pumpkin nearSardarkrushinagar, MAT and BAT obtained improvements of, respectively, 29% and26% in harvested mass and 45% and 44% in percentage infestation; interactionbetween MAT and BAT was negative but not significant. The two treatments exerted



47significant control individually but in combination they interacted to obtain acontrol”less than the sum of its parts (Stonehouse et al., 2005).
Coloured spheresFruit flies often locate oviposition sites in fruit by sight, using shape andcolour to orient themselves, and are known to be attracted to spheres of differentcolours, presumed to resemble fruits, as sites for either oviposition, feeding or courtingmates. It is assumed that some colours are more attractive than others, presumed toresemble fruits at more attractive stages of development, and that this attractionmay be exploited to create or augment points of attraction for control purposes.Whether some colours are preferred more strongly than others may give someindication of at which stage or stages host fruit are most vulnerable, and of whethercolour and shape may be a useful component of controls based on attraction. Somerole in monitoring, if not control, may be played by coloured traps which mimic ripefruit. B. correcta is more readily attracted to yellow and orange targets than to red,green, white, violet or blue.The attraction of tephritid fruit flies (mostly of melon flies) to colouredplastic balls was assessed in fields in different parts of India. Near Thrissur melonfruit flies were attracted to yellow, green and red; those near Thiruvananthapuramwere attracted to yellow significantly more than green and pink; those nearBhubaneswar were attracted to green and pink but not orange; those near Anandwere attracted to pink, red and green. Bactrocera species near Sardarkrushinagarwere attracted significantly more to balls of increasing redness along the scale yellow-orange-red. Flies near Thiruvananthapuram were attracted, in rank order, most toorange, then yellow, violet, green, red and blue, and to balls of 8cm diametersignificantly more than of 6cm, but numbers attracted to balls at 1.35m height didnot significantly differ from those at 1.2m. Overall, flies were attracted to an increasingscale of redness with a peak at yellow/orange rather than red itself (Jiji et al., 2005).
Monitoring and control with parapheromone lures/cue-lure traps.The principal of this particular technique is the denial of resources neededfor laying by female flies such as protein food (protein bait control) orparapheromone lures that eliminate males. There is a positive correlation betweencue-lure trap catches and weather conditions such as minimum temperature, rainfall,and minimum humidity. The sex attractant cue-lure traps are more effective than thefood attractant tephritlure traps for monitoring the B. cucurbitae in bitter gourd.
Male Annihilation Technique (MAT)This consists of the use of cue-lure soaked in plywood (5x5cm squares ofplywood of approximately 1.2cm thickness), soaked for 48 hours in a solution of6:4:1 V:V:V ethanol:cue-lure:malathion (Stonehouse et al., 2005). These blocks arehung from pandals or stakes, at a density of 10/Ha. These are installed just below the



48 level of the crop leaf canopy. Male fruit flies are attracted to these and killed. Theseindividual blocks can also be placed in bottles with vents (Verghese et al., 2005).
Additional Recommendations for the Use of MAT BlocksOnce prepared, blocks have short shelf lives, and fresh blocks should bemade for each deployment. Blocks deteriorate in rain, particularly if steady andprolonged, and benefit by being protected from it (for example in bottle traps seeVerghese et al., 2006).In MAT blocks, higher-volatility insecticides such as DDVP may obtain moreeffective kill than lower-volatility insecticides such as malathion, but may have lowerpersistence, particularly in the rain. MAT blocks do not need to be in traps to work,though these often give information and reassurance to farmers. If traps are used,catch may be enhanced if these are coloured yellow. Blocks may be made ofconcentrated ingredients dripped onto absorbent composite substrates such as “strawboard” or “soft board” or soaked into harder woods with a solvent. Plywood is asuitable wood in the latter case; ethanol and ether as solvents are better than mostpractical alternatives.For making lure-and-insecticide MAT blocks, the liquid may be soaked inethanol solvent into plywood or dripped onto strawboard or soft board.  As long aslabour resources and weather permit, water traps, while of low persistence, arevery effective at providing a “short sharp burst” of killing power, and may be themost cost-effective use of lure if traps can be maintained and replaced sufficientlyfrequently.Ethanol can be dispensed with by applying 1ml of cue-lure and 1ml ofdichlorovos (insecticide) directly to the plywood before placement in field.  Theserecommendations are also relevant to gherkins, which is a major export crop ofIndia.
Biological controlThere are no reports on the successful use of bio-control agents against themelon fruit fly. Srinivasan (1994) reported Opius fletcheri Silv. to be a dominantparasitoid of   B. cucurbitae, but the efficacy of this parasitoid has not been testedunder field conditions in India. The parasitization of B. cucurbitae by O. flatcheri hasbeen reported to vary from 0.2 to 1.9% in M. charantia fields in Honolulu at Hawaii(Wong et al., 1989). Similar level of parasitization (<3%) was also reported fromnorthern India by Nishida (1963). However, Willard (1920), Newell et al. (1952),and Nishida (1955) have reported parasitization at levels of 80, 44, and 37%,respectively, from Hawaii. Thus, there is a need to reevaluate the parasitizationpotential of O. flatcheri before its exploitation as biocontrol agent for the managementof B. cucurbitae. More recently, a new parasitoid, Fopius arisanus has also beenincluded in the IPM program of B. cucurbitae at Hawaii (Wood, 2001).



49A Mexican strain of the nematode, Steinernema carpocapsae Weiser(Neoaplectana carpocapsae), has been reported to cause 0 to 86% mortality tomelon fruit fly after an exposure of 6 days to 5000 to 5,000,000 nematodes/cup inthe laboratory, and an average of 87.1% mortality under field conditions when appliedat 500 infective juveniles/cm2 soil (Lindegren, 1990). Sinha (1997) reported thatculture filterate of the fungus, Rhizoctonia solani Kuhn, to be an effective bio-agentagainst B. cucurbitae larvae. While, the fungus, Gliocladium virens Origen, has beenreported to be an effective against B. cucurbitae (Sinha and Singh 1998). Culturefiltrates of the fungi R. solani, Trichoderma viridae Pers., and        G. virens affected theoviposition and development of B. cucurbitae adversely (Sinha and Saxena, 1999).
Chemical ControlChemical control of the melon fruit fly is relatively ineffective. However,insecticides such as malathion, dichlorvos, phosphamidon, and endosulfan aremoderately effective against the melon fly (Agarwal et al., 1987). Bhatnagar andYadava (1992) reported malathion (0.5%) to be more effective than carbaryl (0.2%)and quinalphos (0.2%) on bottle gourd, sponge gourd, and ridge gourd. Theapplication of molasses + malathion (Limithion 50 EC) and water in the ratio of 1:0.1: 100 provides good control of melon fly. Application of either 0.05% fenthion or0.1% carbaryl at 50% appearance of male flowers, and again at 3 days afterfertilization is helpful in reducing the melon fly damage. Gupta and Verma (1982)reported that fenitrothion (0.025%) in combination with protein hydrolysate(0.25%) reduced fruit fly damage to 8.7 % as compared to 43.3 % damage in untreatedcontrol. Application of carbofuran granules at 1.5 kg a.i./ ha at the time of sowing,vining, and flowering gave 83.35% protection to bitter gourd against B. cucurbitae(Thomas and Jacob, 1990). Dicrotophos (at 600g a.i.) and trichlorfon (at 1920g a.i./ha) has been found to give good control of B. cucurbitae in muskmelon (Chughtaiand Baloch, 1988).Formathion is more effective than trichlorfon (Talpur et al., 1994).Diflubenzuron has also been reported to be effective in controlling the melon fly(Mishra and Singh, 1999). Reddy (1997) reported triazophos to be the most effectiveinsecticide against this pest on bitter gourd. Highest yield and lowest damage wereobserved in pumpkin when treated with carbofuran at 1.5 kg a.i./ ha at 15 days aftergermination (Borah, 1998). An extract of   Acorus calamus (0.15%) reduced theadult longevity from 119.2 days to 26.6 days when fed continuously with sugarmixed with extract (at 1 ml/g sugar) (Nair and Thomas, 1999). Neem oil (1.2 %) andneem cake (4.0 %) have also been reported to be as effective as dichlorvos (0.2 %),(Ranganath et al., 1997).
Sterile insect techniqueIn this technique, sterile males are released in the fields for mating with thewild females. Sterilization is accomplished through irradiation, chemo-sterilization,or by genetic manipulation. In sterile insect programs the terms ‘sterility’ or sterile



50 insect’ refer to the transmission of dominant lethal mutations that kill the progeny.The females either do not lay eggs or lay sterile eggs. The use of male-sterile and maleannihilation techniques has successfully eradicated the melon fly from Japan forover 24 years (Shiga, 1992; Liu, 1993). However, the suppression of B. cucurbitaereproduction through male annihilation with cue-lure may be problematic.Matsui et al. (1990) reported that no wild tephritids were caught with cue-lure traps after intensification of distribution of cue-lure strings, but the matingrates of mature females did not decrease as compared to those on control islands.Conventional sterilization based on ionizing radiation causes chromosomefragmentation without centromeres, where the chromosome fragments will not betransmitted correctly to the progeny, and can have adverse effects on viability andsperm quality, resulting in reduced competitiveness of sterilized individuals (Hooperand Katiyar, 1971).
Dacus ciliatus and Bactrocera cucurbitae complexAmong the cucurbit fruit fly species, melon fly, Bactrocera cucurbitae andlesser pumpkin fruit fly, Dacus ciliatus Loew are the most destructive insect pests oncucurbits Pumpkin fruit fly is one of the several fruit flies found in Africa and Asia,which could become serious pests throughout in large part of Africa and India.Although Pumpkin fruit fly is not serious as the melon fly, in areas where both speciesoccur, heavy infestations of cucurbits by D. ciliatus have been reported in Egypt andin (Shah et al., 1948).The lesser pumpkin fly, D. ciliatus infests a few cucurbits in theAsian sub-continent and parts of Africa. While extensive work on seasonality,infestation percent, host preference, attraction to parapheromone has been reportedfor melon fly, very little is reported for another fruit fly species D. ciliatus. SouthAfrica. Several studies have been devoted to their bio ecology and management(Deguine et al., 2012). D. ciliatus was first reported in India in 1914 and was firstcollected from Upper-Egypt, in February 1953. D. ciliatus was trapped with B.
cucurbitae in cue lure traps but in small numbers (Kumar et al., 2006).In India, this species generally infests a large number of melons and wildcucurbits to a relatively lesser extent though, in patches serious damage is reported(Bhatia 1939, Viraktamath et. al., 2003). D. ciliatus is relatively smaller than B.
cucurbitae, orange in with facial spots. Costal band in the wing is apically expandedto form a small apical spot and a basal oblique spot. Abdomen has two black spotsespecially in females (White and Elson-Harris, 1992). The proportion of D. ciliatuscompared to B. cucurbitae was high in north Karnataka. The mean percentage of B.
cucurbitae and D. ciliatus was 96.68% and 3.32% in infested cucurbit fruits fromsouth Karnataka whereas 46.35% and 53.64 % in north Karnataka (Subhash et al.,2013). Dacus ciliatus adults are not attracted to parapheromones like cue lure ormethyl eugenol (White and Elson- Harris, 1994). Therefore it’s difficult to monitorthem through cue lure traps and alternative control measure has to be taken.



51Fruit fly research in some parts of the world focuses on the quarantine riskthat the alien species may pose and the means of eradicating outbreaks if they occur.However, in South Asia, especially India a major concern is the optimum control ofestablished integrated pest management (IPM). The control of fruit flies isparticularly difficult on small orchard and vegetable plots because of the constantimmigration of flies from nearby areas. Fruit fly IPM in India, as in most parts of theworld, requires an area-wide approach, organizing groups of growers to reduce theoverall fly population in the respective area. Well organized fruit and vegetablegrowers can achieve high levels of control with practices that are safe to themselvesand the consumers of their produce, and obtain good yields of healthy commodityand consequently realize higher prices. The principle of area-wide control requiresappropriate measures like male annihilation traps (MAT) along with sanitation andbaits. Transfer of technology based on the outcome of an ICAR-DFID programme(IMFFI) showed that fruit fly control in cucurbits was a success story, conducted atmultilocations in the country and at several other countries.
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56 Plant genetic resources of cucurbitaceous crops
of Indian sub-continent: Potential thrust areas

for their scientific management

I.S. Bisht
Principal Scientist & Professor

National Bureau of Plant Genetic Resources,
Pusa Campus, New Delhi-110 012Cucurbitaceae or the gourd family comprises approximately 125 genera and 960species, grown around the tropics and in temperate areas. The family perhapshas the highest number and percentage of species consumed as human food both inOld and New World. The Indian Gene Centre has rich genetic diversity in ridge gourd(Luffaa cutangula), bottle gourd (Lagenaria ciceraria), bitter gourd (Momordic

acharantia), ash gourd (Benincasa hispida), snake gourd (Trischosanthes anguina),pointed gourd (T. dioica), pumpkin (Cucurbita spp.) and round gourd (Praecitrullus
vulgaris). Areas with rich genetic diversity, in India, are north-eastern region, north-western Himalayas, Western and Eastern Ghats and Indo-Gangetic plains. The tribaldominated areas in every production systems are invariably rich in genetic diversityof cucurbitaceous crops. In north-eastern region, maximum diversity occurs in
Cucurbita spp., ash gourd and bottle gourd. Diversity in Luffa is more concentrated ineastern peninsular tract. Cucumis melo and round gourd are more confined to Indo-Gengetic plains. Diversity in pointed gourd (parwal) is confined to eastern parts ofIndo-Gangetic plains i.e. parts of Uttar Pradesh, Bihar and West Bengal. Thedomesticated, semi-domesticated and wild forms of several cucurbitaceous specieswith greater diversity across Indian sub-continent include Lagenaria ciceraria (ofAfrican origin but domesticated throughout India),Coccinia cordifolia ,
Luffacylindrica, L. acutangula, L. echinata, L graveolens, L. hermaphrodita,
Momordica balsamina, M. dioica, M. cochinchinensis, Citrullus colocynthes,
Trichosanthes spp. (21 species reported in India), Cucumis sativus ssp. sativus; C.
sativus ssp. hardwickii, C. trigonus, C. hystrix, etc.Cucurbits are grown in varied agro-ecological conditions in Indian sub-continent and are rich source of biological water, and are easily digestible. Cucurbitsare rich source of nutrition such as carbohydrates, proteins, vitamin A and C, calcium,lycopene, phosphorus and potassium, beside several ethno-medicinal uses. Bittergourd is rich in vitamin C and iron, pumpkin is rich in carotene, kakrol (M. dioica) inprotein and cho-cho (Sehium edule, a native of Mexico and Guatamala but grown innorth-eastern region of India since centuries) rich in calcium.  Some cucurbits alsohave other uses, mature fruits of bottle gourds are used for making vessels and musical



57instruments; fibrous material of Luffa is used for scouring and packaging, besideornamental and medicinal uses.
Extent of diversity in cucurbitaceous vegetables in IndiaOf the 125 genera and 960 species in the world, 36 genera and 100 species arereported to occur in India including 38 endemic species. Majority of the cucurbit speciesare of tropical origin and are distributed across Indian sub-continent, eastern Himalayas,north-eastern region, Gangetic plains, Indus plains, western peninsular tract, westernHimalayas and eastern peninsular tract. Apart from cultivated forms, enormous diversityoccurs in wild and semi-domesticated forms. The semi-domesticated and wild speciesoften contribute significantly in subsistence of local inhabitants particularly in tribaland marginal areas. Beside source of specific adaptations, these species play an importantrole in local culture and livelihood as sources of nutrition and ethno-medicinal uses.Species of global importance grown in India with substantial diversity include, Citrillus
lanatus and Cucumis melo (of African origin); Cucumis sativus (of Indian origin);
Cucurbita maxima (South American origin); Cucurbita moschata, C. mixta and C. pepo(of Central Mexican origin).Cucurbit species with regional and local importance grown in Indiansubcontinent include Benincasa hispida, Citrullus colosynthis, Coccinia indica syn. C.
grandis, Lagenaria siceraria, Luffa acutanggula, L. cylindrica, Momordica charantia,
M. cochinchinensis, M. dioica, Praecitrullus fistulosus, Sechium edule, Trichosanthes
anguina syn. T. Cucumerina and T. dioica.The genus Cucumis has more than 30 species of which Cucumber (C. sativus)and melon (C. melo) are economically important. Cucumis sativus is reported tohave originated in India where its close wild relatives and progenitor species occur.Of these Cucumis sativus and to some extent C. callosus are cultivated whereas C.
sativus ssp. hardwickii (progenitor of cultivated C. sativus ssp. sativus), C. hystrix, C.
propheterum and C. setosus are wild. Melons are considered to be of African originwhere wild species with same chromosome number occur but its domesticationmay have occurred simultaneously in East Asia and Southeast Asia including India.Seven horticulturally important groups of melons have been reported to occur basedon fruit characteristics and uses.
Plant genetic resources (PGR) management of cucurbitaceous crops:  NBPGR
efforts The National Bureau of Plant genetic Resources (NBPGR), New Delhi and itsregional stations located in different agro-ecological regions of the country havemade sincere efforts to augment the diversity occurring in different cultivatedcucurbit species and available diversity have been collected. The native diversitywas also enriched with introductions from exotic sources as well including somewild species. Efforts have been made by NBPGR and other commodity institutions tocharacterize and evaluate the assembled germplasm and a number of promising



58 accessions have been identified. A few genetic stocks with unique traits have alsobeen registered. The National Genabank at NBPGR currently holds about 5000accessions of different cucurbitaceous crops, bottle gourd, ridge gourd, sponge gourd,bitter gourd, cucumber, musk melon, snap melon, water melon, round melon,pumpkin, ash gourd, pointed gourd, etc.) which are freely accessible to all bonafideresearchers of the NARS.
Status of germplasm utilizationThe cultivars in different cucurbit species have been the result of eitherdirect selection in germplasm, recombination breeding or through induced mutationsto some extent. In some crops hybrids have also been developed. Though theunadapted germplasm and wild relatives of crop species have been reported to be asource of resistance/tolerance against biotic and abiotic stresses, yet their use incrop improvement have often been limited.
Thrust areas for scientific interventionsThe thrust areas for scientific management of diversity of cucurbitaceouscrops can be as follows:• Most of the cucurbitaceous crops in diverse agroecologies are grown andconsumed by the native farmers using their traditional wisdom. A completeinventory of the existing diversity, the traditional culture and wisdom, andvalue addition prospects needs to be documented together with nutritionalcomposition of the landrace diversity.

• Several of the cucurbitaceous vegetables of local importance are grown as
backyard or kitchen garden crops and are underutilized. Traditional backyard
gardens, in all agro-ecologies, have a great diversity of these crops, well
adapted to local microclimates and requiring a minimum of purchased inputs.
The backyard gardens supplement the diet with vitamin-rich vegetables and
energy-rich vegetable staples in traditional farming. The backyard garden
may become the principal source of household food and income during periods
of stress. Experiences of gardening projects around the world illustrate the
importance of building on indigenous knowledge; reducing biophysical,
agronomic and economic constraints; integrating nutrition education and
social marketing in gardening projects; promoting the economic benefits of
gardening; understanding the roles of women and children; and working
towards an integrated food security strategy. It may also be easily linked to
on-farm conservation of crop diversity.• The NBPGR has adequately addressed the ex situ conservation of geneticdiversity in National Genebank for different cucurbitaceous crops. Morerecently, in situ (on-farm) conservation has emerged and is increasinglyrecognized as an important complement to ex situ conservation. On-farmconservation involves farmers’ continued cultivation and management of a



59diverse set of crop populations in the agroecosystem where the crop evolved,or in secondary centres of diversity. This conservation strategy depends onfarmers’ active participation because it acts on farmers’ reasons and incentivesto maintain diversity, but it is not necessarily clear how to support farmers’efforts to maintain diversity on their farms. There is a need to identify andimplement appropriate interventions based on a thorough understanding offactors that threaten crop diversity on-farm and farmers’ reasons for abandoningrather than maintaining diversity. In an advanced, industrialized economy, andin the absence of special government programmes, it may be argued that landracediversity will only be grown when they have unique qualities that urbanconsumers or export markets value, and only if these same qualities cannot beeasily transferred into modern varieties. Where genetic diversity is consideredto be important in a target area but farmers are revealed to have few social,cultural or market-based incentives to maintain it, then specific publicly fundedinitiatives may be needed. Economists generally believe that these forms ofinterventions are more “costly” to society than market-based incentives.• As interest is increasing worldwide in on-farm conservation as a componentof a strategy to conserve crop genetic resources, this may require outsidesupport to small-scale farmers in areas of crop diversity. It has been arguedthat crop diversity maintained by farming households results from the interplaybetween a demand and a supply for this diversity. Interventions to support onfarm conservation can be conceptualized by the way they influence thesetwo factors. Demand interventions should increase the value of crop diversityfor farmers or decrease the farm-level opportunity costs of maintaining it,while supply interventions should decrease the costs of accessing diversity.• Cucurbit species of global or regional importance can be grown as componentof crop diversification in cropping patterns. Reversal of post-harvest lossesand value addition in food products can also be integrated. Cucurbits holdpromise as supplementary food for the common masses.• Basic researches on domestication, systematics, and molecular phylogeny ofnative taxa, particularly Cucumis complex, are another potential area requiringadequate scientific interventions.• In situ (on-farm) management of crop wild relatives needs to be addressed andpre-breeding initiatives needs to be strengthened. Many of the wild taxa in
Cucumis complex and other native taxa has great potential to be exploited formany of the desired yield related traits and sources of biotic and abiotic stresses.Biotechnological tools can be used to overcome crossability barriers forenhanced utilization of wild genepool.• Registration of unique diversity, awarding/rewarding the custodian farmersand other measures of IPR protection of native farmers will also add value tocucurbit species diversity occurring in production landscapes.





60 Post-Harvest management and value addition of cucurbits

C.K. Narayana and D.V. Sudhakar Rao
Division of Post-Harvest Technology

Indian Institute of Horticultural Technology, Bangalore-560 089.Cucurbits are found throughout the tropics and subtropics of Africa, southeasternAsia, and the Americas. Though history of their domestication and usage arepoorly documented, references made in literature indicate existence of one or theother of them in all the regions. Anecdotes indicate use of cucurbits as medicineprescribed during the period of Indo-Aryan civilization. In Ayurveda, the vedic text,Ash gourd (Winter Melon) is referred to as ‘Kushmandam’ and there are manymedicinal formulations prescribed for various ailments either as prophylactic ortherapeutic treatment. It is also used in various spiritual practices (pujas) in Hindureligious ceremonies (Atharva-veda). Over the period of time with criss-crossing oftravellers all over the world, today we find large number of cucurbits grown all overthe country.Cucurbitaceous vegetables consists of cucumbers, melons (musk melon andwater melon), Cantaloupes, pumpkin, squashes (summer squash, winter squash),gourds (bitter gourd, bottle gourd, ridge gourd, sponge gourd, snake gourd, spinegourd, pointed gourd, Ivy gourd , ash gourd), chow chow, etc., and are highly perishableas they contain more than 90% water. They are also easily prone to mechanicaldamage during harvesting, handling, transportation and marketing leading to postharvest losses. The major post-harvest problem in these crops is moisture lossresulting in shrivelling, wilting and desiccation contributing to economic losses.Generally cucurbit fruits mature fast after fruit set. Fruits reach ediblematurity within a week to 10 days in case of cucumber (pickling type), long melon,bitter gourd, summer squash, tinda. In ridge gourd, sponge gourd, bottle gourd, snakegourd, pointed gourd, etc. picking of fruits can be done in about 15-20 days after fruitset. However, fruits like musk melon and water melon require 30 to 40 days to reachfull maturity.
Cucumber: Cucumber fruit should be harvested at an immature stage, nearfull size but before the seeds are fully enlarged and become hard. The two mainexternal indices of harvest maturity are fruit size and skin colour. The main internalindices of harvest maturity are seed development, locular jelly formation, and fleshtexture. Fresh market slicing cucumbers should be at least 15 cm (6 in) long and firmto the touch. The peel should be a uniform dark to light green colour when harvested.The fruit should not be allowed to turn yellow as they are over-mature at this stage,and fruits turn leathery in texture and bitter in taste. At proper harvest maturity, ajelly-like material will be formed in the seed cavity.



61The optimum temperature for storage of cucumber is 10-13°C with 90-95%RH. Storage life of cucumber is generally less than 14 days as visual and sensoryquality deteriorates rapidly. Shrivelling, yellowing, and decay are likely to increasefollowing storage beyond two weeks, especially after removal to ambient conditions.Cucumbers are susceptible to chilling injury below a storage temperature of 10oC.Cucumbers in India are mostly grown for salad purpose, while gherkins areexported. Gherkins used for pickling, are harvested when they attain 2 ½” length, arerelatively small in size and thin skinned with light green coloured prominent warts orspines. Cucumbers / gherkins are processed mainly as pickles (dill herbs). Cucumberpickles are made in different ways like naturally fermented pickles, brined cucumberpickles, canned pickles, refrigerated dills, fresh cucumber pickles  and processed pickles(sweet, sour, relishes, etc.).Fermentation of cucumbers brined in 2.5 to 5.0 per cent salt solution for fewdays results in acidic products which can be preserved by refrigeration storage orby pasteurization.  In refrigerated type pickles, lightly fermented cucumbers arecovered with a brine containing spices and 0.1 per cent sodium benzoate and storedat 4-7oC.  Salt-stock cucumbers are obtained by brining initially at 5 per cent sodiumchloride and increasing brine strength gradually to 15-16 percent during the courseof 6-7 weeks.  Salt extracts sugar into brine which is converted into lactic acid by theaction of microorganisms.
Watermelon:  Water melon is mainly used as a dessert fruit. Fruits are harvestedat full ripe stage based on the harvest indices like i). Dull or muffled sound when the fruitis tapped, ii) yellowing of the spot touching the ground iii) withering of tendril at thefruit axils, and iv) fruit rind at the blossom end, yielding to thumb pressure. Melonsshould be cut and not pulled from the vines to prevent mechanical damage to thestem end.  Care should be taken to leave as much attached peduncle as possible. Whiletransporting enough cushioning should be provided to prevent mechanical damage.The optimum storage temperature recommended for water melon is 13-15°C. HighRH is not required for water melon as they do not readily lose moisture and RH in therange of 80-85% may be satisfactory. The water melon remain edible for about 2months at moderate temperatures, but the quality will be low beyond 2 weeks.Milk shake, ready-to-serve juice and cut fruit cubes are value added forms inwhich watermelon is consumed. It can be blended with other juices and is a goodhydrant during summer. Possibility of making value added products like nectar, squash,jam and pickle have been reported. Candied rind is another product possible fromwatermelon which can be used for making confectionary and baked products. Itcan also be used for making animal feed.
Muskmelon: Harvesting at the proper stage of maturity is important forgood quality in musk melons as flavor and texture of the fruit is best at full maturity.



62 As fruit approaches maturity a light abscission crack develops at the joint where thefruit is attached to the stem. When this crack completely encircles the joint, themelon slips out easily from the vine with a little pressure or jerk or if not it will remainseparated the next day (Full slip stage).Melon varieties that do not slip have to be picked on basis of colour, where greenstripes on skin begin to turn yellow. In netted cantaloupes, changes in netting and skincolour are the external signs of maturity. The net becomes elevated and hard as themelon matures. The skin colour changes from green to yellow and netting becomespale or dirty white. TSS and sucrose content increase as the fruit ripens and minimumTSS should be 10 per cent with 1 to 2 kg firmness.Use of calcium chelate treatment was reported to doubled the shelf life ofwhole honeydew melon. Exogenous polyamines retarded chlorophyll loss inmuskmelon by reducing the hydrolytic activities acting on chloroplast thylakoidmembranes.As muskmelon are harvested on attaining full maturity and the pulp is soft, it isconsumed more as a dessert than in any other form. Muskmelon juice & milk shakes arealso popular in several parts. Cube of muskmelon are used in ice-cream and fruit custards.Some value added products from muskmelon like nectar, squash, jam, enzyme clarifiedjuice have been developed at University of Agricultural Sciences, Bangalore.
Bitter gourd: The bitter gourd is considered to be mature when tips of blossom endof fruits is turning white. Fruits of bitter gourd should not turn yellow before harvestand seeds should not get hardened before harvesting. Bitter gourds are usually pickedwhile still tender, as such fruits are generally preferred by consumers. Picking shouldbe done every 2-3 days as bitter gourd fruits mature fast.  If harvesting is delayed theseed coat becomes hard and the seed kernel becomes well developed. Fruits startturning yellow 18-20 days from anthesis and become unfit for consumption.At ambient temperature the bitter gourd is reported to have a shelf life of 3days. Yellowing of bitter gourd fruits could be prevented and storage life extended to14 days by post-harvest treatment with 1-MCP followed by packaging inpolypropylene (100 gauge) bags and storing at 12°C. Waxing of bitter gourd alongwith SOPP (1%) has been reported to increase its shelf life besides modifiedatmospheric storage using polymeric films at 15oC.Bitter gourd is considered to be of high therapeutic value due to its bitterprinciple and recommended for management of diabetes. It contains severalbioactive glycosides (including momordin, charantin, charantosides, goyaglycoside,momordicosides) and other terpenoids.  In western countries it is mostly processedin canned form for catering to the needs of armed forces. In India several valueadded products are made, mostly in traditional cuisine. Stuffed bitter gourd is a delicacy,



63where the fruits are slit open to remove the seeds and pulp and then stuffed withspiced fillings and baked. Dehydrated bitter gourd rings are popular in almost everyhousehold. The fruits are sliced into rings and dipped in salt solution or smearedwith salt to dehydrate before drying in sun. The dried product is stored and used asfryums as and when needed. Bitter gourd pickle is very popular in northern part ofIndia and is also used in mixed vegetable pickles. With the rise in diabetics, bittergourd juice is gaining popularity as a health drink.  A recipe for fresh ready-to-servebitter gourd juice was standardized at MPKV, Rahuri (Maharashtra) which contained15ml fresh bitter gourd juice, 15g sugar, 0.29g citric acid and 76ml water. Blendingof bitter gourd juice with lemon and herbs have been successfully attempted withthe product having a shelf life of 60 days. Spiced and deep fried bitter gourd rings arepart of Indian snack and savory industry.
Bottle gourd: Bottle gourd is being used in India for very long time. Dried shell ofover-mature bottle gourd were used as containers for carrying water, wine/liquorand storage of seeds and other commodities in India and several African countries.Bottle gourd has high medicinal value and hence used in some Ayurvedic medicines.Bottle gourd is a good source of vitamin- B- complex and ascorbic acid. It is rich inpectin and also contains various saponins, fatty oils and alcohols. It has a coolingeffect on the human body and is also useful in prevention of constipation.Bottle gourd takes about 12-15 days after fruit set to reach the marketablestage. Fruits should be picked every 3-4 days when still tender and attain sufficientsize. The tenderness can be checked by piercing the finger nail on the fruit surfacewith little pubescence persisting on the skin. The seeds inside should be soft whenthe fruit is cut transversely. Care in postharvest handling is very important in bottlegourd, as the skin is smooth and soft.The bottle gourd is wrapped in news paper or in banana leaves during itsmarketing in some parts of country to avoid bruising while handling and marketing.Packaging studies have shown that by wrapping in newspaper or polymeric filmsthe shelf life of bottle gourd could be extended upto 6 days under ambient condition.Some varieties (Summer Long Green & Rainy Green) have shown a storage potentialupto 12 days at 25oC and upto 24 days at 5oC. However, the optimum temperaturerecommended for cold storage of bottle gourd is 8-9oC, where it can be stored for 4-6 weeks.In India several delicacies are prepared traditionally using bottle gourd. It isprocessed into Doodhi Halva, Kofta and jelly. Bottle gourd dessert (Lauki Kheer) ispopularly consumed during fasting. Good quality tutti-frutti can be prepared byslow syruping process and it has a storage life of over 3 months.
Snake gourd: Snake gourd is widely distributed in India and southeast Asia andtropical Australia. While harvesting, it has to be hand picked when still tender and



64 about one quarter to one third their full size. If over mature it becomes lighter inweight, fibrous and hard and on ripening jelly surrounding the seed become yellowor red. Postharvest shelf life is 2-3 days at ambient temperature and if dipped in waxemulsion containing SOPP for 30-60 seconds, it could be stored upto about 2 weeks.Snake gourd is mainly used as a vegetable in Indian cuisine like curries, kootu, porial,etc. In Nigeria the pulp of ripe snake gourd is used as a substitute of tomato and it isalso used as purgative in Nigerian traditional medical practice.
Sponge and Ridge gourds: Sponge gourd (Luffa cylindrica) and Ridge gourd (Luffa
acutangula) are native to Asia and Africa and are widely cultivated in India forvegetable purpose. Tender fruits are harvested before the inside flesh turns fibrous.Ridge and sponge gourd fruits attain marketable maturity about 5-7 days afteranthesis and fruits are harvested when they are still immature.  Delay in harvestingcauses fruits to become more fibrous and are unfit for consumption. Fruits harvestedat marketable stage can be stored for 3-4 days. Ridge gourd has slightly longer shelflife compared to sponge gourd. Both these gourds are mainly used for cookingpurpose in various kinds of Indian dishes. Traditionally Luffa was popular for productslike bathing sponge, scrubber pads, pillows and mattresses and also for cleaningutensils.The shelf life of ridge gourd was reported to improve by dipping the fruits inbenzyl adenine (BA) at 50 ppm.
Ivy gourd: Ivy gourd (Coccinia grandis, L. or Coccinia indica) has a spread fromAfrica to Asia including India, Philippines, China, Indonesia, Malaysia, Thailand,Vietnam, eastern Papua, New Guinea and Northern Territories of Australia. It isextensively cultivated in India and is known by different names like Kundru (Punjai),Tindori (Hindi), Dondakaya (Telugu & Kannada), Kovai or  Kovakkai (Malayalam &Tamil) etc. Ivy plant was used in Indian traditional medicine as a household remedyfor various diseases, including biliary disorders, anorexia, cough, diabetic wounds,and hepatic disorders. The tender fruits come to first harvest in about 70 days afterplanting. Fruits should be harvested when they are tender before the seeds mature.The over mature fruits ripen faster and the pulp turns red. Preservation by canningwas attempted at CFTRI, Mysore. It has very low glycaemic index and is preferredby diabetics.
Pointed gourd: Pointed gourd (Trichosanthes dioica) is a perennial vegetablecultivated in many parts of India. The fruits come to harvest 80-90 days after planting.The harvesting has to be done once in 2-3 days when the fruits are still immature andgreen, and before seeds become hard. It has slightly longer shelf life than coccinia(Kundru) and is mainly used as a vegetable. Among the processed products, candiedpointed gourd is popular in northern India. Stuffed and baked parval is a delicacyserved during weddings and parties.



65Ash gourd: Ash gourd or wax gourd or white gourd is known as ‘Petha kaddu’, inIndia. Mature ash gourd comes to harvest 30-40 days after fruit set. The fruits atmaturity show white waxy coating on the surface. The surface of ash gourd undergosuberization during storage. It has a good storage life of over 6 months at lowtemperature (13-15oC). Sometimes quashes are subjected to a curing or drying for aperiod of 2 weeks at 24-30°C  with good air circulation to harden the shell beforestoring at low temperature.One of the most popular processed product of ash gourd is ‘Petha’ (popular as Agra
Petha) or preserve. It is made by boiling the cubes or pieces of peeled ash gourd fruitin sugar syrup of 30oBrix which is gradually increased to 70oBrix at 24 hours intervaltill it becomes tender and transparent. Ash gourd is the main ingredient in ‘KusumandaLehyam” used in Ayurvedic system of medicine as a rejuvenating agent and in thetreatment of nervous disorders. Fruit has also been used to treat disorders of the GItract, respiratory tract, urinary tract and diabetes mellitus. It is known to renderprotection against histamine induced bronchospasm.
Pumpkins:  Pumpkin (Cucurbita moschata) though native to Northern America iswidely cultivated in India. The fruits are harvested at full mature stage after attainingfull size and seeds mature. Vine start drying at full maturity and fruits will have greenishyellow skin. Pumpkins are usually cut from the vines with a portion of stem attached.Similar to ash gourd, pumpkins are also subjected to curing or drying with good aircirculation to allow the shell to harden. Pumpkins are quite storable under ambientconditions. However, at a low temperature of 12-15oC and 70-75% RH it can bestored upto 24-36 weeks.Among the vegetables, pumpkins are very good source of beta carotene. It isused in various kinds of dishes in Indian cuisine, the style and recipe of which variesfrom one region to another. It is widely used as a substitute for tomato in vegetablesauce making in small processing industries.Pumpkins seeds are roasted (referred to as seed kernel) and eaten for itsnutrition. The endosperm of pumpkin seed is reported to contain high amount ofzinc and different forms of vitamin E (alpha, gamma, delta forms of tocopherol).Pumpkin seed oil is reported to be used as a cooking medium in Australia.
A.  General Guidelines for harvesting and handlingFruits like cucumber, tinda and summer squash have to be harvested everyalternative day or once in two days while multiple harvests of bitter gourd, bottlegourd, pointed gourd and chow-chow have to be carried out once in a week or 5-6days.• Harvesting has to be done generally by hand plucking or using harvestingaides.



66 • Fruits should be clipped close to the base so as to leave no stem to  causedamage in handling and transport• Avoid any physical injury during harvesting.• Place the harvested fruits carefully in the clean containers preferably plasticcrates to avoid mechanical injuries and for easy handling.• Avoid harvesting during the hot period and during or immediately after rains• Harvesting should be done during the coolest time of the day, preferably in themorning to avoid the effect of high temp.• The harvested produce should be kept under shade to avoid direct exposure tosunlight. Sunburn can cause fruit injury leading to a leathery, tough area onrind, usually at the stem end.
B.  Cleaning and washingAny soil attached to the produce should be removed at the time of harvesteither manually by rubbing the fruit surface with a soft damp cloth or cotton gloves.Washing the fruit is more efficient if the cucumbers are particularly dirty, or if thequantity of fruit is large. Washing can be done by submerging the produce in a largewash tank and the surface can be rubbed clean by hand or with a soft brush. The washwater should be clean and properly sanitized to reduce the potential spread of disease.Sodium hypochlorite (household bleach) is commonly used since it is an inexpensiveand readily available disinfectant. It is effective against decay organisms when added tothe wash water at a concentration of 150 ppm and the water is maintained at a pH of6.5. The wash water in the tank should be changed when necessary and filled withclean water with 150 ppm hypochlorous acid. After cleaning, the fruit is generallyplaced on a soft mesh or wire table to dry before sorting and grading.
C. Sorting and gradingSorting is done to remove immature, over mature, mis-shapen, damaged,bruised ones. Grading is primarily based on uniform shape, firmness and a darkgreen skin colour. Bitter gourds that are green, 20-25cm long having short neck arepreferred in the international market. Similarly bottle gourds that are light green,straight, cylindrical, 25-30cm long are more preferred by consumers. Additionalquality indices are size, freedom from growth or handling defects, freedom fromdecay, and absence of yellowing. Long, moderately slender, tender, straight and darkgreen coloured cucumbers fetch better price. Pumpkins are not generally graded orsome grading is done based on size shape and colour.
D. PackingCucurbits should be packed in strong, well-ventilated containers. Durableplastic crates are highly useful and appropriate for the domestic market. Mesh sacks



67should not be used as they provide little protection to the fruit. Cucurbits for exportshould be packed in strong well ventilated corrugated fiberboard cartons withminimum test strength of 275 psi. Carton size varies depending on market destination,but typically contains 25 kg of fruit. If cucumbers are packed in smaller cartons theyare sold by count, with 24-count being a popular size. Water loss can be effectivelyprevented by packing cucumbers in ventilated films.
Modified Atmosphere Packaging: The storage life of cucumber could be extendedto 3 weeks at 10°C by MA packing in flexible films with retention of freshness andtenderness and without any shriveling.
Individual Shrink-wrapping: It is a form of modified atmosphere packagingwherein a flexible film is shrunk tightly (using hot air tunnel) around each piece ofproduce that acts as a barrier for water loss.  By this packaging method, the storagelife of cucumber was extended to 24 days at 10°C and 10 days at room temperaturewith less than 1% weight loss.
E. Storage: The optimum storage temperature reported for different cucurbits isgiven in the following table.Optimum cold storage conditions & storage life of vegetables

Vegetable Temp (°C) Relative humidity (%) Storage life (Weeks) 

Cucumber 10-11 90-95 2 

Chow chow 12-13 90-95 3 

Gourd, bottle 8-9 85-90 4-6 

Gourd, snake 18-20 85-90 2 

Muskmelon, Honey dew 7-8 85 4-5 

Pumpkin 12-15 70-75 24-36 

Squash 12-15 70-75 8-24 

Watermelon 12-15 80-90 2 

Zero energy cool chamberThe zero energy cool chambers (ZECC), utilizing the principle of evaporativecooling is reported to maintain relatively low temperature and high humiditycompared to ambient conditions that is highly suitable for short term storage ofmany cucurbits.
Post-Harvest Decay of CucurbitsSeveral pathogens can cause post-harvest decay of cucurbits, including fungisuch as Sclerotinia sclerotiorum, Penicillium spp., Rhizoctonia solani, Fusarium spp,



68 Phytophthora spp., Pythium spp., and Rhizopus spp. and several bacteria such as
Erwinia carotovora subsp. carotovora and E. chrysanthemi. Fungal pathogens willcause a soft, watery black decay of fruit, cottony white fungal growth on the surfaceof water-soaked lesions, or water-soaked light brown to tan lesions, among others.Bacterial rots are accompanied by a soft decay of the fleshy rot tissues with a wateryor slimy consistency as the rot progresses.
Selected References:Salunke DK, Kadam (1998) Handbook of vegetable science and technology:Production, composition, storage and processing. Marcel Dekker, Inc., NewYork.Seshadri VS, More TA (2009) Cucurbit vegetables: Biology, Production and Utilization.Studium Press (India) Pvt. Ltd., New Delhi.Whitaker TW (2008) Cucurbits: Botany, cultivation and utilization. Ajay BookService, New Delhi. 01Sudhakar Rao DV, Gopalakrishna Rao KP, Krishnamurthy S (2000) Extension of shelflife of cucumber by modified atmosphere packaging (MAP) and shrinkwrapping. Indian Food Packer 54:65–71





69Potential, scope and status of
Cucurbits in TamilNadu

Dr S Anbu
Former Dean, Horticulture College and Research Institute,

Periyakulam, Tamil naduTamil Nadu the Southernmost State of India enjoys a conducive climate for thegrowth of many floras and especially the Cucurbits and its wild relatives. TamilNadu is the only state which has both Western and Eastern Ghats which meets atNilgris. Tamil Nadu is situated between 80.5°E to 76.5°E longitude and with a latitude of8°N -13.0°N, typically a tropical state with vast germplasm of numerous kinds of crops.Eastern rain shadow part of the Western Ghats beginning in Coimbatore districtand end in Kanyakumari district (Nilgris (Uthagamandalam), Anamalai(Valparai,Cinchona), Pulney hills (Kodaikkanal) , Pothigai hills (courtallam), AgastyarMalai (Papanasam), Mundanthurai Cardamom hills , Kalakaddu, Mahendragiri  andPechiparai (Kanyakumari) are important hot spots in Western Ghats. UNESCO WorldHeritage Committee classified this area as world heritage site – Hottest Hot Spots.Aadipattam (June-July) is the main season for all crops and especially for Cucurbits.Tolbert (2000) and Morrison (2000) refers this fact more specifically to cucumbersgrown during 14th to 17th century A.D. The temperature range is between 21°C -38°C(now around 40°C) and the average is 30°C. The rainfall is between 630mm-1900mmand the average is around 750mm (now there is a reduction), received in 44-50 dayswith most of the rainfall and rainy days falls during October, November and December.Tamil Nadu is one of the urbanized State of India, but with more than half ofthe population in early 21st century continued to live in rural areas. This is one of thereasons for the main activity –agriculture, preserving the traditional crops andintroduction of recently released cultivars in vegetable crops.Black cotton soils (Vertisols) of Tamil Nadu are a source of livelihood forsmall farmers with Cucumber and Athalaikkai (Momordica tuberose. Cogn. (Roxb)/
Luffa tuberosa (Roxb), while in sloppy hilly terrain Pazhupagal–Momordica diocaRoxb X.Wild) forms the part of livelihood for tribal people and farmers at foot hills.The plant scientists and taxonomists Susanne S. Runner and Arun K Pandey (2014)observed more Cucurbitaceous specious in Tamil Nadu from very early time. Cucumis
ritchili (1767) Trichosanthes khasiane (1793) Momordica spp., Benincase hispida,
Citrullus colosynthes, Coccinia grandis (1834) the cultivation in Tamil Nadu.Cucurbits are under commercial cultivation with the introduction of newer varietiesof TNAU, IIHR and IARI. Many of the native gourds form a part of the germplasm in TNAU,IIHR, IARI and NBPGR also. Cucurbit also forms a part in the early establishment of Bananasand perennial foot crops. In the Kitchen garden also Cucurbits play a major role.



70 In addition to the use as raw vegetable Cucurbits are rich source of vitamins,iron, phosphorous and other minerals, play a major part in the folk medicine (Esp. Bittergourd and its wild relatives) and the traditional home medicine for the ailments likediabetes, ulcers and one of the folk medicine induce abortion in the early time.Athalakkai, Momordica tuberose cogn (Roxb), (Momordica cymbalaria/Luffa
tuberosa Roxb) is found to be in cultivation from very early times in Tamil Nadu.Athalakkai has higher amounts of minerals such as Ca, K, Na and Vit ‘C’ than bitter gourdwith higher crude fiber. The fruits have a good shelf life and tender seeds. It is also highlyuseful against rheumatism, ulcers, skin diseases and diarrhoea, besides a good anti- oxidant.The tubers are used against diabetes mellitus and act as antiovulatory agent also.The dioecious Momordica dioca Roxb, Momordica balsamina (Wall., Non l).The Pazhupagal in Tamil was seen in Deccan area and hilly slopes of Tamil Nadu (TheViralimalai (Manaparai), Alagar kovil (Madurai), Varusa Nadu (Theni) and the SathuragiriMahalingam (Watrap) hills. Early references by Joseph Potton de Turnfort (1706)observed the presence of Luffa aegyptiaca (L. acutangula) in Tamil Nadu (Peerkankai)- adjoining states (Kerala, Karnataka, Andhra Pradesh) and Maharashtra.

Luffa hermaphrodita was referred by Singh and Bhandari (2000) in early timein Tamil Nadu near Achankovil Valley of Tamil Nadu. Some of the similar plants wereobserved in Pitchavaram, Muthupet, Ramnad, Pulicat, Kazhuveli parts of Tamil Nadu.Abraham (2003) referred the plants in Sangam Literature (2nd Century BC to 2ndCentury AD). Morrisan (2006) quotes presence of Luffa aegyptiaca in the districts of Chinglepet,Dharmapuri, Vellore and Tirunelveli (Banks of River Thamiraparani in Tamil Nadu and inother states ie. Karnataka, Andhra Pradesh during Neolithic stage- Iron age (1000-500 BC).
Cucumis callosus Cogn, the bitter Cucumber Cogn. Were observed from veryearly time in rain shadow areas of Western Ghats (the Eastern side), have the fieldresistance to a host of pest and diseases. Early crossing work in Annamalai Universityfound the resistance particularly for fruit fly in musk melon.Presence of Cucumis dipsaceus Enrenbh ex.Spach (Maruthamalai foot hills ofWestern Ghats - Coimbatore), Cucumis trigonus Roxb (Kovanur in Coimbatore dist,Alangulam in Thirunelveli dist) name as Kumittikkaai/Thummattikaai, Cucumis

prophetarum L., Cucumis prophetarum  subsp. dissectus, C.figarex var. dissectus Naudin,C. figarex var echinophorus Naudin were reported in very early time.
Cucumis sativus and Cucumis melo and their numerous wild relatives are foundfrom ancient times in Tamil Nadu. Cucumis sativus, the garden Cucumber was undercultivation for more than 3000 years in south India esp. in Tamil Nadu. The gherkin(Cucumis anguna) is a crop of recent commercial cultivation. Cucumis prophetarum isalso seen under cultivation for many years. Cirurullus lanatus (Citrullus fistulosus,

C.vulgaris, Paracitrullus fistulosus) Stock., the Tinda was also in cultivation ( the varietyAnnamali Pudhama-released from Annamalai university).




71Cucurbits can change the economy of
tribal farmers of Odisha

Ranjan Kumar Das Mohapatra,
Dy. Director of Horticulture, Balangir, OdishaOdisha, a state in the eastern part of India is basically an agricultural state. Thestate holds second position in vegetable production and self-sufficient in manyvegetables like brinjal, tomato, chilly, okra, cucurbits, greens etc. But, the economiccondition of a vast majority of tribal people is not good. As per 2001 Census, theScheduled Tribe (ST) population of the State of Odisha is 8,145,081. This constitutes22.1 percent of the total population of the State and 9.7 per cent of the total tribalpopulation of the country.Of all the states of India, Orissa has the largest number of tribes, as many as62. in terms of percentage they constitute an impressive 24 percent of the totalpopulation of the state. These tribes mainly inhabit the Eastern Ghats hill range, whichruns in the north-south direction. More than half of their population is concerned inthree districts of Koraput (undivided), Sundergarh and Mayurbhanj.Per household land ownership among tribal households is extremely low at1.12 standard acres per household. The situation of marginal ST households whichconstitute more than 50% of tribal landowners is even more precarious, with theiraverage landholding working out to only 0.44 standard acres. Now with this meagerarea, they can grow cucurbits round the year to boost their economy.The tribal farmers grow many cucurbits like small gourd, pointed gourd,spine gourd, ridge gourd, bitter gourd, bottle gourd, pumpkins, watermelons etc. butoften fail to market them in proper time resulting in poor revenue. This is primarilybecause most of the crops are grown at a time in the on- season and after harvestthere arises flooding of these vegetables at a time in the market leading to distresssale. Therefore the challenge of growing theses crops under protected condition inthe off season has arisen like never before.A walking tunnel with polythene roof of only 1000 meters square is provingto be highly profitable. It has been seen that from that polyhouse, on an average, Rs.1,00,000.00 (Rupees One Lakh) only can be earned from cucumber only. Growing ofwater melons in poly houses has been extremely profitable in Israel. There is no doubtwhy this will not be the same case in India also. The tribal farmers should comeforward to take advantage of this by establishing poly houses for which theGovernment is providing subsidy.



72 Further, good agronomic practices need to be followed by the tribal farmers forbetter yield. Technology like single line trellis system is gaining popularity and henceshould be widely adopted by the tribal farmers as well. The state Government ofOdisha is assisting the farmers in this aspect also. Very often, lack of adequatepollination seriously affects the yield of cucurbit crops. Hence, use of bumble beesfor pollination inside the poly houses should be promoted.There exists a good market for vegetables grown organically. Cucurbits areby and large more hardy than brinjal and tomato and relatively less attacked bydisease and pests. Hence efforts should be taken to grow organic cucurbits and tocertify them also by proper authority.An ideal thing for the tribals to adopt cucurbits can be summarized in thefollowing model, assuming the average land holding to be one acre.

The  above figures relate to growing in open field condition. A tribal familycan earn at least Rs. 65000.00 (Rupees Sixty Five Thousand) only from one acre ofland in a year. The profit can be at least 4 times if the crops are taken in protectedstructures. Another gourd which has very good market demand is the local spinegourd which sells not less than Rs.50 per kg. in Odisha. This crop grows very well inhilly tracts. Area expansion of this commercial crop can also prove to be a good breadearner for the tribals of Odisha.To conclude, cucurbits can change the future of tribal farmers of the state ifthey come forward to grow the crops under protected condition with good agronomicpractices.


Name of the 
crop 

Area to be 
taken up 

Time of 
planting 

Expected 
Yield 

Rate of the 
produce 

Net Profit 

Pointed Gourd 0.4 acre November to 
December 

30 quintals Rs. 2000 per 
Qtl. 

40,000 

Small Gourd 0.2 acre June to July 10 quintals Rs. 1000 per 
quintal 

5000 

Bitter Gourd 0.2 acre January 10 Quintals Rs. 2000 per 
Qtl. 

10000 

Other Gourds 
and cucumber 

0.2 acre March 10 Quintals Rs.1500 per 
quintal 

10000 

 



73DIOECIOUS CUCURBITS DESERVE CONCERN
Dillip K. Dora*, B. K. Mohanty and T.Moharana

Orissa University of Agriculture and Technology, BhubaneswarThe family of cucurbitaceae, consisting of approximately 125 genera and 960species, gives avenue to a large number of vegetable crops most of which areconfined to the tropical and subtropical regions of the World. Dioecious cucurbits,most of which are indigenous, form an important segment of the cucurbitaceae family.Pointed gourd (Trichosanthes dioca Rox.b), Spine gourd (Momordica dioca….) andIvy gourd (Coccinia grandis L.) are considered to be the three most importantdioecious cucurbits.  Pointed gourd and spine gourd are mostly cultivated in theeastern part of India, particularly in Odisha, West Bengal, Assam, Bihar and EasternUttar Pradesh. However, Ivy gourd, on the other hand is grown both in eastern andsouthern states of India. These crops remained neglected for quite a long time.However, in the recent past these crops have received attention and some work inthe field of crop improvement and crop agronomy has been worked out. This articlemostly highlights the results of the work done so far in India and somerecommendations have also been made to elevate the status of these crops.
Dioecious cucurbits - Rich source of Nutriceauticals

 Good source of carbohydrate, protein, vitamin A, C and also minerals such asCa, Mg, K, P etc.
 Improves digestion.
 Good for skin health and improves complexion.
 Lowers cholesterol and blood sugar level.
 Balances cough and bile.
 Useful in itching and burning sensation.
 Used as medicine in jaundice, viral infections, flu, anemia, gastritis.
 Leaves of pointed gourd are used for curing edema and root causes mildpurgation.
 Rich in antioxidants which protect the body against oxidative stress byneutralizing free radicals.

CROP AGRONOMY

Propagation:All the crops under reference are commonly propagated by vegetative means.Seeds are generally not used for commercial propagation owing to poor germinationand unpredictable sex expression.



74 Pointed gourd is conventionally propagated through vine cuttings, rootsuckers and layered plants. However, Availability of quality planting material is amajor limitation in pointed gourd cultivation round the year, so optimization of in-vitro plantlets development can be a tool for large scale propagation and conservationof germplasm. However, efforts are on to develop standard protocol for large scalemultiplication of planting materials. Initial attempt in this direction has yielded goodresults. Plant regeneration in pointed gourd has been achieved from shoot tips, nodalexplants and immature/mature cotyledons.In spine gourd use of stem cutting with two nodes is recommended forcommercial multiplication. IVY gourd is also propagated by using stem cutting.
Nutrient management:No much work has been done on nutrient management of dioecious cucurbits.However, for pointed gourd with the routine application of well decomposed farmyard manure/poultry manure/blended city compost, nitrogen, phosphorous andpotash at the rate of 90 kg, 26 kg, 33 kg/ha respectively are recommended. Nitrogenand potash need to be applied in five split doses for better results. For IVY gourd andspine gourd, though no standard recommendation is available, it is observed that allthe three crops respond very well to integrated nutrient management practiceinvolving organic manures and in organic fertilizers.
Water management:These crops need watering at frequent intervals (2-5 days) at the cropestablishment phase and thereafter the crop(s) need irrigation at an interval of 3-4days depending upon the water holding capacity of the concerned soil. Floweringfruit set and development stages are identified as critical as far as irrigation isconcerned. Of course at present drip irrigation is recommended to meet the waterrequirement to the tune of expectation of these crop(s).
Training:Field observations indicate that by providing support to these crops throughaerial support systems such as bowers, arches, trellis could increase fruit yield upto14% in case of pointed gourd when compared with production on the ground.
Weed management:At the initial stages of growth of the crops under reference weed managementis very much essential which could be better accomplished by the need basedapplication of registered herbicides and manual weeding.
Pollination:Drying of flowers 1-2 days after anthesis, or yellowing and drying of fruit 5-7 days after anthesis is a common problem during summer. This has been attributedto the lack of pollination and subsequent ovule fertilization during summer months.



75Both problems underscore the importance of maintaining a ratio of 1 staminate to 10pistillate plants.
Harvest and Post Harvest Care:These fruits are harvested at immature stage while still tender with immatureseeds. There is immense scope to initiate work on post harvest care and value additionof these crops. Both pointed gourd and spine gourd have got high export potential.Hence, post harvest work relating to packaging, transport and development of valueadded products needs immediate attention.
Crop ImprovementThe dioecious cucurbits are commonly propagated by vegetative means.Hence, most of the crop improvement work has been confined to clonal selection.The method of clonal selection is based on nature of the tuberous roots and vines.The varieties of pointed gourd developed through clonal selection of roots and vines.The available improved varieties developed so far are enlisted below (Table 1). Thepresently cultivated spine gourd and IVY gourd genotypes are based on selection ofsuperior lines. It is further suggested that the mutation breeding is possible to obtainvariation. Gamma irradiation and chemical mutagens such as EMS/MMS could beexplored to induce variation. It is also possible to find out new bud sports developedthrough mutation which could be exploited.Hybridization program are expected to create improved recombinants andtransgressive sergeants. The Hybridization process is slow because of poor seedgermination and unpredictable sex ratio. Further, evaluation of male parents is notpossible. However, pollen could be evaluated through female parents by developingbi-parental progenies. Initial work on inter specific hybridization between
Momordica cochinchinesis and Momordica dioca taken at OUAT has resulted in thedevelopment of six hybrids out of which DF1 proved to be best.  Nevertheless, interspecific hybridization of spine gourd has been worked out at CHESS, Bhubaneswarby taking advantage of polyploid breeding.
Thrust Areas

 Exploring the possibility of growing pointed gourd as an intercrop insidenewly planted fruit orchards and plantations.
 Quality planting materials of male and female plants need to be multipliedseparately and distributed among farmers, maintaining proper proportionas recommended.
 Encouraging farmers to grow the dioecious cucurbits with aerial supportsystem such as bowers, arches, trellis so as to ensure effective pollination,higher production of quality fruits.
 Efforts need to be initiated for invitro multiplication of planting materials.



76  Agro-techniques for these crops, grown under different farming systemsneed to be standardized and recommended.
 Integrated management of nutrient, insect pests and diseases need to bedeveloped and recommended.
 Attempts need to be taken to grow these crops under low cost protectedstructures such as naturally ventilated poly house and shade net houses withmulching and micro irrigation facilities so as to prolong the cropping duration,which in turn would help the farmers to get higher yield and quality produce.

ExtensionThere is enough scope to generate awareness among the growers toprioritizing the dioecious cucurbits such as pointed gourd, spine gourd and Ivy gourdin their cropping schedule. This could be better accomplished through print andelectronic media and the Krishi Vigyan Kendras functioning under O.U.A.T. in differentdistricts of the state.
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81SESSION I

Specifics of Genetic Diversity, Trait-specific
Germplasm and Conservation Status of

Indigenous Cucurbits
Joseph John K

Principal Scientist & Officer in Charge, National Bureau of Plant
Genetic Resources, Regional Station, KAU P.O, Thrissur-680656, Kerala

AbstractAs part of region-specific and crop-specific germplasm explorations, a total of605 accessions in various Cucurbits comprising Bitter gourd (200 accns.), orientalpickling melon (23 accns.) Cucumber (23 accns.), Snake gourd (43 accns.), pumkin(97 accns.) and other cucurbits and wild related species were assembled fromSouthern humid zone comprising Kerala, Karnataka, Tamil Nadu, Goa, LakshadweepIslands, Andaman & Nicobar Islands and from North Eastern Hill region comprisingparts of Assam, Mizoram, Tripura and Arunachal Pradesh. All important wild relatedspecies of Cucumis, Trichosanthes, Momordica and Luffa were collected andconserved including rare and threatened taxa like Cucumis silentvalleyi, C. indicus, C.
setosus, C. hystrix, C. muriculatus, C. javanicus, and C. leosperma. Wide hybridizationbetween various cultivated melon groups and Cucumber with their wild and weedyforms were carried out and resulting progenies conserved for utilization. Aphid andfruit rot tolerant lines and marker traits like yellow/creamy tender fruit colour orornamentally parched skin in slicing Cucumber, drought resistance and fruit flyresistance in C. melo subsp. agrestis, prolific bearing non bitter forms of C. melosubsp. melo (wild), scented and non-bitter wild melons besides representativecollections in cultivar groups like acidulous, flexosus, momordica, cantolopensis and
maltensis were also assembled. IC 550203 C. melo subsp. callosus showed resistanceto drought, downy mildew, Alternaria fruit rot, yellow mosaic virus, aphid and fertileF1 and F2 with various melon groups were made and conserved. C. muriculatus whichis a new record for India is distinct from C. hystrix and has non bitter crisp tenderfruits used in the same way as slicing cucumber in Mizoram. It is worth domesticationas a crop for North East. C. hystrix is reported to be a good source of powdery mildewresistance used in China for improvement of slicing Cucumber. Non bitter and crosscompatible edible forms of C. melo subsp. agrestis collected from Lakshadweep beachsand may offer scope for salt tolerance and drought tolerance in Melon cultivar groups.



82 Mizoram collections of Cucumber having high carotenoid and orange-yellow fleshare unique and offer scope for breeding carotenoid rich Cucumber for ‘raitha’preparations and curries. JB/11-60, JB/11-91 and JB/11-126 have â carotene contentabove 2µg and JB/11-217, JB/11-60 and JB/11-91 have total carotenoid contentabove 4µg/100g. Cucumber collections JB/11-229, IC 539818 and JJK/10-601 showedfield resistance to leaf blight and bacterial fruit rot. Small white salad cucumber (IC439588) is very much popular among farmers in Hassan district (Karnataka) for itsculinary traits. African horned Cucumber (C. metuliferus) has excellent shelf lifeextending beyond 6 months at room temperature and can be used as a fruit as well asa substitute for slicing Cucumber.Ash gourd variability (27 accessions) comprising small medicinal(Neykumbalam of Kerala used in Kushmandarasayanam) to scented forms fromNorth East were amassed. The Mizoram-Tripura- Arunachal collections of Ash gourdare unique in plant morphology with extended shelf life and acclaimed scented flesh.It falls under a second edible species, distinct from B. hispida. Promising collectionsfor various traits like extra-long fruits (58-60cm- JB/11-93, JB/11-238), high fruitweight (JB/11-238, JB/ 11-213) and prolificacy (10-19 fruits/ plant) (JB 11-185 A,JB/11-53, JB/11-54 and JB/11-181) were identified. Oyster nut (Hodgsonia
macrocarpa) growing wild and as a semi-domesticate in Tripura and adjoining statesare a potential edible oil source worth domestication. The genus Momordica withabout 7 species in India are unique in that all are fruit and leafy vegetable withmedicinal properties. High level of nematode resistance was observed in Momordica
dioica and M. sahyadrica forms of Western Ghats which can be easily combined in toTeasel gourd. Extra-long fruit stalk in teasel gourd is advantageous for pollinationand fruit fly management. Wide variability for fruit stalk length, fruit size, shape andcolour was observed in Teasel gourd assembled from North Eastern states. IC 553771from Havelock Island of Andaman was found prolific with single fruit size up to 100gand single plant yield of 5kg/ season. Its male plants are prolific flowering as goodpollen source. Teasel gourd germplasm showed good variability for fruit shape andyield and yield contributing fruits. Single fruit weight above 80g and cylindrical/doom shaped fruits were observed in JB/11-83, JB/11-178B, JB/11-173, JB/11-176,JB/11-86, JB/11-122, JB/11-93 and JB/11-169. JB/11-214, JB/11-57, JB/11-79 andJB/11-179 have round heavy fruits weighing around 80g. Sweet gourd (M.
cochinchinensis) was found to be of two distinct morphological types, the mainlandIndian types and Andaman types. The Andaman collection IC 567240 was found to beprolific (over 60 fruits/vine) and less bitter compared to IC 553689 (Arka NeelachalAraktha).



83In bitter gourd IC 596981 and IC 596983 (both from Mizoram) were foundgood genotypes with fruit weight in the range of 200-250g and fruit length of 18-23cm. High fruit length of 27.5cm was observed in JB/11-124 and  JB/11-114, JB/11-15, JB/11-124, JB/11-21 and JB/11-207 were high yielders. Wide variability formorphological characters and yield and yield contributing traits were observed inwild and semi-domesticated bitter gourd. Field resistance to powdery mildew wasobserved in IC 582471, 582420 and IC 582449. Semi domesticate landraces of smallbitter gourd like Methipavai, Rudrakshahagali and Ustha are high-value vegetables.Drought tolerance manifested through continuous flowering and fruiting in acutewater scarce condition was observed in IC 598107, IC 598170, IC 598171, IC 598169,IC 598172, IC 598168, IC 582420, IC 582434, IC 582471 and IC 582449.Good variability in ridge gourd and smooth gourd were also collected fromJhoom lands of Mizoram and Tripura and are under regeneration. Extra-long ridgegourd (JB/11-32 with 65 cm long fruits) and scented Ridge gourd are specific totribal pockets of North East India.



84 Ex situ conservation strategies for cucurbits
P. E. Rajasekharan

Division of Plant Genetic Resources, Indian Institute of Horticultural Research
Hessaraghatta lake PO, Bangalore 560 089

AbstractThe cucurbitaceae consist of approximately 125 genera and 960 species, mainlyin tropical and subtropical regions. All species are sensitive to frost. Most ofthe species in this family are annual vines but there are also woody lianas, thornyshrubs, and. Plants monoecious (commonly), or dioecious (commonly), orpolygamomonoecious, or hermaphrodite (rarely). Pollination entomophilous andincludes some of the most ancient cultivated plants known which gives challengesfor conservation Seeds are best suited for storage in gene banks but for speciesthat do not set seeds or produce sterile or recalcitrant, it is difficult to conserve.Seeds need to survive when subjected to drying. Hence only seeds of those species,which can withstand drying upto to 10% moisture level could be stored in GeneBanks. Tissue culture techniques are of great interest for collection, multiplicationand storage of plant germplasm. The method allows propagating plant materialwith high multiplication rates in an aseptic environment. Virus-free plants can beobtained through meristem culture in combination with thermotherapy, thusensuring the production of disease-free stocks and simplifying quarantineprocedures for the international exchange of plant germplasm. The miniaturizationof plants allows reduced space requirements and considerable saving in labour costsfor the maintenance of germplasm accessions. A major limiting factor affecting theincreased use of in vitro conservation has been the concomitant improvement ofroutine tissue culture techniques and the development of simple cryoprotectionmethods that enhance recovery processes especially after cryogenic storage. Themethods employed vary according to the storage duration required. For medium-term conservation, the aim is to reduce growth, thus increasing intervals betweensubcultures. For long-term conservation, cryopreservation, i.e. conservation atultra-low temperature, usually in liquid nitrogen (-196°C), the aim is to establishbase collections conserved to posterity. Application of cryogenic techniques forconserving NGD in pollen would enable extended use of male gametophytes inresearch related genetic enhancement in cucurbit species. It also could facilitate



85use of pollen carrying valuable dominant traits for introgression into pre-breedinglines, and expression in theF1 generation. In situ (on-farm) conservation of landracesof cucurbits refers to plants that are conserved or in the very place where theydeveloped their present day characteristics and a major objective of in situstrategies is to maintain evolutionary processes. In situ conservation is also apowerful strategy to integrate farming community, and local institutions into thenational PGR system so that monitoring of genetic resources could be done at localscale. In order to maintain and use landraces for sustainable manner, landrace mustbe useful, competitive with other options a farmer might have and contribute tothe food security and possible increase in a farmer’s income. Biotechnology hasmade possible DNA conservation of plant species, in the form of extracted DNA oras genomic DNA libraries. However, this technique needs advanced technologicalinputs to match with the importance and requirement for the species in question;to justify its need as a practical conservation strategy. In principle, storing DNA issimple, easy, cheap, and is widely applicable A review of the current status of ex situconservation of cucurbit species will be discussed along with protocols developed.



86 Diversity in Bottle gourd [Lagenaria siceraria
(Mol.) Stand.] germplasm in Maharashtra

N. Dikshit1, M. A. Nizar1, N. Sivaraj2 and Dinesh Chand1

1National Bureau of Plant Genetic Resources, Regional Station, Dr. PDKV Campus, Akola-444104
2National Bureau of Plant Genetic Resources, Regional Station, Hyderabad-5000030

AbstractBottle gourd (Lagenaria siceraria) is one of the most popular Cucurbitaceousvegetable crops grown in tropical and sub-tropical parts of the world. India isconsidered as the secondary centre of diversity. It is known as Bhopla, Bhopda,
Dudhibhopla, Dudha, Kaddubhopla, Lockiand Kaddhuin local language (Marathi),Twenty six accessions of bottle gourd germplasm comprising cultivated (14) andwild (12) were collected from 21 agro-ecological niches covering 14 districts inMaharashtra region viz. Ahmednagar, Akola, Amaravati, Aurangabad, Buldhana,Hingoli, Jalna, Nanded, Nandurbar, Nashik, Prabhani, Pune, Washim and Wardha. Thecollection site included cultivated fields, natural wild habitats, farm store, farmers’backyard, kitchen gardens and other sources. The fruits and seeds of both cultivatedand wild were subjected to study for qualitative and quantitative analysis. Thecollected germplasm exhibited very interesting variation in the qualitative charactersof fruits such as shape, luster, blossom end, ridges etc. Six types of fruit shape wererecorded among the wild bottlegourd germplasm viz., Dumbell, elongate, elliptic,globular, goose neck and pyriform while four types (curved, elongate, globular andpyriform) recorded among cultivated edible types (Figs. 1&2).   Wide range ofvariability were also recorded in the quantitative traits for several fruit and seedcharacters, viz., fruit length (10.8-69.4cm.), perimeter of the fruits (23.5-64.5 cm),green fruits weight (102.05-1852.69 g.) seed length (1.47-1.64 cm), seed width (0.47-0.66 cm) and 100 seed weight (9.92-21.94 g.) in cultivated germplasm while in thewild germplasm the fruit length ranges from (14.2-31.8 cm), perimeter of the fruit(29.7 – 57.6 cm). green fruit weight (538.23-1593.26 g), seed length (1.34 – 1.66cm), seed width (0.46 -0.62 cm.) and 100 seed weight (14.6 g.) (Table 2). Thequalitative and quantitative traits expressed fairly a good spectrum of fruits diversityin Maharashtra for its cultivated and wild relatives. In order to discover distributionof cultivated and wild forms in the current climate change regime, Maximum entropy(Maxent) modelling was performed and the models presented in Figs. 3 & 4 for wildand cultivated forms respectively.  The generated models were compared with Ecocrop model, a component of DIVA-GIS (Fig. 5) for the suitability for cultivation ofuseful bottlegourd germplasm and identifying potential regions for its on-farmconservation.  The present investigation helped in preparing a comprehensive mapon the existence of diversity/ variability and also provided a fairly good idea oncultivated and wild relatives’ diversity in the state of Maharashtra.



87Multivariate analysis of genetic divergence of
Solena amplexicaulis (Lam) Gandhi

T. Maharana, B. R. Sethy and Kaberi Maharana
Orissa University of Agriculture & Technology, Bhubaneswar – 751003

AbstractFamily Cucurbitaceae consists of 117 genera and 825 species. Out of them nearly20 species belong to 9 genera and cultivated for vegetable. Among them Solena
amplexicaulis is a less known vegetable but of excellent quality. The tender fruits areeaten as vegetable, ripe fruits are scarlet colour, sweet and attractive to birds. As perresult of the present study, 15 genotypes were grouped into two clusters and thelarge cluster in seven sub-clusters. The characters contributed more towards clusterformation were girth of edible fruit, number of fruits per plant and the inter-nodallength. The grouping of by Tocher’s method shows close correspondence with thedimensional depression of the genotype by the first two canonical variants.

Genetic variability studies in snake gourd
(Trichosanthes cucumerinaL.)

Padmaraja, S. R. Prakash, M. Kumara, B.R .Santhosh, and G. N. Thyagaraj
Division of Horticulture, Gandhi Krishi Vignana Kendra, University of Agricultural Sciences,

Bengaluru -560 065, Karnataka

AbstractThe present study was undertaken to elicit information on the nature of variabilityof snake gourd genotypes during 2011 at Department of Horticulture, UAS, GKVK,Bangalore. The phenotypic co-efficient of variation was more than the genotypic co-efficient of variation for almost all the character under study. Both growth and yieldattributing characters like number of primary branches per plant, productive lengthof vine, number of nodes per vine, inter nodal length, node at which first femaleflower appearance, number of fruits per plant, mean fruit weight, fruit length, fruitgirth, flesh thickness, size of the cavity, number of seeds per fruit, fruit fly infestation,downy mildew incidence and yield per plant showed high genetic advance over percent mean with high heritability. The genotypes GKVK SG-16, GKVK SG-7, GKVK SG-13, GKVK SG-8 and GKVK SG-14 were found to be early flowering and higher yieldper plant. The genotypes GKVK SG-9, GKVK SG-8, GKVK SG-14, GKVK SG-5, GKVK SG-13, GKVK SG-7 and GKVK SG-16 were found to be moderately resistant to fruit fly anddowny mildew disease.



88 Collection, Characterization and Conservation of
Indigenous Genotypes of Ash Gourd (Benincasa hispida)

under Narayanpur District of Chhattisgarh
Manoj Kumar Sahu1, DeoShankar2  ,Rajshree Gayen3  M.S.Urre4

1SMS, Horticulture, Krishi Vigyan Kendra  (IGKV) Narayanpur, Chhattisgarh
2Scientist (Horticulture) SG College of Agriculture and Research Station, (IGKV),

Kumhrawand, Jagdalpur - 494 005
3Scientist (Horticulture), Directorate of Extension Services, IGKV, Raipur - 492 006

4 SMS Entomology, Krishi Vigyan Kendra Narayanpur

AbstractThe ash gourd, (Benincasa hispida) Cong is also known as wax gourd, or petha. Itis classified under cucurbits of minor importance though it is cultivated almostthroughout India. The immature fruit is consumed as vegetable. The fruit is largelyused for making confectionery and “bari”. The present investigation was undertakenduring kharif 2013-14 at KrishiVigyan Kendra Farm (IGKV) Binjali, Narayanpur (C.G.)India. The experiment was aimed to collect, characterize and evaluate 30 indigenousgenotypes of Ash gourd, in augmented block design in single replication. The meanand range were estimated during characterization of 30 genotypes. The morphologicalcharacterization was done as per National guidelines to conduct the tests forDistinctness, Uniformity and Stability (DUS) of Ash Gourd genotypes under the headsplant growth habit, fruit characters, flesh characters and seed characters. Thirtyindigenous genotypes of Ash gourd (Benincasa hispida) viz. NPAG-12-1, NPAG-12-2,NPAG-12-3, NPAG-132-4, NPAG-12-5, NPAG-12-6, NPAG-12-7, NPAG-12-8, NPAG-12-9, NPAG-12-10, NPAG-12-11, NPAG-12-12, NPAG-13-13, NPAG-13-14, NPAG-13-15, NPAG-13-16, NPAG-13-17, NPAG-13-18, NPAG-13-19, NPAG-13-20, NPAG-13-21, NPAG-13-22, NPAG-13-23, NPAG-13-24, NPAG-13-25, NPAG-13-26, NPAG-13-27, NPAG-13-28, NPAG-13-29, NPAG-13-30, collected from Narayanpur andOrchha blocks of Narayanpur district of Chhattisgarh. Genotypes were categorized into different groups as per character recorded and character contributions. Range,mean was estimated as per observation recorded from different genotypes of Ashgourd. For plant growth habit, genotypes were categorized into three groups short,medium and long and highest frequency was observed (46.66 %) in long. For fruitskin colour genotypes were categorized into two groups white and green and highestfrequency (56.66 %) was observed in white. For fruit shape genotypes werecategorized into three group oblong, round and round oval and highest frequency(43.33 %) was recorded in round oval. For fruit texture genotypes were categorizedinto three groups soft spongy, smooth and fibrous and highest frequency (40.00 %)was observed in fibrous. For seediness genotypes were categorized into three groupslow medium and high and highest frequency (36.66 %) was recorded in high. Thenumber of fruit per plant was ranges from 6-15 nos. and fruit weight ranges from5.15 - 13.20 kg. Characterization of genotypes provided the information onmorphological agronomic and biochemical aspects of the material that is essentialfor gene bank management and conservation of the Ash gourd (Benincasa hispida).



89Collection, Characterization and Conservation of
Indigenous Genotypes of Pumpkin (Cucurbita
moschata) under Narayanpur District of Chhattisgarh

Manoj Kumar Sahu1, Rajshree Gayen2, M. S. Urre3and Deo Shankar4

1SMS, Horticulture, Krishi Vigyan Kendra  (IGKV),Narayanpur, Chhattisgarh
2Scientist (Horticulture), Directorate of Extension Services, IGKV, Raipur - 492 006

3 SMS Entomology, Krishi Vigyan Kendra, Narayanpur
4Scientist (Horticulture) SG College of Agriculture and Research Station,

(IGKV), Kumhrawand, Jagdalpur - 494 005

AbstractThe Pumpkin [(Cucurbita moschata) Duch.exPoir] is the most commonly grown
Cucurbits  species in India. It is an important vegetable grown almost all overIndia. It is one of the few vegetables possessing a long shelf life.. The fruit is mostlyconsumed as vegetable. The present investigation was undertaken during kharif 2013-14 at KrishiVigyan Kendra Farm (IGKV) Binjali, Narayanpur (C.G.) India. Theexperiment was aimed for collection, characterization and evaluation of 10 indigenousgenotypes of Pumpkin, in augmented block design in single replication. The meanand range were estimated during characterization of 10 genotypes. Themorphological characterization was done as per National guidelines to  conduct thetests for Distinctness, Uniformity and Stability (DUS) of Pumpkin genotypes underthe heads plant growth habit, number of fruit per plant, mature fruit skin colour, fruitridge (rib) shape, fruit weight, flesh characters, fruit length and fruit width.  Tenindigenous genotypes of Pumpkin viz. NPP-13-1, NPP-13-2, NPP-13-3, NPP-13-4,NPP-13-5, NPP-13-6, NPP-13-7, NPP-13-8, NPP-13-9, NPP-13-10 collected fromNarayanpur and Orchha blocks of Narayanpur district of Chhattisgarh. Genotypeswere categorized in to different groups as per character recorded and charactercontributions. Range, mean was estimated as per observation recorded from differentgenotypes of pumpkin. For plant growth habit, genotypes were categorized intothree groups plants having short vine, medium vine and long vine and highestfrequency was observed (40 %) in medium vine. For fruit skin colour genotypeswere categorized into two groups yellow and light green and highest frequency(60%) was observed in yellow. For fruit ridge (rib) shape genotypes were categorizedinto two groups round and narrowly winged and for mature flesh colour genotypeswere categorized into two groups yellow and orange  and both the group shownequal frequency (50 %). The number of fruit per plant was ranges from 6-12 nos.and fruit weight ranges from 10.16 - 31.25 kg. Fruit length, fruit width and fleshthickness ranges from 20.20 cm-45.80 cm, 18.20cm-25.10cm and 3.20 cm-6.30cm,respectively. Characterization of genotypes provided the information onmorphological agronomic and biochemical aspects of the material that is essentialfor gene bank management and conservation of the Pumpkin (Cucurbita moschata).



90 Assessment of genetic diversity in Ivy gourd
[Coccinia grandis (L.) Voigt.] genotypes of North

Eastern Region using RAPD markers
J. Saikia, S. Acharjee, D.B. Phookan, P. Talukdar and L. Saikia

Department of Horticulture, Assam Agricultural University, Jorhat-785013, Assam

AbstractIvy gourd [Coccinia grandis (L.) Voigt.] is an underexploited cucurbitaceous semi-perennial creeper and mostly termed as poor man’s vegetable. Ivy gourd hasantioxidant and antihistamine properties and is great for the immune system. It hasinsulin like effect on blood sugar levels. In the present investigation, twenty two genotypesof Ivy gourd have been studied to assess the molecular diversity using RAPD markers. Atotal of 26 RAPD markers produced 118 amplicons, of which 52 amplicons werepolymorphic (44.06% polymorphism), indicating a high degree of diversity. RAPD baseddendogram showed dissimilarity values from 0.10 to 1.09 also suggest that the genotypesrepresent a genetically diverse population. The genotype IG-14 was clearly separatedfrom the rest of the genotypes based on the RAPD primers. On the basis of clustering, itwas indicated that genotypes collected from some district of Assam had a narrowergenetic diversity among themselves as compared to genotypes collected from differentagro-ecological conditions of North Eastern Region.
Growth and yield of cucumber as influenced by different

sowing dates under polyhouse as off season crop
Ms. Sapna Boruah and Dr. Deepa Borbora Phookan

Department of Horticulture, Assam Agricultural University, Jorhat-785013

AbstractCucumber experiments under polyhouse were conducted during 2012-13 and 2013-14 in the Experimental Farm of the Horticulture department of Assam AgriculturalUniversity under Naturally Ventilated polyhouse. The study was carried out inRandomized Block Design with five replications. Seeds of cucumber cultivar Alisha F-1was sown in four sowing dates at monthly intervals from middle of October to middle ofJanuary. Umbrella system of pruning was adopted. Seeds are sown at a distance of 60cm between rows and 30 cm between plants. Different growth and yield attributingparameters were determined. Among the four different dated of planting the highestnumber of 19.43 fruits per plant was recorded in January sown crops which wassignificantly highest than the other dates of sowing. The highest yield of 4.28 kg perplant was recorded from two years pooled data in January sowing crop. Though therewas no significant difference in the female to male ratio. However two years pooled datashowed that the highest fruit setting percentage of 43.38 was recorded in Januarysowing crops. As an off season crop cucumber can be grown in all the four sowing datedhowever, January sowing date gives the best performance.



91Variability in ivy gourd germplasm from
sub-humid Aravalli hill regions of Rajasthan

Sheetal Tak, R. A. Kaushik, and K. D. Ameta
Rajasthan College of Agriculture, MPUAT,Udaipur -313001

AbstractIvy gourd (Coccinia grandis) also known as Kundruis an under- exploited cucurbitvegetable originated in India. It is a dioecious perennial grown in southern and easternstates of India. The crop is raised by planting three nodded cutting taken from femaleplants, yielding fruits in summer and rainy season. In South and Central India, fruiting isround the year, while in North India, fruiting terminates when the temperature comesdown in November. Fruits are good for diabetic patients. Considering the above saidfacts, an attempt has been made to collect the available variability in this crop fromSouthern Rajasthan for further improvement. Sixteen diverse germplasm were collectedduring August-Sept.2013 from different villages of Aravalli hills region of Udaipur (Raj.)and evaluated for different characters like fruit diameter, fruit length, weight, volume,specific gravity, moisture percentage in fruit, T.S.S., number of seed per fruit, and pediclelength. The result revealed a significant difference for all the characters under study.The economically important parameters like fruit diameter ranged from 17.8 (CG-7)to 32 mm (CG-1), fruit length ranged from 36.7 (CG-8) to 54.9 mm (CG-14), highestfruit weight and volume was observed in CG-1 (35.4 gm) and (42.8 ml/100ml)respectively. Specific gravity was highest in CG-8 (1.46 gm/cc). Moisture content inIvy gourd fruits was found in the range of 82.1 to 90.8 %. T.S.S. varied from 2.7 to 4.6 0Brix, number of seeds per fruit was highest in CG-14 (106).CG-2 germplasm recordedthe highest pedicle length 6.02cm followed bygermplasm CG-6 (4.4 cm) .This germplasmwill be propagated at experimental site of MPUAT, Udaipur for further evaluation andutilization.
Diversity of Cucurbitaceous crops in North East India

S. D. Warade, R. K.  Dubey, V. Singh, V. B. S. Chavan and A. K. Pandey
College of Horticulture and Forestry, Pasighat 791 102

AbstractThe North Eastern region of India comprising eight states namely ArunachalPradesh,Assam, Manipur, Meghalaya, Mizoram, Nagaland, Tripura and Sikkim hasvastGeographical l variations.The region is also represented in six agro climatic zones.TheNorth Eastern region is one of the richest reservoirs of genetic variability anddiversity ofdifferent cucurbitaceous crops. The diversity for cucurbitaceous crops



92 of this regionhas mainly been managed by the tribal people. Considerable diversityexistsamong the region in cucurbitaceous crops including variation in plant type,morphological and physiological characteristics, reactions to diseases and pests,adaptability and distribution.Enormous diversity occurs in semi domesticated andwild types in local pockets. Such types have been selected locally by tribal as part oftheir routine vegetable requirement. The most important crops genera included
Cucumis, Cucurbita, Momordica, Trichosanthes, Luffaand Benincasa. Many of thesehave not only contributed towards diversity but also are rich gene pool for importanttraits. These materials along with their close wild relative serve as genetic stocks byplant breeders for development of improves vegetable varieties.Nowadays, molecularapproaches available for many plant species offering tremendous possibilities forgenetic diversity assessment, improving our understanding of complex characters aswell as providing the basis for effective breeding strategies when coupled with moretraditional methods.

D2 square analysis study in Bottle gourd
[Lagenaria siceraria(Molina) Stand]

B. Muralidharan, V. Kanthaswamy and B. Sivakumar
Pandit Jawaharlal Nehru College of Agriculture and Research Institute (TNAU),

Karaikal, U.T. of Puducherry

AbstractBottle gourd [(Lagenaria siceraria (Mol.) Standl.] is an important member of family
Cucubitaceae grown commercially in almost all parts of India during summer aswell as rainy season. The natural genetic variation for many of the economicallyimportant traits is considerable in this crop. In any plant breeding programme needsclear understandings of the existing genetic divergence in the available population.Crosses involving genetically divergent parents were expected to show a broadspectrum of genetic variability would increase the range of frequency distributionand provide better chance for improving the economic characters underconsideration and greater scope for isolating the transgressive segregates in theadvanced generation.  Investigation on the evaluation of bottle gourd genotypesfor yield was carried out in the Department of Horticulture, Pandit Jawaharlal NehruCollege of Agriculture and Research Institute, Coastal region of Karaikal, U.T. ofPuducherry from January to March 2011. The twenty four diverse genotypes wereevaluated for per se performance, phenotypic and genotypic variability, heritabilitygenetic advance and genetic divergence. The association and contribution of differentcharacters towards yield were also estimated for all the twenty four genotypes for19 characters. All the accessions were evaluated for nineteen characters viz., vine



93length, number of primary branches, node at which first male flower appears, node atwhich first female flower appears, days to first male flower anthesis, days to firstfemale flower anthesis, sex ratio, days to first harvest, fruit length, fruit width, fruitcavity, flesh thickness, fruit weight, number of fruits per vine, number of pickings,number of seeds per fruit, weight of 100 seeds, yield per vine and total soluble solids.Twenty four genotypes formed nine clusters which revealed the fact that geographicaldiversity need not necessarily be associated to the genetic divergence. Among thenine cluster formed, the cluster IX recorded highest mean values for eight charactersnamely vine length, node number at first male flower appearance, days to first maleflower anthesis, days to first female flower anthesis, sex ratio, days to first harvest,fruit cavity and number of seeds per fruit followed by cluster VII which recordedhighest mean values for fruit width, number of fruit per vine, number of picking andweight of 100 seeds. For all among the nine clusters it was observed that cluster VIIIwas the largest with seven genotypes followed by cluster VII which had fourgenotypes. Parental lines from these two distant cluster may be used in hybridizationprogrammes which is likely to produce wide variability and transgressive segregationswith high heterotic effect. Two genotypes were formed in the cluster’s I, II, III, IV, V,VI. Cluster IX had only one genotype. The intermating of individuals from these twoclusters can express high heteroticvigour and throw desirable segregants onhybridization. The present investigation reveals that the genotype NDBG-164 wasconsidered as the best genotype among the 24 genotypes studied based on the  per
se performance and genetic divergent analysis. In the present study, an attempt wasmade to obtain such information in bottle gourd. The nature and magnitude of geneticdiversity among twenty four bottle gourd genotype assembled from differentgeographical locations was measured through multivariate analysis usingMahalinobnis D2 to identify suitable and best genotype for hybridization. There ispossibility of getting suitable recombinant for yield and quality during future breedingprogramme.

Genetic variability studies in bottle gourd [Lagenaria
siceraria(Mol.) Standl] Coastal region of Karaikal

B. Muralidharan, B. Sivakumar  and V. Kanthaswamy
Pandit Jawaharlal Nehru College of Agriculture and Research Institute (TNAU),

Karaikal, U.T. of Puducherry

AbstractBottle gourd [Lagenaria  siceraria (Mol.) Standl] belongs to the family Cucubitaceaehaving chromosome number 2n = 22. Bottle gourd is one of the most importantcucurbits cultivated in India. It is grown in summer season as well in rainy seasonYadav et al., (11). Under the genus Lagenaria, six species are reported in world.Improvement in any character depends on genotypic variability, better are the



94 chances for selection of superior genotypes. Evaluation of the genotypes for importantagronomic traits is an important aspect for any improvement programme. Therefore,the assessment of genetic variability in crop is of paramount importance in selectingthe best genotype for making rapid improvement in yield and related characters aswell as to select most potential parent for making hybridization programme successful.It is, therefore, necessary to know the nature and amount of variation present in thepopulation for bringing about [Ahmed (1)] improvement.The potentiality of a genotype is measured not only by the mean performance,but also by of the extent of [Allard (2)] variability existing. Genetic variability is theplant breeder’s stock in trade without which breeders are powerless to develop a newvariety in any crop. It is highly essential to ascertain to what extent the observedvariability was determined by genetic causes, for that the estimation of geneticvariability is necessary. The extent of genetic variability is more important than thetotal variation, since greater the genetic variability wider would be the scope forselection.Bottle gourd is an important fruit vegetable crop having a wide range ofvariability. The progress of the breeding programme depends upon the extent towhich the desirable traits are heritable. High heritability estimate in conjucation withhigh genetic advance was considered more useful than the heritability estimate alonein predicting the resultant effect in the selection programme. Hence, this study wastaken up with 19 morphological traits of bottle gourd to estimate the genetic variabilityand genetic advance in the Department of Horticulture, Pandit Jawaharlal NehruCollege of Agriculture and Research Institute (TNAU), Coastal region of Karaikal, U.T.of Puducherry. Analysis of variance revealed the presence of significant differencesamong the genotypes for all the characters. Based on the per se performance, thegenotype NDBG-164 was identified as the best for fruit flesh thickness, fruit weight,yield per vine and estimated fruit yield. High estimates of genetic coefficient ofvariation for vine length, number of primary branches, node number at first maleflower appearance, fruit length, fruit width, fruit cavity, fruit flesh thickness, fruitweight, number of pickings, number of seeds per fruit, weight of 100 seeds and yieldper vine indicating that the major part of variability was due to genetic constitution.Heritability in general was high for all the characters except days to first femaleflower anthesis. High heritability also indicated that there was more number ofadditive factors for these characters. All the characters exhibited higher values ofgenetic advance as per cent of mean except node number at first female flower appears,days to first male flower anthesis, days to first female flower anthesis and days to firstharvest, it’s may be due to predominance of additive gene effects and consequently adistinct possibility of improving these characters by simple selection can be followed.It is inferred that most of the characters exhibited high heritability and high geneticadvance which indicated the pre dominance of additive gene action and henceselection is more effective. For the improvement of these traits simple pedigreebreeding followed by selection would be rewarding.



95Genetic diversity analysis of Ridge gourd based
on seed protein profile using SDS-PAGE

Uzma Khatoon, Rakesh Kr Dubey, Vikas Singh, V. B. S. Chauhan,
S. D. Warade and A. K. Pandey

College of Horticulture & Forestry, CAU, Pasighat, Arunachal Pradesh

AbstractIn the present study, 40 Ridge gourd genotypes from different part of India werecollected and evaluated for genetic diversity using morphological characters andSDS-PAGE analysis. Estimation of protein was done in seeds of fourty genotypes ofridge gourd collected for the study. The SDS-PAGE study revealed maximum amountof diversity as compared to morphological data analysis. Considerable variation innumber of proteins bands (8-24) was observed using SDS-PAGE. Based on thedendrogram, all the genotypes can be grouped into 2 major clusters which werefurther sub-divided into two sub cluster each. Among the genotypes CHFRG-11showed maximum number (24) of protein bands while the minimum numbers (8) ofbands were present in CHFSM-12. CHFRG-35 with CHFRG-36 exhibited minimumgenetic distance (12.00). It is also observed that genotypes from different regionswere to be closely related and genotypes from the same region had different geneticbackground. Intra-regional diversity could be as a valuable source as inter regionaldiversity for ridge gourd improvement.
Genetic diversity analysis in Ridge gourd
Accessions for future breeding strategy

Uzma Khatoon, Rakesh Kr Dubey, Vikas Singh, V. B. S. Chauhan,
S. D. Warade and A. K. Pandey

College of Horticulture & Forestry, CAU, Pasighat, Arunachal Pradesh

AbstractForty ridge gourd genotypes collected from different part of India were subjectedto D2 analysis. Multivariate analysis following Mahalanobis D2 analysis revealedthat the studied genotypes of ridge gourd have considerable genetic divergences whichwere grouped into six clusters, with maximum genetic divergence between clusterIV and cluster V. The cluster IV with genotype CHFRG-8, CHFRG-12, CHFRG-6, CHFRG-10 and CHFRG-22 were the more divergent for improving vine length, number ofnode per vine, crop duration, pedicel length, fruit length, fruit diameter, number offruit per plant and fruit yield. Cluster VI with 9 genotypes are found to be promising



96 lines for improving number of node to first pistillate flower appearance, days to firstpistil late flower anthesis, days to first staminate flower anthesis and days to firstfruit harvest. The genotype CHFRG-13 in cluster V was identified as geneticallydivergent for average fruit weight and hence, genotypes in these clusters can beutilized in crop improvement programme as donor parents for improving all thesecharacters. Days to first staminate flower anthesis contributed maximum towardsdivergence followed by number of fruit per plant, days to first fruit harvest, fruitlength, fruit diameter and pedicel length. Hence, the above characters are to be takeninto consideration while attempting crop improvement studies in ridge gourd.
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PROGRESS IN CROP IMPROVEMENT, INNOVATIVE
BREEDING TECHNIQUES AND FUTURE STRATEGIES



98 Recent advances in molecular breeding for
abiotic stress tolerance in cucurbits

Ramavtar Sharma1, KV Bhat2, RK Bhatt3

1Principal Scientist, Div III (PIP&PM), CAZRI, Jodhpur; 2Principal Scientist & Head,NRCDNAFP, NBPGR, New Delhi; 3Head, Div III (PIP&PM), CAZRI, Jodhpur
AbstractPlants are found to grow on varying habitats ranging from very cold to hot tropicalregions, saline to acidic soils and dry hot deserts to water submerged conditions.In order to survive in diverse conditions plants evolved various mechanisms thatbroadly fall in two types; constitutive and adaptive. The morphological features thatplants have evolved to survive a particular environment are constitutively expresseddepicting minor adjustments with changing environment.  The survival andproductivity of a plant is grossly affected by its capacity to adapt fluctuations ingrowing environment through regulated gene actions. Plants thwart different climaticand edaphic conditions with an array of biochemical and physiological adaptations,which involve the function of many stress related genes. Hence any attempt toimprove the stress tolerance requires a better understanding of physiological,biochemical and molecular events.Plants show various types of morpho-physiological adaptations as amanifestation of varyingly expressed stress induced regulatory genes under differentabiotic stresses. The reactions of plants to water stress differ significantly at variousorganizational levels depending upon intensity and duration of stress as well as plantspecies and its stage of growth. The importance of ramified root system in acquiringwater has long been recognized. A prolific root system can confer the advantageduring water stress but correlations are not high to establish the fact unequivocally.At cellular level abiotoic stresses including water deficit conditions, often resultsin imbalance between energy intake and consumption by photosynthetic organleading to the production of reactive oxygen species (ROS) and inability of the plantto control them, which eventually cause denaturation of functional and structuralproteins. As a consequence, diverse environmental stresses often activate similarcell signaling pathways and cellular responses, such as the production of stressproteins, up-regulation of anti-oxidants and accumulation of compatible solutes.Cucumber and melon are important crops cultivated world over in varyinghabitats ranging from the Northern regions of the temperate climate zone to thetropics. Spatial isolation and the need to adapt to diverse environmental conditionshave induced various adaptation mechanisms.



99A study under NAIP project “Bioprospecting of genes and allele mining forabiotic stress tolerance” has led to identification of species/genotypes tolerant towater stress. The study has also indicated importance of some morphophysiologicaltraits associated with tolerance level. The role of various antioxidants has also beeninvestigated, and novel genes were identified through transcriptome analysis.In the last few years useful genomic tools have been build that can be appliedto breeding programs in order to obtain better melon and cucumber varieties. Existinggenomic resources include the ICuGI database (cucumber genomics database) (http://www.icugi.org) that holds 129067 melon and 513276 cucumber ESTs, severalgenetic maps developed using different genetic backgrounds, oligo-based microarray,a physical map and a collection of BAC end sequences and whole genome sequencesusing different techniques and genotypes.
Present status and future breeding strategies

for bitter gourd cultivation
T.K. Behera

Division of Vegetable Science, IARI, New Delhi110012

AbstractBitter gourd (Momordica charantia L.) breeding was initiated in India probablywith the first report of hybrid vigour as high as 191.3% for yield by B. P. Pal andH.B. Singh at IARI in 1946. They observed heterobeltiosis for number of male andfemale flower, vine length, fruit size and total yield per plant. The diverse morphologicalcharacters (i.e., sex expression, growth habit, maturity, and fruit shape, size, colourand surface texture of bitter gourd in India provide for relatively broad phenotypicspecies variation. The genetic diversity analysis based on morphological andmolecular markers has been well documented in this crop. The present paper reviewsthe genetic and molecular basis of bitter gourd breeding. Although bitter gourd has along cultivation history, the molecular research and breeding efforts have been startedlater than the other major cucurbitaceous vegetables. Our breeding strategy is mainlyfocused on yield, quality, maturity period, fruit characteristics, economic traits, etc.Research is also being carried out for disease resistance particularly to find out thesource of resistance and application of DNA markers in molecular breeding. In recentyears, various bitter gourd varieties have been bred with characteristics of high-yield, early maturity, strong female line, etc. mostly through selection by varietypurification, hybridization, heterosis and mutation breeding. Some remarkable bittergourd varieties/hybrids were Pusa Do Mausami, Pusa Vishesh, Kalyanpur Baramasi,Pant Karela 2, Hirkani, Priya, Preeti, Pusa Hyrid 2, Prachi, Abhishek, VNR-28 etc. Thebreeding strategies particularly strengthening the research on development andidentification of molecular makers for economic traits, marker assisted selection for



100 yield improvement need to be adopted frequently. This paper also deals with the useof micro-propagation for maintenance of gynoecious lines and extraction ofpredominately gynoecious genotype with high frequency of female flower wassystematically studied by using gynoecious lines. Use of modern molecular tools andtechniques such as transcriptome analysis, molecular mapping and their applicationin trait specific breeding is also discussed. The variety/hybrid suitable for protectedcultivation, resistant/tolerant to abiotic stresses resistance (high temperature, waterdeficiency, salt tolerance), non-bitter cultivars with high medicinal benefits [e.g.,proteins (charantin), polypeptides (polypeptide-K), glycoalkoloids, phenolics andother antioxidants], pest resistance (e.g, virus, powdery and downy mildew and fruitfly, red pumpkin beetle) and better  fruit quality [e.g., later seed maturity, minimizedridges, uniform green colour in a range of fruit size (small, medium, and large)] arethe  major breeding strategies for bitter gourd cultivation.
Present status and future breeding strategies

for improved cultivation of Bottle gourd
B.Varalakshmi1, Pitchaimuthu, M1 and D.C. Lakshman Reddy2

1Division of Vegetable Crops, 2Division of Plant Biotechnology
Indian Institute of Horticultural Research, Hessaraghatta Lake Post, Bangaluru-560 089

AbstractBottle gourd [Lagenaria siceraaria (Mol.) Standl; 2n=22] is one of the importantcucurbitaceous vegetable crops grown throughout the tropical and sub-tropicalregions of the world. It is considered to be one of the earliest species of plants to bedomesticated by humans, originated from Africa and cultivated in Africa, Asia andAmerica.  Bottle gourd is a cultivated annual monoecious species, with five wildperennial dioecious species, namely L. brevifilora, L. rufa, L. sphaerica, L. abyssiniaand L. guineensis which are confined to Africa and Madagascar. In India, it occupiesan area of 1, 13,920 ha with a production of 20, 89,890 t and a productivity of 18.34t/ha (NHB Database, 2013). It is cultivated in Uttar Pradesh, Punjab, Gujarat, Assam,Meghalaya, Rajasthan, Karnataka, Tamil Nadu, Andhra Pradesh and Kerala for immaturefruits which are used for culinary purposes. Bottle gourd is a rich source of vitamins,carbohydrates, proteins, fats and minerals. The seed kernels contain 45% oil andabout 35% protein. In West Africa, mature seeds are used in sauces; dry shells ofdifferently shaped fruits are still being used as utensils or decorative ornaments andmusical instruments. Of late, in India bottle gourd is attaining fast popularity amongthe health conscious urban elite because of its antioxidant, an antidiabetic and anti-obese properties.  However, caution must be exercised not to consume ‘bitter’ bottlegourd juice which poses serious health problems. The increased awareness about



101bottle gourd health benefits has encouraged round the year cultivation of thispotentially important vegetable in almost all parts of the country, except in very coolregions during winter. Different types i.e. long, round and oblong types are generallygrown but for the export generally cylindrical fruits are preferred.Bottle gourd breeding has started initially at IARI, New Delhi and IIHR,Bangalore way back in 1970’s with an objective to improve the yield potential of thiscrop. In this direction, the first improved varieties, Pusa Summer Prolific Long andPusa Summer Prolific Round from IARI were released for commercial cultivation in1975, followed by Arka Bahar from IIHR, Bangalore during 1984.  Later on researchon bottle gourd has started at many other ICAR Institutes and SAU’s viz., IIVR, Varanasi,NDUA&T, Faizabad, PAU, Ludhiana, GBPAUT, Pantnagar, CSAUA&T, Kanpur etc., forthe improvement of yield in different genetic backgrounds. This has resulted in therelease of several high yielding varieties like, Narendra Jyothi, Narendra Dharidar,Kashi Ganga, Pusa Naveen, Pusa Sandesh, Punjab Komal, Pant Lauki etc.  Bottle gourdbeing highly cross pollinated vegetable crop, maintenance breeding of open pollinatedvarieties poses a biggest challenge to the breeders. Subsequently the focus of bottlegourd breeding in the country has shifted towards the development of hybrids whichensures uniformity of the produce, in addition to the several well-known advantageslike, increased yield potential with the expression of very high hybrid vigour (106-115%), ease of the production of F1 hybrids and the ability to produce large quantityof seeds per pollination.  This has paved the way for the release of several highyielding hybrids viz., Pusa Megdhut, Pusa Manjari, Pusa Hybrid-2, Kashi Bahar,Narendra Shankar Lauki etc., by the public sector organizations and many popularhybrids like, Warad, NS-421, Mridula, Raveena, Arya, Anmol, Gadda etc., by the Privatesector companies in India.In spite of the availability of many varieties and hybrids in the country, still theproductivity of bottle gourd hovers around 18t/ha only. Main reasons for this lowproductivity can be attributed to major production constraints like outdatedproduction practices followed, non-availability of varieties resistant to abiotic andbiotic stresses. Majority of lines are highly susceptible to low temperature (below 8oC)and usually die if the temperature drops below 5oC. Fruit setting is affected adversely invery hot summer (around or above 40oC) due to either very poor or no activity ofinsect pollinators. Among the germplasm, variability for these traits is observed andbreeding off-season cultivars may be feasible. Downy mildew (Pseudoperonospora
cubensis) is a serious disease and crop damage can go up to 80-90% during rainyseason and powdery mildew (Sphaerotheca fuliginea) is serious during early summersand damage ranges from 50-60%. At times, anthracnose, cercospora leaf spot, fusariumwilt and cucumber mosaic virus also cause serious crop losses to the growers throughreduction in growth and yield. Of late, gummy stem blight (Didymella bryoniae) isbecoming a very serious problem of bottle gourd cultivation. Fruit fly is the majorinsect problem (about 50% damage) and white flies pose a serious risk as vectortransmitting viral diseases caused by poty virus in bottle gourd.



102 Though rich diversity of bottle gourd is available in India, so far most of theresearch was only aimed at the improvement of yield through conventionalbreeding methods. Development of bottle gourd varieties/hybrids with pest anddisease resistance will not only enhance the productivity of bottle gourd but alsoensures safe production by reducing the pesticide application thereby avoidinghuman health hazards. Very little attention was given for resistant breeding in bottlegourd, apart from few scattered studies conducted to locate the source of resistanceto some of these diseases and pests. They identified the bottle gourd genotypes,Gutkha, Sarika, Kaveri, IIHR-8-1 and VRBG-12 as resistant to downy mildew; GH-3,GH-9 and winter Ghiya -1 as resistant to anthracnose; IIHR-8-1, IIHR-19-1 andIIHR-23 as resistant against powdery mildew; Pusa Naveen, Pusa Santushti, PusaSamridhi and Pusa Sandesh were moderately resistant against Cercospora leaf spotand  Elina was resistant to fruit fly. Further systematic research on these identifiedsources is yet to be conducted to develop disease and pest resistant cultivars.Identified bottle gourd germplasm with peculiar leafy calyx in male flowers andsegmented leaf type can be utilized as morphological markers in the conventionalbreeding programs.Identification of molecular markers linked to disease and pest resistance willsignificantly hasten the conventional breeding programs through marker assistedselection. Even though, bottle gourd is important cucurbit with a relatively smallgenome size of 334Mb, at present, very few molecular genetic/genomic resourcesare available in public domains like NCBI. Molecular breeding work has beeninitiated very recently in India with basic research on identification if molecularmarkers for assessing genetic diversity existing in the gene pool.  Internationallyalso very little research work has been done on bottle gourd, that too in the interestof bottle gourd being used as an efficient rootstock for watermelon cultivation. InUSA, Japan and Israel in order to provide healthy and efficient rootstocks, sourcesof resistance against various biotic stresses like fusarium (FR-Ganggeon and FR-Sinsegye), powdery mildew (PI 271353) and virus (PI 271357 and PI 271359,USVL-1-8 and USVL-5-5) were identified in bottle gourd. Transgenic ‘sCAX2B bottlegourd’ rootstock developed in Korea has improved watermelon quality throughthe translocation of nutrients and/or water toward enhancing the biomass of scion.Partial sequencing of bottle gourd genome by Pei Xu et al., (2011) from Chinaresulted in the development of 402 SSR markers which may hasten marker assistedbreeding programs for efficient incorporation of desired traits. In order to protectthe plant breeders and farmers rights, Protection of Plant Varieties & Farmers RightsAuthority (PPV&FRA), New Delhi has recently notified Bottle gourd crop forregistration.  Keeping all these aspects in view, the concerted efforts put in for thecrop improvement and production technology would probably not only increasebottle gourd productivity in the country but also ensures its due place amongvegetables which it deserves.



103Future thrusts:1. Emphasis should be laid to develop varieties/hybrids resistant to majordiseases like downy mildew, powdery mildew & gummy stem blight and pestslike fruit fly integrating marker assisted selection.2. Development of bottle gourd varieties/hybrids with low and high temperaturetolerance should be given priority to expand the area of cultivation and toensure year round availability.3. Root stock breeding for the development of efficient bottle gourd rootstockswith disease and pest resistance needs to be initiated.4. Development of varieties with different shapes and colors with decorative/ornamental purposes can be attempted to tap their export potential.5. Scope of development of varieties rich in seed oil and protein can be exploredwhich may become  an easy-to grow source of protein and oil in the hothumid tropics
Present status, and future breeding strategies for improved

cultivation of ridge gourd and sponge gourd
A.D. Munshi, A.K. Sureja and T.K. Behera

Division of Vegetable Science, IARI, New Delhi-110 012

AbstractThe genus Luffa (2n = 2x = 26) is economically important to tropical agriculture,where some of its members posssess relatively high nutritive value and importantmedicinal attributes.  Well known members of this genus include Luffa cylindrica (L.)M.J. Roemer and Luffa acutangula (L.) Roxbury which are extremely popular as avegetable in the tropical and subtropical regions of the World and are widely cultivatedin India, Southeast Asia, China, Japan, and areas of Africa.The goals for sponge and ridge gourd cultivar development include increasedplant productivity (i.e., increased fruits per plant) which can be achieved by breedingfor increased lateral branching, higher femaleness (i.e., female:male sex ratio), greaterfrequency of the first pistillate flower originating at a lower nodes, and earlier fruitmaturity.  Increased fruit quality can be obtained through breeding for uniform, thin,cylindrical medium-long (25-35 cm) non-fibrous fruits that are bitter-free, possesstender skins but have a relatively long shelf life. Selection is practiced against blossom-end (e.g., enlarged blossom-ends) and stem-end (e.g., thick stem-ends) anomalies.



104 Both yield and fruit quality can be enhanced by incorporating genes for insect and diseaseresistance (e.g., fruit fly, red pumpkin beetle, powdery mildew, downy mildew, and virus)during cultivar development.  Acceptable fruit color is consumer dependent, where whitishgreen, light green or dark green fruits are preferred in sponge gourd and green or darkgreen fruits are sought after in ridge gourd. Breeding objectives are also based oncommercial use.  For instance, sponges derived from sponge gourd must be elongate inshape, uniform, light colored, debris- and seed-free. Sponges must also be firm, possess astrong network of fibres of moderate mesh, and have a length of at least 35 cm.With a view to develop nutritious ridge gourd variety, a field as well as alaboratory study was conducted (Karmakar et al., 2013) to quantify and enumeratethe genetic control for antioxidant properties and mineral content in fruits. Thehybrids were found to be superior over their parents for various nutritional traitssuch as ascorbic acid, total carotenoids and total phenolics content; in vitro antioxidantactivity in the form of DPPH-RSA, ABTS-RSA and CUPRAC; and P, K, Ca, Na, S, Fe, Znand Mn content in the fruits. All the nutritional parameters exhibited higher values ofdominance variance over the additive genetic variance, more than unity value ofaverage degree of dominance and low narrow-sense heritability (\50 %). Theantioxidants and mineral content in the fresh fruits are predominantly attributed bythe non-additive genetic component. Hence, the various tools of hybrid breedingwould be useful to breed antioxidants- and minerals-rich genotypes of ridge gourd.Karmakar etal (2012) further observed highly significant mean squares due toparents, hybrids and parents versus hybrids; and GCA and SCA for yield andantioxidants (ascorbic acid, totalcarotenoids, total phenolics, DPPH-RSA, ABTS-RSAand CUPRAC assay) indicate the existence of abundant genetic variation. The per seperformance and combining ability of hermaphrodite parents (Satputia Long andSatputia Small) and hybrids of ‘‘monoecious 9 hermaphrodite’’ cross were found tobe superior for antioxidants along with yield potential. The cross combinations withsuperior per se performance coupled with high SCA estimates and having at least onehermaphrodite parent would be useful for concentratingdesirable alleles to improvethe antioxidants and yield simultaneously. Thus, hermaphrodite lines in combinationwith monoecious counterpart have enormous potential to breed ‘‘genotypes forhigher antioxidants’’without compromising yield in ridge gourd.Pradeepkumar et al. (2012) identified cytoplasmic male sterility (CMS) in ridgegourd, where two dominant male fertility restorer nuclear genes (Rf1 and Rf2; eitherin homozygous dominant or heterozygous dominant condition) with complementarygene action are responsible for the restoration of male fertility.  These genes weredetected in cross-progeny originating from crosses made between a male sterile (MS)and male fertile ridge gourd lines.Inheritances of hermaphorditsm in ridge gourd was studied by Karmakar et al.(2012) and found that the trait was governed by two recessive genes. On the basis ofthe information obtained, Munshi et al. (2013) developed a genetic stock of



105gynoecious ridge gourd which segregates into 50% gynoecious plants and 50%hermaphrodite plants (satputia type) and the gynoecy was maintained by sibbingwith hermaphrodite line.Sponge gourd in India is severely affected by Tomato Leaf Curl New DelhiVirus (ToLCNDV), where it can cause 100% crop loss during the rainy season.  Islam
et al. (2010) studied the inheritance of resistance to ToLCNDV and found thatresistance to this virus is controlled by a single dominant gene resident in lines DSG-6and DSG-7. Subsequently, Islam et al. (2011) used bulk segregant analysis (BSA) toidentified two sequence-related amplified polymorphism (SRAP) markers wereclosely linked to the ToLCNDV-susceptible gene, while two SRAP markers were closely-linked to the resistance gene. Given their linkage relationships to resistance genes,these markers are candidates for marker-assisted selection (MAS), which couldprovide for more efficient early seedling disease selection that would reduce the timeof ToLCNDV-resistant cultivars.Munshi et al. (2012) recently developed a sponge gourd germplasm, ‘DSG-6’,that is highly resistant to Tomato Leaf Curl New Delhi Virus (ToLCNDV).  Subsequently,Saha et al. (2013) amplified the nucleotide-binding site (NBS) domain of the putativeresistance gene candidates (RGCs) from DSG-6.  Sixteen non-redundant RGCssequences with un-interrupted open reading frames (ORFs) and high amino acidsequence homologies (60–98%) to various nucleotide-binding site leucine-rich repeat(NBS-LRR) proteins were identified using the GenBank database. Of these, six and tensponge gourd (sg) RGCs are associated with the Toll Interleukin Receptor (TIR) andnon-TIR group of NBS-LRR genes, respectively. The sgRGCs consist of conserved NB-ARC [homologous region shared with APAF-1 (apoptotic protease-activating factor-1), R proteins and CED-4 (Caenorhabditis elegans death-4 protein)] domain from theP-loop nucleoside triphosphatase (NTPase) family with characteristic P-loop, Kinase-2, RNBS-A, Kinase-3A, and GLPL motifs. The comparative analysis of expressionprofiles of sgRGCs in asymptomatic and field-driven symptomatic leaf tissues ofToLCNDV resistant and susceptible genotypes indicate that the expression of theRGCLc28 motif in resistant genotypes are consistent. The differentially expressedRGCLc28 motif of DSG-6 has a strong association with the resistance trait against theleaf curl and mosaic disease in sponge gourd and may serve as important genomicresource for candidate gene discovery in future in Luffa.Most of the genetic improvement in sponge gourd and ridge gourd has beenthe result of rigorous phenotypic selection which has resulted in the release of manypopular open-pollinated cultivars in Asia, particularly India. Over the last two decades,heterosis breeding has been exploited and numerous high performance F1 hybridshave been developed in Luffa species, particularly in China. In the future, spongegourd and ridge gourd breeding will emphasize the development of nutritious, high-yielding cultivars with superior resistance to major diseases and exceptional fruitquality for both domestic and foreign markets.



106 Present status and future breeding strategies
for improved cultivation of Cucumber and
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AbstractThe genus Cucumis consists of 52 species, out of these 20 are cultivated extensivelyfor human consumption all over the world. Among these, both Cucumber(Cucumis sativus) and native melons viz., Snap melon (Cucumis melo var. momordica),Long melon (C. melo var. utilissimus), Oriental pickling melon (C. melo. var. canomon),acidulous and makuwa (Dosakai) and Kachri (C. callosus) are important cucurbitaceousvegetables originated from India (Chakravarthy 1982). These are used as salad, pickle,cooked vegetables when unripe and reservoir of genes governing important traits suchas yield, nutritional quality and various biotic and abiotic stress resistance. In India,cucumber and gherkin are grown in an area of 26,500 ha with a production of 1.68million tones and a productivity of 7.5 t/ha.  Melons are cultivated in an area of 44,500ha with a production of 1 million tones (FAO STAT 2012). India, being primary centerof origin for cucumber and native melons, so far research focus was on genetic diversity,collection, evaluation and conservation. Species distribution studies were done byseveral workers to exploit this diversity for heterosis. During 1970, first gynoecious F1hybrid, Pusa Sanyog was developed at IARI with high yield (76 % heterosis), but it wasonly suitable for cooler conditions, did not perform well under Northern and southernplains (Gill et al 1973). Later on several tropical gynoecious hybrids viz., DCH-1 andDCH-2 suitable for high temperature tolerance and long day conditions (More 1993);Phule Prachi and Phlue Champa tropical gynoecious promising F1 hybrids (More et al.,2002), PCUCH-1 and four parthenocarpic hybrids for high yield and better quality(Dinesh Kumar & Singh et al., 2005); AACUH-1 AACUH-2 were released by variouspublic sector Institutes. Open pollinated varieties namely DC-2 (Pusa Uday), Poinsett,Himangi, Poona Khira, Balam Khira,  Swarna Poorna and Swarna Agethi  were developedand commercialized. However none of these varieties or hybrids are resistant to downymildew and CGMMV. Research on resistance against mildews through conventional andmolecular breeding approaches is currently underway in both ICAR Institutes and SAU’sviz., IIHR, IARI, IIVR, GBPUA&T, MPKV and YSPUH&F. Two advance lines IIHR-177-1and SM 12735 were identified for multiple disease resistance to PM, DM and alternariaat IIHR, Bangalore (Pitchaimuthu et al., 2012), DVRM-1 was identified as CGMMVresistant source and Poinsett was identified as mildew resistant variety only undernorthern India conditions.



107    Presently, our focus is on breeding cucumber for refinement of populationsderived from intercrossing elite and/or exotic germplasm, the development of inbredlines and commercially acceptable F1 hybrids resistant to biotic stresses (downymildew, powdery mildew, CGMMV, CMV & fruit borer) in both slicing and picklingtypes through phenotypic (PHE) and marker-assisted (MAS) selection.   Cucumberhas very narrow genetic base, small genome size (~780 Mega base pairs); lowchromosome number, and rapid life cycle (three cycles per year) (Staub and Meglic,1993)  and amenable to MAS because it is the first vegetable crop species to besequenced. Cucumber genome will provide an invaluable genomic resources forbiological research and breeding of cucurbits (Huang, Sanwen, et al. 2009). In recentyears, different molecular markers (RAPD, RFLP, ISSR, AFLP, SSRs, and SNPs) havebeen employed for the investigation of cultivar origins and taxonomic relationshipsof several plant species. Use of molecular breeding will increase selection efficacyand reduce breeding cycle size of the population through MAS during back crossbreeding and population improvement (Robbins and Staub 2009).  Weng et al., (2010)evaluated 821 cucumber genomic SSR primer pairs for map construction, 140(17.0%) were polymorphic between the mapping parents. Behera et al., (2010)reported PHE and MAS for yield improvement. In order to increase genetic diversityin cucumber, marker-assisted strategy was used through introgression, backcrossingemploying    C. hytivus as a parent (Behera et al., 2011). Pandey et al., (2013)investigated the genetic variation among 44 cucumber accessions usingmorphological and SSR markers. They observed that the clustering pattern of SSRmarkers was not in consonance with the groupings based on quantitative traits. Thegenomic basis of divergence among the cultivated populations was investigated inthis study and a natural genetic variant in a â-carotene hydroxylase gene that couldbe used to breed cucumbers with enhanced nutritional value was discovered. Suchinvestigations of the genome will form the basis for future genomics-enabled breeding(Qi et al. 2013).Most of the native melons in India are cultivated mainly under river bedcultivation and homestead gardens in small pockets. There was no specializedimprovement techniques followed except by selection. The improvement of longmelon in India was taken up at PAU (Ludhiana), IIVR (Varanasi) and IIHR, (Bangalore).Arka Sheetal has been developed and released through selection at IIHR, Bangaloreand Punjab Long Melon-l (H-l0) was developed through selection at PAU, Ludhiana.In case of snap melon/phoot is vegetable for an arid and semi-arid regions of Rajasthan.Few promising genotypes viz., AHS6, AHS 10, AHS 50, AHS 54, AHS 64 and AHS 82,have been developed and recommended for cultivation by CIAH, Bikaner, RecentlyIARI, New Delhi, has identified Pusa Shandar for release. Out of 30 genotypes evaluatedduring spring-summer season, SM 4, SM 7(O), SM 15-1, SM 18, SM 25, DBSM and AP6 were found suitable for different yield attributing characters.  In case of orientalpickling melon (Kani vellari); three varieties viz., Mudikodu local, Soubhagya andArunima were released by Kerala Agricultural University. Budamakaya   (cooking



108 cucumber type) has very hard rind and crips flesh with very good keeping quality.Kachri (Cucumis callosus) confined to arid desert region of Rajasthan, is now semidomesticated for its small fruits with little edible portion. CIAH, Bikaner released twotypes of kachri, AHK-119 and AHK-200 (Seshadri VS and More T.A, 2009). Major  breeding problem in   native melons   is lack of genetic variability  presentin our Indian genetic stock  for various traits, lack of stable sources of resistance tobiotc and abiotic stress (Downy mildew, CGMMV, CMV, Gummy stem blight,  fusaruimwilt and nematodes,  fruit borer, fruit fly and  leaf minor),  lack of moisture stresstolerant varieties and crossing barrier like post fertilization (embryo abortion)  whichhave to be studied in  depth in the near future.  Dwivedi, et al., (2010) reportedsufficient diversity in 121 accessions of 5 different Cucumis wild species collectedfrom the part of Aravalli ranges of north-western India.  In melons, 375 Mb of thedouble-haploid line DHL92, representing 83.3% of the estimated melon genome hasbeen sequenced by Garcia-Mas et al., in 2012. Recently Mallik et al. (2014) reporteddiversity in 88 landraces from three melon Groups in two subspecies (C. melo subsp.
Agrestis Momordica Group, C. melo sub sp. melo Cantalupensis Group and ReticulatusGroup) which were collected from the four agro-ecological regions (six sub-regions)of two northern states of the Indo-Gangetic plains of India namely Uttar Pradesh andUttarakhand.  Recently SNP markers for genes belonging to major fruit metabolicpath ways were developedFuture strategies should be to use of parthenocarpic genes to increase yieldand fruit quality in Cucumis species. The use of new technologies (e.g., molecularmarkers) and genetic stocks [e.g., RIL and nearly-isogenic lines (NIL)] will beincreased in the future as they augment very well with conventional breeding.Technologies available in the present day, like next generation sequencing, are helpingbiologists decipher genome information in a short span of time and apply it to generategenomic information for important horticultural crops.  NGS has led to sequencing ofwhole genomes and transcriptomes provide opportunity for discovery of new, usefulinformation on the genetic control of important traits. Converting these into genetictools like markers would enhance the efficiency and accelerate the breeding of thesecrops compared to conventional phenotype-based approaches. Currently, theapplication of these technologies is much slower in horticultural crops compared toothers crops like cereals.
Future Thrusts:1. Survey, collection, characterization and utilization of vast number of nativemelons viz., Cucumis melo. Var. momordica, (Dosaikai) from Andhra Pradesh,

Cucumis melo. var. cannomen from  Kerala  and Karnataka, Snap melon C.
melo var. utilisimus/acidulous, agristris (phoot) from Goa and UP2. Identification and documentation of superior lines /varieties in various nativemelons and cucumbers



1093. Incorporation of  gynoecious and  parthenocarpic traits  in to tropicalcucumber lines4. Development of downy mildew resistant cucumber hybrids for both openfield and polyhouse cultivation with high yield and good qualities.5. Use of pollinators and bee hives to increase fruit set and yield in native melonsand cucumbers.6. Use of reliable molecular markers to enhance and efficiency of breeding cycleand also distinguish hybrid seeds and selfed seeds
Selected references:Behera, T.K. , Jack E. Staub, Snigdha Behera and Shanna Mason (2010)  Response tophenotypic and marker assisted selection for yield and quality component traitsin cucumber (Cucumis sativus L), Euphytica 171:417-425Chakravarthy HL (1982) Fascicles of flora of India –II Cucurbitaceae. Botanical Surveyof India, Calcutta, pp 30-38.Dwivedi, N.K, O.P. Dhariwal, S. Goplala Krishnan and D.C Bhadari (2010) Distributionand extent of diversity in Cucumis species in the Aravalli ranges of India. Genet.

Resour.Crop Evol  57 :443-4452.Fergany, M., Kaur, B., Monforte, A. J., Pitrat, M., Rys, C., Lecoq, H., ... & Dhaliwal, S. S.(2011). Variation in melon (Cucumis melo) landraces adapted to the humid tropicsof southern India. Genetic Resources and Crop Evolution, 58(2), 225-243.Garcia-Mas, Jordi, et al. “The genome of melon (Cucumis melo L.).” Proceedings of the
National Academy of Sciences 109.29 (2012): 11872-11877.Huang, Sanwen, et al. 2009 “The genome of the cucumber (Cucumis sativus L.)”
Nature genetics 41.12 (2009): 1275-1281.Jack E. Staub1;_, Felix C. Serquen1 & James D. McCreight (1997) Genetic diversity incucumber (Cucumis sativus L.): III. An evaluation of Indian germplasm. Genetic
Resources and Crop Evolution 44: 315–326, 1997.More, T.A.(1993) Development and exploitation of gynoecious lines in hybrid varietiesin Cucumber. In: Golden Jubilee Symp. on Horticultural Research– ChangingScenario, Bangalore, May24-28, 1993 Abstracts 3.15 p.72More, T.A.(2002) Development and exploitation of tropical gynoecious lines incucumber (Cucumis sativus L.) . Acta Horticulture 588: 261-267Mallik, A. A., Vashisht, V. K., Singh, K., Sharma, A., Singh, D. K., Singh, H., ... & Dhillon, N.P. (2014). Diversity among melon (Cucumis melo L.) landraces from the Indo-Gangetic plains of India and their genetic relationship with USA melon cultivars.
Genetic Resources and Crop Evolution, 1-20.
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Present status and future breeding strategies
for improved cultivation of pumpkin

Prashant Kumar
Senior Breeder-Vegetables (cucurbit crops), Rasi Seeds (P) Ltd., Bangalore

AbstractPumpkin belongs to the Cucurbita genus of economically important Cucurbitaceaefamily. The genus Cucurbita consists of 27 species, five of which are cultivated,namely, C. pepo L., C. moschata Duch. Ex Poir, C. maxima Duch., C. argyrospermaHuber and C. ficifolia Bouche. The pumpkin, Cucurbita moschata Duch. Ex Poir is themost commonly grown Cucurbita species in India, which is grown commercially aswell as a backyard crop. Production is scattered throughout all vegetable growingareas of the country. The major production areas include Uttar Pradesh, Rajasthan,West Bengal, Odisha, Madhya Pradesh, Chhattisgarh, Maharashtra, Tamil Nadu, Keralaand Karnataka. The acreage varies year to year because the crop can be grown almostanywhere with only a small capital investment. It is an underutilized cucurbit cropwith an excellent economic potential and nutritional importance. It is less in caloriesbut contains vitamin A and flavonoid poly-phenolic antioxidants such as leutin,



111xanthins, and carotenes in abundance. There has recently been increased interest inpumpkin production in India primarily as a fresh market vegetable crop.Although there have been significant varietal developments of pumpkins overthe years in India, but there is still much room for improvement through conventionalplant breeding approaches. Previously improvement had been mainly by selectionfrom local types. Some of the improved varieties of pumpkin developed by differentinstitutes and State Agricultural Universities are Arka Chandan, Pusa Viswas, PusaVikas, CO-1, CO-2, Sooraj (CM-350), Saras, Ambili (CM-14), Narendra Amrit, NarendraAgrim, Kashi Harit and Solan Badami. Only two F1 hybrids viz. Pusa Hybrid-1 andNDPKH-1 have been developed in country by the public sector. There are severallocal types of pumpkin grown in different regions of the country. Among the notedcultivars are Indori Local of Madhya Pradesh, Bhadahi of U.P., Baidyabati and Chaitaliof West Bengal. In recent years a good number of pumpkin hybrids have beendeveloped and released for commercial cultivation by private seed companies. Someof the major companies working on pumpkin breeding in India are East West,MAHYCO, Century, VNR Seeds, Rasi Seeds and Bejo Sheetal.Disease susceptibility, non-availability of widely adaptable varieties/hybridsand widespread use of low quality seed are the major limiting factors in harnessingthe actual available market potential of pumpkin crop. Pumpkins are threatened bynumerous fungal, bacterial and viral diseases. Viral diseases caused by Zucchini Yellow
Mosaic Virus (ZYMV), Papaya Ringspot Virus (PRSV) and Squash Leaf Curl Virus(SqLCV) are the major limitations of pumpkin cultivation in India. Viral diseases cancause up to 100% yield losses in pumpkin.Breeding for increased productivity, earliness, plant characteristics, improvedfruit colour and morphology are still major objectives of the current pumpkinbreeding programme in India. It should shift towards development of disease resistantvariety/hybrids in prioritized market segments coupled with quality attributes, morecompact plant growth habit and adaptability to various agro-climatic conditions.Rich genetic diversity of pumpkins in India may serve as the genetic stock to thepumpkin breeders for the development of high yielding and improved varieties andhybrids. It is now the time to utilize the available resources and opportunities toaccelerate the breeding programmes by prioritizing the goals for developing hybrids/varieties resistant to disease (mainly viruses) with other desired traits of consumerand grower preference. The future strategies for pursuing pumpkin research shouldalso aim at enriching the germplasm pool and their assessment at target locations forbetter quality, yield potential and resistance to biotic and abiotic stresses, developmentof molecular markers for desirable traits, development of value added products, andfinally making them available to the farmers.



112 Present Status and future breeding strategies
for improved cultivation of ash gourd, ivy
gourd and creeping cucumber (Melothria)

Sudhakar Pandey and P. Karmakar
Indian Institute of Vegetable Research, Post Box-01,

P.O.-Jakhani (Shahnshahpur) Varanasi-221305

AbstractAsh gourd is popularly known as winter melon, wax gourd, white gourd, Chinesepreserving melon or white pumpkin. It belongs to a monotypic genus Benincasaof cucurbitaceae family with a single cultivated species hispida. It is grown in SouthEast Asia, China and India. In India, it is grown in Punjab, Uttar Pradesh, Bihar, WestBengal; northeastern hill (NEH) states; Orissa, Kerala and Tamil Nadu on commercialscale, however, sporadically throughout India. Uttar Pradesh ranks top for area andproduction among the states cultivating ash gourd. Large numbers of recipes of ashgourd are well known in India. The immature fruit is used as culinary vegetable inWest Bengal, Orissa, Kerala, Tamil Nadu and NEH Region of India for preparing varietyof dishes. Ash gourd is a nutritionally rich fruit containing vitamins and minerals likecalcium, potassium, iron and zinc which are essentially required in human diet. Theash gourd is mentioned in ancient Ayurvedic texts like Charaka Samhita and Ashtanga
Hridaya Samhita for its many nutritional and medicinal properties. Fully ripened ormature fruits are used for preparation of petha (candy), sweet or bari in Uttar Pradesh.In ash gourd, for petha preparation big size (10-15 kg) oval to cylindrical fruits arerequired, while for household consumption small cylindrical cultivar (1-2 kg) withoutash is in demand. The ICAR institute and SAU’s have taken the initiative for developingash gourd varieties suitable for petha processing. Seven promising varieties ‘KashiUjawal’, ‘Kashi Dhawal’, ‘Kashi Surbhi’, KAG-1, Pusa Ujjwal, PAG-72 and 2 hybridsDAGH-14, DAGH-16 have been released/identified. Generally, yield of ash gourd is35-40 t/ha but use of improved varieties with efficient agronomic practices andnutrient management, it has shown the yield potential of up to 100 t/ha. Theprocessing method of crystallized petha and Kashi petha (petha with sugar syrup)has also been standardized by IIVR with modification of commercial process.Cultivation of these varieties by farmers has increased their income and alsopromoting large farmers for establishment of petha processing unit to start up as asmall scale business. Seedless fruits are easy for processing hence breeding for seedless,or fruits with less seeds and wax less genotype may be the focus of present researchfor consumption purpose. There is further scope for enhancement of nutritionalquality of fruits. Thus, there are large opportunities for scientists to explore this cropin various research aspects. There is need to promote the crop as one of the main



113component of vegetable diet. The farmers must be promoted for cultivating newvarieties and establishing small scale petha processing units to earn handsome profitsin return.
Coccinia grandis (L.) J. Voigt, is a commonly known as ivy gourd, little gourd,kundru, scarlet gourd, tindori, tindola, and kovai kai. It is native Africa, India, and Asia.The genus Coccinia has 30 species confined to tropical Africa, except ivy gourd(Coccinia grandis). Ivy gourd occurs wild from Senegal east to Somalia and south toTanzania, Saudi Arabia, Yemen and India. Ivy gourd was introduced by humanscommonly as a food crop to several countries in Asia, Australia, Pacific Islands, theCaribbean, and southern United States. It is a diploid species with 2n=14. Ivy gourd isan underexploited cucurbitaceous vegetable cultivated almost throughout India. Thetender fruit of this crop is used as a cooked vegetable. This plant has used in theindigenous system of medicine in the treatment of diseases such as skin infections,bronchitis and diabetics. The fruit contains appreciable amounts of iron, vitamin Aand vitamin C. The tender shoots of the plant are sometimes used as pot-herbs. Ivygourd is a dioecious, perennial, and herbaceous climber, with glabrous stems, tuberousroots, and axillary tendrils. Fruit is a smooth, green with or without strips, ovoid toellipsoid berry (2.5–6 cm). Considerable variability of the crop has been observed inKarnataka, Andhra Pradesh, Tamil Nadu, Uttar Pradesh, Bihar and northern parts ofKerala. Practically little crop improvement work has been attempted on this crop.Though, locally available landraces are prevalent among the farmers, some improvedcultivar i.e.; Indira Kundru-05, Indira Kundru-35, Co-1 and Kashi Bharpoor has beendeveloped through clonal selection. The developed cultivars may be multiplied atlarge scale and should reach to the farmers. The available variability needs to becollect, conserve and utilized for selection of promising clone. Being an indigenouscrop, nutraceutical properties along with active compound should be studied. Ivygourd is a winter deciduous and during cool and dry season it becomes dormant.Therefore, germplasm should be screened for less dormancy period to facilitate itscultivation round the year. Foliar diseases like anthracnose, powdery and downymildew reported in this crop but extent of damage not studied and documented. Thecommon insect includes fruit fly, vine borer and spider mites. Being, a vegetativelypropagated and cross pollinated crop, there is immense possibility to develop heteroticcombinations and individual plant selection. Sex linked markers may be identifiedfor screening of male at seedling stage.Creeping cucumber (Solena amplexicaulis Lam.) is diploid species with 2n=24and rarely known underutilized diocious cucurbit. It is also known as ban-kundri inBengali, gometti in Marathi and kaduri in Hindi. In tribal region of Odisha tenderfruits are used as curry and fried vegetable. Beside, this it can also be used as saladpurpose. The tubers, leaves and seeds are extensively used in traditional system forvarious ailments like hepatosplenomegaly, spermatorrhoea, appetizer, cardiotonic,diuretic and thermogenic. Root is stimulant and purgative. The leaves have goodanti-inflammatory activity and also prescribed for skin lesions and other skin diseases.



114 The whole plant is determined to be a potential source of natural antioxidant activityand also used for the treatment of diabetes. This crop is originated in tropical Asiamore specifically in the Indian subcontinent. Beside India, it is distributed in Sri Lanka,Bangladesh, Nepal, China, Indonesia and Vietnam. In India it is found in Kerala,Maharashtra, hilly region of Odisha, Jharkhand, part of West Bengal, Chhattisgarh,Karnataka and North Eastern hilly region.  Plants are herbaceous or woody climberor trailer, 2–6 m long, with tuberous roots. Leaves simple, shortly petiolate to sessile,the blade ovate or elliptic, very variable, base cordate or hastate, to 22 cm long;tendrils simple, glabrous. Flowers small; male flowers in condensed racemes, femaleflowers solitary. This crop is commercially propagated through tuberous root,whereas seeds and stem cuttings can also be used for propagation. Till date no systemiccrop improvement work was started. If proper insight on research related to geneticimprovement was given, then it can be future cucurbitaceous crop of India. So thereis an urgent need of collection, characterization, documentation and conservation ofavailable variability. Among the collected variability, clonal selection may beperformed to select best one and quality planting material may be distributed amongthe farmers for commercial cultivation. The package of practices needs to bestandardized and needs popularization to farmers. Tissue culture protocols needs tobe standardized for better conservation.
Wide hybridization studies

in the genus Momordica
L. K. Bharathi

Central Horticultural Experiment Station, Aiginia, Bhubaneswar

AbstractThe genus Momordica is a native of paleotropics, comprises of about 60 speciesdistributed in the warm tropics of both hemispheres, chiefly in Africa, out ofwhich 11 species are reported to occur in South East Asia. According to the latestrevision of the genus, India is represented by four dioecious species and threemonoecious species. The genus includes a major commercial vegetable crop bittergourd (Momordica charantia L.), and a semi domesticated vegetable crop teasel gourd(M. subangulata Blume subsp. renigera (G. Don) de Wilde). Apart from bitter gourdand teasel gourd all the Momordica species occurring in India bear edible fruitsesteemed for their medicinal, nutritional properties and taste. Among the monoecious
Momordica species, the two botanical varieties (var. charantia & var. muricata) werecross compatible in either direction with high fruit and seed set. However, the F1



115hybrid showed a reduction in fruit shape and size. Hybrid seeds were difficult toobtain between M. charantia and M. balsamina. But, the F1 hybrid showed a highbivalent frequency, normal meiotic cycle. From the breeding point of view, the barriersappear to be post zygotic and methods liken embryo rescue may be employed torescue the hybrids for further evaluation. Among the dioecious species viz. M. dioica,
M. subangulata subsp. renigera, M. cochinchinensis and M. sahyadrica, fertile F1 hybridcould be obtained between M. dioica and M. sahyadrica without any special treatment.Though F1 hybrids have been developed without much difficulty in other crosscombinations, the hybrid plants were sterile. However, recently, the fertility of the F1hybrid in cross combinations viz. M. subangulata subsp. renigera × M. dioica and M.
dioica × M. cochinchinensis. There have been few attempts at inter-specific crossesbetween monoecious group and dioecious group but none succeeded so far. Thereason for their incompatibility were attributed to poor pollen germination andinhibition of growth of pollen tubes in the upper part of the style before reaching theembryo sac. A fully fertile interspecific (M. suboica), an autoallo polyploid wasprdocued by crossing natural tetraploid Momordica subangulata subsp. renigera(2n=4x=56) with induced tetraploid M. dioica (2n=4x=56) which can be propagatedeasily through root cutting, set fruits naturally (>90% fruit set), has extendedharvesting period and gives higher yield. The reason for the natural fruit set is due toinsect visits (moths & honey bees) due to strong musky scent which is inheritedfrom M. dioica. M. suboica combines the desirable attributes and this hybrid is expectedto revolutionize cultivation of teasel gourd and spine gourd by saving labour andbetter propagation efficiency.



116 Development and evaluation of parthenocarpic gynoecious
cucumber varieties for protected cultivation and preliminary

studies on inheritance of parthenocarpic traits
A. D.Munshi, T.K. Behera, and A.K. Sureja

Division of Vegetable Science, IARI, New Delhi-110012

AbstractParthenocarpic gynoecious cucumber varieties are suitable for polyhousecultivation as these varieties develop fruits automatically without any pollination.Now a days many of the private seed companies are selling varieties / F1 hybrid’s ofparthenocarpic cucumber at a very high price as their seeds are being sold on perseed basis. Keeping in view these facts, programme on development of parthenocarpicgynoecious varieties for protected cultivation was undertaken during 2010 at Divisionof Vegetable Science, IARI, New Delhi. The initial material was an exotic collectionwhich was broken by using Silver thiosulphate (3Mm) for induction of male flowersand individual plant selection was carried out and generations were advanced duringspring summer and kharif season respectively, under insect proof net house. In winterseason of 2013-14, seventeen breeding lines which were advanced to F8 and showingtrue gynoecious and parthenocarpic behaviour were evaluated under low costpolyhouse. The line DPaC-6 was observed as most promising as it expressed 25.0%and 16.7% higher yield than check Pant Parthenocarpic Cucumber- 2 and Asma,respectively. Though its yield (122.5 t/ha) was less than the best check F1 hybridKion (127.0 t/ha), it was statistically at par. The yield obtained by DPaC–6 (122.5 t/ha) can be considered as quite high since, it was obtained during off-season (winterseason) under low cost polyhouse without using any energy. The inheritance studiesof fruit skin colour and parthenocarpy was also conducted by crossing DPaC-6 andmonoecious cucumber variety Pusa Uday. The F1 progeny showed intermediatecolour between dark green DPaC-6 and light green Pusa Uday. The F1 progeny showedtrue gynoecious parthenocarpic behaviour as its fruits were seedless and developedwithout pollination which suggested that gynoecious parthenocarpic trait is governedby single dominant gene. The F1 progenies were advanced to F2 and also simultaneouslybackcrossed with parthenocarpic line DPaC-6 to confirm the monogenic dominantnature of parthenocarpy.



117Heterosis and combining ability studies in
ridge gourd [luffa acutangula (L.) roxb.]

Anand Narasannavar, Prakash, M.  Kumara and
B. R. Siddappa Madarkhandi

College of Horticulture, Arabhavi

AbstractThe investigation on heterosis and combining ability in ridge gourd was carriedout during year 2011-2012 at the department of Vegetable Science, Kittur RaniChanamma Clollege of Horticulture, Arabhavi. Fifty-one hybrids derived by crossing17 lines with three testers were evaluated  along with parents in RBD and data wassubjected to line x tester analysis. The analysis of variance revealed that 24 of the 26characters were significant for treatments (genotypes). The magnitude of heterosisover the commercial check (Naga) was very high in desirable direction for numberof seeds per fruit (238.80 %), number of leaves at 90 days after sowing (DAS) (172.12%), number of branches at 90 DAS (141.38 %), flesh thickness (70.27 %), number ofleaves at 45 DAS (66.97 %), node to first male flower (-56.92 %), fruit diameter(55.09 %), number of fruits per vine (53.85%), average fruit weight (40.86  %), sexratio (-40.34%), fruit length (36.91%) and per cent fruit set (36.45%). The hybridKRG-3 x ASM followed by KRG-3 x PN (13.80%), KRG-10 x PN (12.45%) and KRG-11x PN (6.00%) exhibited maximum heterosis (23.61%) for total yield per vine overthe Commercial check (Naga).   The cross KRG-9 x ASJ, KRG-10 x PN, KRG-12 x ASJ,KRG-5 x ASM and KRG-11 x PN were identified as good specific combiners for totalyield per vine and lines KRG-3, KRG-11, KRG-10, KRG-2, KRG-1 and KRG-8 wereidentified as good general combiners for total yield per vine in order of merit.Comprehensive assessment of parents by considering gca effects of all 24 charactersstudied has resulted into identification of lines viz, KRG-2, KRG-3 and KRG-4, KRG-11and KRG-16 and the testers, ASM as good combiners and PN as average combiner.Studies on combining ability variance revealed that non additive gene action waspredominant for total yield per vine, fruit yield per plot, fruit yield per hectare, numberof fruits per vine, average fruit weight, fruit length, vine length at 45 DAS, number ofleaves at 45 and 90 DAS, number of branches at 90 DAS, days to last harvest and thesecharacters could be further improved for combining ability through recurrentselection schemes or heterosis breeding.



118 Evaluation of spine gourd (Momordica dioica
Roxb.) genotypes under Konkan agro-climatic

conditions of Maharashtra
M. Y. Godbole, J. C. Rajput, Y. R. Parulekar, P. C. Haldavanekar and V. G. Magar

Department of Horticulture, Dr. B.S. Konkan Krishi Vidyapeeth, Dapoli

AbstractThe experiment was conducted Central Experiment Station, Wakawali, KonkanKrishi Vidyapeeth, Dapoli (Maharashtra), during Kharif season under VegetableImprovement Scheme. Fifteen genotypes of Kartoli (Momordica dioica Roxb.) wereevaluated in a RBD with three replications. The phenotypic variances were higherthan the corresponding genotypic variances. Similarly, the genotypic variances werefound to be higher than their respective environmental variances. The phenotypic,genotypic and environmental variances were higher for vine length, fruits per vineand yield per vine. The ratio of genotypic variance to phenotypic variance was higherfor length of vine, fruit length, fruit breadth, and average fruit weight, fruits per vineand yield per vine. The characters viz., primary branches, secondary branches, daysto first flowering and days to first harvest recorded lower values of the ratio indicatinginfluence of environment in their expression. The values of phenotypic coefficientof variance and genotypic coefficient of variance were higher but closer for fruitsper vine (64.6% and 63.6%), yield per vine (63.5% and 62.36%) and yield per hectare(63.5% and 62.35%) indicating less influence of environment. Moderate values ofPCV and GCV for the characters viz., primary branches per plant, secondary branchesper plant, and days to first harvest, fruit length and average fruit weight confirmedmoderate variability for these characters in the population. Higher values of heritabilityin broad sense were observed for characters viz., vine length (91.8%), fruit length(98.7%), fruit breadth (99.3%), average fruit weight (99.99%), fruits per vine(96.9%) and yield per vine (96.45%) suggesting important role of genetic constitutionin their expression. Absolute values for genetic advance ranged from 0.341 to 519.282suggesting scope to improve the characters under study to the maximum possiblethrough selections. The genetic advance as per cent of mean coupled with heritabilityin broad sense was high for vine length, secondary branches, fruit length, averagefruit weight, fruits per vine and yield per vine. Days to first flowering, days to firstharvest and fruit breadth recorded moderate heritability along with moderate GAMindicating control of non-additive genes for these characters. The culture DPL-MD-7could be rated as the best for its high yielding performance, with associated growthcharacters, other qualitative aspects and acceptability from consumer’s point of view.The culture DPL-MD-4 and DPL-MD-2-1 could also be regarded as promising types.The culture DPL-MD-6, having highest fruit weight, could be employed to increasefruit weight of spine gourd while considering improvement for yield.



119Combining ability for yield and its Components in
Pumpkin (Cucurbita moschata (Duch. Ex. Poir).

Gururaj S. Kakamari, R. C. Jagadeesha, T. Shanatappa,
H. R. Basavarajappa, Vijayakumar Rathod and H. Rekha

K. R. C. College of Horticulture,
University Horticultural Sciences Arabhavi 591 218

AbstractA field experiment was carried out at Kittur Rani Channama College of Horticulture,Arabhavi, Karnataka. To study the combining ability through diallel cross inpumpkin involving six parental lines. The study revealed contribution of both additiveand non-additive gene action controlling the expression of yield and its components.Epistasis was pronounced for all the characters. Among parents, KP-31 and KP-51ranked as top general combiners for yield and its components. Higher yield wasassociated with increased number of fruits, average fruit weight and fruit diameter.Good specific combination involved high x low general combiners. Exploitation ofheterosis appeared to be limited. Three crosses KP-31x KP-26, KP-17xArabhavi localand KP-51xArabhavi local were identified for developing high yielding genotypes ofpumpkin with other desirable characters.
Genetic variability, correlation and path analysis in

Valan Kakri (Cucumis sativus var. utilissimusL.)

R.K. Jat, K.D. Ameta, R. A. Kaushik, R.B. Dubey, S. Pareek and Imran Khan
Department of Horticulture, Rajasthan Coleege of Agricuture, MaharanaPratap

University of Agriculture and Technology, Udaipur, Rajasthan-313001

AbstractAn investigation was carried out at Rajasthan College of Agriculture, MPUAT,Udaipur to assess genetic variability, heritability, genetic advance, correlationand path analysis for yield and yield contributing characters of 16 genotypes of Valan
Kakri collected from various parts of Rajasthan State. An experiment was laid out inRandomized Block Design with three replications. Significant variations wereobserved for all the characters in all the genotypes used in the experiment. Highestgenotypic and phenotypic variations were observed for acidity of fruit followed by



120 weight of fruit, total yield per vine, rind thickness and total soluble solids. Highheritability with high genetic advance was observed for days to anthesis of firstfemale flower and fruit weight. Total yield per vine was found to be positively andsignificantly correlated with number of fruits per vine, weight of fruit, diameter offruit, length of fruit and pulp thickness. Path coefficient analysis revealed that totalsoluble solids, number of fruits per vine, weight of fruit, number of male flowers pervine and number of seeds per fruit showed positive direct effects on total yield pervine. Among the genotypes, PVK-15, PVK-8, PVK-6 and PVK-3 were found to be higherin total yield per vine, which could be gainfully utilized in further breeding programme.
Studies on Heterosis for Quantitative Traits in

Bottle Gourd [Lagenaria siceraria (Mol.) Standl.] in
Red and Lateritic Belt of Eastern India

Joydip Mandal and V. K. Dhangrah
Department of Crop Improvement, Horticulture and Agricultural Botany (CIHAB)

Institute of Agriculture, Visva-Bharati, Sriniketan – 731236

AbstractAn investigation was undertaken at Horticulture Farm of Institute of Agriculture,Visva-Bharati, Sriniketan during post-kharif season of 2011 in red and lateriticbelt of West Bengal to estimate the heterosis in 28 hybrids of bottle gourd [Lagenaria
siceraria (Mol.) Standl.] obtained from eight parental lines excluding reciprocalcrosses. Heterosis was studied for twelve quantitative characters viz., vine length(m), days to first male and female flower opening, node number to first male andfemale flower appearance, sex ratio, days to first fruit harvest, fruit weight (g), fruitlength (cm) and fruit girth (cm), number of fruits/vine and fruit yield/vine (kg). Awide range of heterosis was observed from negative to positive direction for most ofthe traits. Significant and desirable heterosis of positive or negative direction wasestimated for most of the characters among 28 hybrids. Aditi x Surbhi was consideredbest performing hybrid as it showed significantly desirable heterosis for early femaleflowering, early harvesting, number of fruits/vine and fruit yield/vine over betterparent, top parent and check variety, respectively. This hybrid gave 98.08% heterosisover better parent, 54.09% over top parent and 47.68% over check variety. So, itmay be utilized for commercial exploitation of hybrid vigour.



121Evaluation of local germplasm of Bottle gourd
[Lagenaria siceraria (Mol.) Standl.] under

South Bastar condition of Chhattisgarh

Kamal Narayan1, H.K. Patra1 and Deo Shankar2

1Krishi Vigyan Kendra, Dantewada, IGKV, Raipur; 2S.G. college of
Agriculture and Research Station, Jagdalpur

AbstractBottle gourd [Lagenaria siceraria (Mol.) Standl.], a monoecious annual climber, iswidely grown in South Bastar region as a vegetable crop. It is usually grown inhomestead gardens and river bank. A survey was conducted in south Bastar(Dantewada) district of Bastar Zone during the year 2013-14 and collected the bottlegourd accessions. The collected germplasm shown immense variability in thequalitative characters of fruits viz. shape, luster, blossom end, ridges etc. Wide rangeof variability was recorded in quantitative characters related fruit yield and seedcharacters. Days to 1st female flower anthesis registered considerable variability,which ranged from 50.3 (DNT-3) to 62.19 (DNT-8). Node number for 1st male flowerranged from 4.01 (DNT-3) to 10.13 (DNT-9), while in case of node number of 1stfemale flower ranged from 6.31 (DNT-3 to 12.19 (DNT-8). Maximum number ofbranches per vine (5.8) was recorded in DNT-1 and minimum in DNT-6. The maximum(5.6 Kg) and minimum (0.75 Kg) individual fruit weight was recorded in genotypeDNT-5 and DNT-1 respectively. Fruits per vine ranged from 4.20 (DNT-5) to 12.18(DNT-1). Number of seeds per fruit varied from 231.39 (DNT-2) to 501.3 (DNT-5).
Correlation and Path analysis studies in ivy

gourd (Coccinia grandis)

T. Maharana, B. Mahapatra and Kaberi Maharana
Orissa University of Agriculture & Technology, Bhubaneswar – 751003

AbstractIvy gourd (Coccinia grandis) is one of the important vegetables of drier regions ofour country. Several land races are grown in different parts of our country.Improved types need to be selected for cultivation. Sixteen genotypes were collectedand studied in this trial to assess their genetic variability, through correlation & path



122 analysis. The present study showed that fruit yield/plant had highly significantpositive correlation with fruit length and fruit weight both at phenotypic andgenotypic levels. On the basis of path coefficient analysis, it was revealed that thecomponent trait fruit weight had the maximum direct positive effect on fruit yield/plant of ivy gourd which was followed by fruits/plant and fruit length.
Estimation of combining ability for growth,

earliness and yield traits in bitter gourd
(Momordica charantia (L.)

Mahboob, E. Shashikanth,ChandrakantV. Patil, R. Mulge,
V. D. Gasti,V. Rathodand K.Sumangala

Department of Vegetable Science, K.R.C. College of Horticulture,
Arabhavi Tq. Gokak Karnataka,

University of Horticultural Sciences, Bagalkot

AbstractAn experiment was conducted during 2012-13 at Vegetable Section, departmentof vegetable science, college of horticulture Arabhavi, on combining ability studiesin bitter gourd for quantitative characters by using six lines and four testers in a Linex Tester mating design. Except two characters (number of primary branches andfruit yield per vine) significant differences were observed for the characters understudy. Variances due to SCA were higher than the corresponding GCA for all thecharacters except for vine length at 60 and 90 DAS, it indicates predominance of nonadditive gene action and there is a scope for heterosis breeding. Out of ten parentsPanurthy, Coimbatore Long, Chidambaram Small and VRBT-100 were observed tobe best general combiner as they have made significant contribution in yieldcontributing characters. Coimbatore Long x Panurthy exhibited high SCA effect forfruit yield per vine, node at first female flower appears and days to first harvest,VRBT-100 x Panurthy is best for days to first male and female flower appears,Coimbatore Long x Panurthy is best for sex ratio and number of seeds per fruit indesired direction. These crosses can be exploited as desirable hybrids.



123Performance of Bottle Gourd [Lagenaria
siceraria (Mol.) Standl.] in Lateritic

Belt of Eastern India

MangalaTirumalesh and Joydip Mandal
Department of Crop Improvement, Horticulture and Agricultural Botany (CIHAB)
Institute of Agriculture, Visva-Bharati, Sriniketan – 731236 (West Bengal), India

AbstractTwenty seven diverse genotypes of bottle gourd [Lagenaria sicereria (Mol.) Standl.]collected from different sources was evaluated during late Kharif season of 2013in RBD with three replications. The objective of the experiment was to identify suitablegenotype(s) of bottle gourd for lateritic belt of West Bengal. Information on differentcharacters viz., node number of first male and female flower, days to first male andfemale flower opening, vine length (cm), days to fruit harvest, number of fruits/plant, fruit weight, fruit length, fruit girth and yield per plant were collected. Analysisof variance showed highly significant difference among genotypes for all the traits.APBG-3 identified for earliness. Kundan, GolaLattoo, UKBG-1, Pusa Summer ProlificLong (PSPL) and Aditi were identified as good yielder. UKBG-1 and Kundan (morenumber of fruits, standard fruit weight and high yield per plant) may be suggested forcommercial cultivation in lateritic belt of West Bengal.
Quantitative Assessment of Fruit and Seed

Characteristics of [Cucumis melo subsp. Agrestis
(Naudin)] Pangalo Germplasm of Central Indian Region

Nilamani Dikshit
National Bureau of Plant Genetic Resources, Regional Station, Akola-

444104, Maharashtra

Abstract

Cucumis melo L. subsp. agrestis (Naudin) Pangalo is a weedy and feral form ofcultivated melon (Cucumis melo L.) and has a widespread occurrence in Africa,Asia and Australian continents. In the present paper, an attempt has been made tostudy the in situ diversity of fruit and seed characteristics, occurrence and distribution



124 pattern of the species, descriptive statistics, correlation, fruit variability and noteson economic uses in 23 accessions of Cucumis melo L. subsp. agrestis (Naudin)Pangalo germplasm collected from Central Indian. Significant variability was observedamong the reproductive traits i.e. fruit length, fruit breadth, fruit weight, seed length,seed breadth and 100 seed weight. High coefficient of variation was observed forfruit weight (38.51 %) followed by seed breadth (19.19 %), fruit length (14.94 %),and fruit breadth (12.29 %) whereas seed length expressed low coefficient ofvariation (9.43 %). The studies revealed strong correlation between fruit weightwith fruit breadth (0.921) followed by fruit length and fruit weight (0.881), fruitlength and seed weight (0.683) and seed length and seed weight (0.657). Based onWard’s minimum variance dendrogram, the accessions can be grouped into two mainclusters and there is no distinct pattern of geographic relationship among theaccessions studied. Principal component analysis explained that the first principalcomponent accounted for the maximum proportion (63.66 %) of the total variabilityfollowed by 17.55 % by the second Principal components, third component explain11.58 % and the fourth only 3.98 % of the variances.
Evaluation of ivy Gourd (Coccinia grandis L.)

Genotypes grown under Konkan
Agroclimatic Conditions

R. R. Patil, P. C. Haldavanekar, Y. R. Parulekar, P. C. Mali and S. B. Thorat
Department of Horticulture, Dr. B. S. Konkan Krishi Vidyapeeth, Dapoli

AbstractIvy gourd (Coccinia grandis L.) is an underexploited perennial CucurbitaceousVegetable crop grown in North Konkan conditions in rice based cropping system.Even though, it is in cultivation since many years, systematic efforts have not beenmade on improvement of this crop. Considerable genetic variability exists in ivy gourdgrowing pockets of Raigad district of Konkan region of Maharashtra. Eleven suchgenotypes were collected and evaluated in Randomized Block Designed in fourreplications during 2012-2013 to assess comparative performance at Departmentof Horticulture, College of Agriculture Dapoli, Ratnagiri for 24 growth and yieldparameters. The ALG-9 (3.25 days) noticed minimum number of days to harvestform flowering. The highest fruit length and fruit breadth was recorded by ALG-3(5.75 & 1.81 cm respectively). The highest number of harvest was recorded in ALG-2 (69.75). Similarly, the highest number of fruits, fruit yield per plant (10.24 kg) andyield per hectare (45.50t) was recorded in genotype ALG-2 followed by ALG-3(8.86kg), ALG-11(8.81 kg), ALG- 4 (8.03 kg), ALG-10 (7.89 kg) and, ALG-9 (7.81 kg).



125Studies on identification of sex in
spine gourd through SDS-PAGE
M. Rajasekhar, R. Rajyalakshmi and A. V. Subbarao

Horticultural Research Station, Dr. Y. S. R. Horticultural University,
Venkataramannagudem-534101, West Godavari District, Andhra Pradesh

AbstractThe present investigation was taken up at Horticultural Research Station,Venkataramannagudem to determine sex in Kakrol at pre-flowering stage by usingmolecular methods. Of the 250 seedlings screened, variation was observed among maleand female seedlings for different morphological characters and the growth dataindicated that the male plants were more vigorous than female plants. SDS-PAGE wasused for protein marker identification. Newly emerged leaves from 30 days old plantswere collected for analysis. Examination of the protein bands obtained from SDS-PAGErevealed a particular band exclusively present in male plants. Further, studies indicatedthat the particular protein from male plants had a molecular weight of 14 KDa. Further,sequencing of the 14 KDa protein band is under progress for development of specificprimers that may help in identification of male plants at early stages of plant growth.
Hybrid breeding and Seed Protein

Electrophoresis in Bottlegourd
[Lagenaria siceraria (Mol.) Standl.]

Rakesh Kumar Dubey1 and   Hari Har Ram2

1Department of Vegetable Science, CHF, CAU, Pasighat, Arunachal Pradesh
2Department of Vegetable Science, GBPUAT, Pantnagr-263145

AbstractThe present investigation was undertaken in  bottlegourd (Lagenaria siceraria L.)in a half-diallel cross using eight parental lines, namely PBOG 13 (round fruited),PBOG 22, PBOG 54, PBOG 61, PBOG 76, PBOG 117, PBOG 119 and Pusa Naveen (alllong fruited). The 36 genotypes (8 parents and 28 F1’s) were evaluated during Kharif2003 and summer 2004 for 18 yield and yield related traits. Further, Sodium DodecylSulphate Polyacrylamide Gel Electrophroresis (SDS-PAGE) was performed on eightparental lines to detect protein profile variation in the parental lines.  Significantdifferences were noted among the genotypes for all the traits except pedicel diameterduring summer season. Variances due to gca and sca were significant for all charactersexcept fruit weight and pedicel diameter. The relative magnitude of gca variance was



126 higher than the sca for all the characters except number of seeds per fruit and 100seed weight indicating the predominance of additive gene action. On the basis of theaverage gca effect over both the seasons, Pusa Naveen was found to be good generalcombiner for a set of economic traits  eg. days to first male flower (-3.70), days to firstfemale flower (-4.80), node number to first male flower (-1.23), node number to firstfemale flower (-1.24), days to first fruit harvest (-3.34) and pedicel length (-1.81).The other good general combiners were PBOG 76 for main vine length (1.03), numberof nodes on main vine (10.70), fruit weight (0.03), fruit length (4.95), pedicel diameter(0.04), number of fruits per plant (1.72) and fruit yield (50.15), PBOG 61 for internodallength (-0.99), PBOG 13 for number of primary branches per vine (3.47) and fruitdiameter (1.65). The components of variation indicated that dominance component;H1 and H2 were significant for all the characters except days to first male flower whileadditive genetic variance (D) was significant for all the characters except number ofprimary branches per vine, fruit weight, pedicel diameter and 100 seed weightsuggesting the involvement of both additive and non additive gene action. Vr, Wrgraphical analysis indicated involvement of dominant genes for earliness andrecessive genes for fruit diameter i.e. the round shape was conditioned by recessivegenes. Pusa Naveen and PBOG 13 were indicated as potential donors for earlinessand greater fruit diameter respectively. The crosses PBOG 13 x PBOG 61 (495 q/ha)and PBOG 13 x PBOG 76 (468 q/ha) and PBOG 61 x PBOG 76 (443 q//ha) werefound to be the best heterotic combinations along with good sca effects for importanteconomic traits and are worth exploiting on commercial scale. A total of 21 bandsgrouped in four zones were detected in the eight parental lines of bottle gourd. Theround fruited cultivar, PBOG 13 had distinguishable protein profile as it lacked A1 andC5 which were present in all the long fruited genotypes. PBOG  117 which howeverwas distinguishable from PBOG 13 (round fruited) and PBOG 22, PBOG 54, PBOG61, PBOG 76, PBOG 119 and Pusa Naveen (long fruited) due to absence of A2, A3, A4,B3, B4, B5, C1, C2, C3, C4, D1 and D2 bands.
Evaluation of Ivy gourd [Coccinia grandis (L.)

Voigt.] genotypes of North Eastern Region
J. Saikia, D. B. Phookan, P. Talukdar, A. M. Baruah and K. Baruah

Department of Horticulture, Assam Agricultural University, Jorhat-785013, Assam

AbstractIvy gourd [Coccinia grandis (L.) Voigt.] (Syn. C. indica, C. cordifolia) is anunderutilized Cucurbitaceous vegetable, commonly known as ‘Kundru’ in Hindi and‘Kunduli’ in Assamese. In North Eastern Region, it is cultivated in small pockets, mostlyin natural fences. Ivy gourd is a minor but nutritious vegetable having antidiabetic,antioxidant, antibacterial and anti-inflammatory activities. An evaluation trial on ivygourd genotypes collected from different parts of N.E region was conducted at the



127Experimental Farm, Department of Horticulture, Assam Agricultural University, Jorhat,during 2012 and 2013. The experiment was laid out as Randomized Block Designwith three replications. Out of 22 genotypes under study, the genotypes IG-20 recordedminimum days to 1st fruit harvest (70.00 days). The highest fruit length and fruitwidth were obtained by IG-23 and IG-22 respectively and maximum fruit weightwas exhibited by the genotype IG-23 (33.00 g). The most promising genotype wasIG-23 for maximum fruit yield per plant followed by IG-10 and IG-22. Maturity indexof fruit ranged from 6 days to 10 days depending upon the genotypes.
Combining ability and heterosis studies in

pumpkin [Cucurbita moschata Duon. Ex. Potr.]
Savitha, H.N. Prakash, M.  Kumara, B.R. Padamaraj, S.R, and

Shambhulingappa Negalur
College of Horticulture Bagalkot

AbstractThe studies were undertaken to assess per se performance, magnitude of heterosisand combining ability in respect of growth, earliness, yield and quality parametersin pumpkin. A line x tester mating design was followed by crossing six lines withthree testers to obtain 18 F1S. These crosses along with their parents and a commercialcheck hybrid were field evaluated in a randomized block design with three replicationsduring rabi 2012-2013 at College of Horticulture, Bagalkot. Hybrids showed significantdifferences for all the 26 characters studied. Significant per se performance, relativeheterosis, heterobeltiosis, standard heterosis and economic heterosis desireddirections was observed in most of the crosses. For the yield per vine, nine crosseseach over better parent and commercial check hybrid recorded positive heterosis.The promising crosses were BLG-l x IC-276312, BLG-l x CO-2, Dharwad Local x IC-276312 and Arka Chandan x CO-2. The studies on combining ability indicated thatGCA variance was higher in magnitude than SCA variance for 10 characters indicatingthe predominance of additive gene action for number of primary branches, days tofirst flowering, days to first female flowering, days to fruit maturity, node numbersfor flowering and first female flowering, sex ratio, acidity and ascorbic acid contentof fruits. For remaining 16 characters, non-additive was found predominant. Thepooled gca and sca analysis across the 20 characters indicated Arka Chandan, CO-I,BLG-l, CO-2 and IC-276312 as good general combiners and all the 18 hybrids werefound to be most heterotic. Correlation studies revealed that the fruit yield per vinewas positively and significantly correlated with vine length, number of primarybranches, average fruit weight, fruit diameter, fruit length, flesh thickness, cavitylength and width, number of seeds, seed weight per fruit, TSS, carotene content, totalsugars and ascorbic acid content of fruits.



128 Evaluation of F1 hybrids of watermelon
[(Citrullus lanatus (Thunb.]) under Konkan

agroclimatic conditions

S. M. Sawratkar, Y. R. Parulekar, P. C. Haldavanekar, P. C. Mali and P. M. Haldankar
Department of Horticulture, Dr. B.S. KonkanKrishiVidyapeeth, Dapoli

AbstractEighteen F1 hybrids of watermelon were evaluated at Department of Horticulture,College of Agriculture, Dapoli, during 2012-13 in Randomized Block Design usedwith two replications. All 18 hybrids of watermelon showed wide variation inmorphological characters, flowering behaviour, yield and yield attributing charactersas well as physical and chemical parameters under study. Among the different growthparameters studied, the highest vine length was recorded by the hybrid Augusta (4.55m); whereas hybrid NS-295 (5.60) recorded the highest number of branches pervine. The highest number of nodes were noticed in the hybrid Augusta (49.60),whereas, highest inter-nodal distance was recorded in hybrid NWMH-354 (8.03 cm).Regarding the yield and yield attributes, Indam Sumo showed earliness in first harvest(90.00 days).The highest number of harvestings was recorded in hybrid NWMH-354(4.50) whereas; the highest harvesting span was recorded in hybrid Madhubala (16.5days). Highest average fruit weight (kg) was recorded by Kashmira (4.200 kg).Maximum number of fruits per vine (2.27), yield per vine (7.966 kg), yield per plot(127.47 kg) and yield per hectare (79.668 t) was observed in Indam Sumo. Highestfruit length (33.5 cm) was recorded in Indam Sumo whereas, the highest fruit diameterwas recorded in Kalindi-15 (23.25 cm). Highest T.S.S. was recorded in Honey (13.2ºBrix) and lowest was observed in Kalindi-15 (7.1 ºBrix). The hybrid Honey rankedfirst in the average sensory evaluation score followed by Indam Sumo, Krishna, Blackboy, Candy and the score was lowest in Augusta. The hybrid Krishna was superior toall in colour and Honey was superior to all in texture while, Madhubala was superiorto all in flavour. The overall observation of different parameters showed that hybridsIndam Sumo, Andaman, Kashmira, NWMH-455, Vigro-286, Black Boy and Shaktimanwere found promising for cultivation during Rabi season under Konkan agro climaticconditions.



129Relation of biochemical and earliness
parameters with the yield of ridge gourd

(Luffa acutangula Roxb.)

Shivanand  B. Koppad, Mukesh  L. Chavan, R. C. Jagadeesha,
VijaykumarRathod, SumagalaKoulagi

Department of Crop Improvement and Biotechnology, Kittur Rani Channamma
College of Horticulture, Arabhavi - 591 310

AbstractTwenty four F1 hybrids involving four males and six females were produced inridge gourd in a line x tester design. Bio-chemical and morphological characterscontributing to fruit yield were studied. Based on standard heterosis and per seperformance crosses were identified for fruit yield. The crosses Arabhavi Local xGadag Local, Kolar Local x Arka Sujata, Arka Sumeet x Arka Sujata and Mudigere Localx Arka Sujat were found to be promising.
Biomass Production and its partitioning in

[(Luffa acutangula (Roxb)].: Impact of
physiological traits on fruit yield.

Shivanand B. Koppad, Mukesh L. Chavan, Jagadeesha R. C., Vijaykumar
Rathod, Sumangala Koulagi and Rekha H. Hallur

K. R. C. College of Horticulture, Arabhavi 591 218

AbstractA field experiment was carried out at Kittur Rani Channamma College ofHorticulture, Arabhavi, Karnataka, to study the influence biomass productionand its partitioning in Luffa acutangula on the total fruit yield per vine during 2012 -2014. Statistical analysis of yield data indicated that significantly higher magnitude ofSCA variance compared to GCA variance for all the physiological traits indicatedpredominance of non additive gene action. The genotype Arabhavi local was foundto be good general combiner. The crosses Arabhavi Local x Gadag Local (1581.69g),Kolar Local x Arka Sujata (1365.00g), Arka Summet x Arka Sujata (1359.65g) andMudigere Local x Arka Sujata (1224.48g) have been identified as good specificcombiners for fruit yield per vine. AGR of leaf (11.73 g.day-1 x 102), CGR of leaf (21.72m-2.day-1 x 102), NAR of leaf (0.45 mg.m-2.day-1 x 102), RGR of leaf (0.38 g.m-2day-1 x102) and other related traits.



130 Characterization of muskmelon (Cucumis melo) local types of
Karnataka for yield attributing traits

Shivapriya Manchali and T. Sudhakara
College of Horticulture, University of Horticultural Sciences, Bengaluru- 560065

AbstractMuskmelon (Cucumis melo, 2n = 24) is highly polymorphic and plays a significantrole in supplying fresh fruits. Different botanical types of muskmelon arecommercially cultivated as well as traditionally grown in different parts of ourcountry. The local types of muskmelon are tailored to different agro-climatic regionsin Karnataka state and their genetic diversity has not been explored much for cropimprovement. In our study, 28 landraces collected from different parts of Karnatakaalong with two check varieties were characterized using DUS guidelines. Significantgenetic variability was observed for most of the traits. The local melons exhibitedwide variability for growth parameters, sex forms, fruit characters and some of thefruit quality parameters. This study gives primary information regarding the geneticdiversity existing among local muskmelon lines of Karnataka that could be utilized incrop improvement programme as well as conservation of germplasm.
Evaluation and Identification of Ash gourd [Benincasa
hispida  (Thunb.)Cogn.] entry as KAG-1(Azad Petha-1)

I.N. Shukla, P.K. Tiwari and U.C. Misra
Department of Vegetable Science, Chandra Shekhar Azad University of Agriculture

and Technology, Kanpur-208 024 (UP)

AbstractAsh gourd is known as pethakaddu widely cultivated in India and several tropicalcountries. It is especially grown in North India and used in the preparation ofseveral types of petha sweets all over India. Ash gourd is an extensive trailing orclimbing annual herb having cylindrical or spherical shape fruits covered with bluishwhite waxy ash. The fruits have long shelf life. Keeping in view a variety of ash gourdas KAG-1(Azad Petha-1) was identified in AICRPVC trials at different centers during2007-08, 2008-09 and 2009-10. The data was thoroughly scrutinized by thecommittee to evaluate the performance of promising lines from various centers foridentification of entries for release. During 2007-08 ash gourd trial as IET wasconducted at 11 centers using IVAG-90 and PAG-72 as standard checks. At Pantnagaronly entry KAG-1 found superior over checks with an yield of 670 quintal per hectarewhereas during 2008-09 and 2009-10 under AVT-I and AVT-II KAG-1 was also foundsuperior over other entries at Vellanikara, Pondicherry, Coimbatore and Faizabadover checks and second at Hyderabad and Kalyani.



131Variability, co-relation and path analysis studies
in ivy gourd [Coccinia grandis(L.) Voigt]

D. N. Singh, B. Jha and P. K. Bhanja
College of Agriculture, Orissa University of Agriculture and Technology,

Bhubaneswar-751003

AbstractEighteen genotypes of Ivy gourd were assessed for variability, co-relation andpath analysis for yield and its attributes. The difference among genotypes werestatistically significant for all the thirteen characters. High estimates of genotypicco-efficient of variation, heritability and genetic advance were shown by number ofprimary branches/plant and number of fruits per plant respectively. Co-relationstudies among the fruits indicated that number of fruits/plant had high positive co-relation with fruit yield at both phenotypic and genotypic level. Path analysis for fruityield revealed that number of fruits/plant, primary branches, leaf area, vine length,days to first harvesting and fruit weight had high to moderate direct effect on yield.
Heterosis and combining ability studies in

bitter gourd (Momordica charantia L.)
Sridhar, Prakash, M.  Kumara, B.R. Savitha H.N. AndSiddappa Madarkhandi

College of Horticulture, Arabhavi

AbstractInvestigation on “Heterosis and combining ability studies in bitter gourd(Momordica charantia L.)” was undertaken during 2011-2012, in Department ofVegetable Science of Kittur Rani Channamma college of Horticulture, Arabhavi. Thestudy was mainly contemplated to find out best cross combinations and to find outthe best general and specificcombiners for higher yield.The entries under theinvestigation comprised five lines (DWD-2, IC-85619A, PRD-2, IC-85614 and Greenlong) and five testers (White long, NRN-1, BLG-1, PRD-3 and PRD-5) resulted fromgermplasm collection on the basis of per se performance for yield andquality attributesin the experiment and mated in line x tester method.Twenty five hybrids weregenerated and evaluated along with ten parents and acommercial check (MBTH-101) during summer 2012. Wide range of heterosis was manifested by the twentyfive F1’s for almost all the characters.Green long x PRD-5, DWD-2 x PRD-5 and IC-



132 85619A x NRN-1 were high yielderswith the yielding potentialities of 2.53, 2.35 and2.26 kg fruits per vine, respectively, with heterosis of 25.43, 16.51 and 12.05 per centover commercial check. Green long x PRD-5 and IC-85619A x NRN-1 were goodspecific combiners and green long, PRD-5 and IC-85619Awere the best generalcombiners for higher yield. The crosses Green long x PRD-5, DWD-2 xPRD-5, IC-85619A x NRN-1 and IC-85614 x PRD-3 were found to be moderately resistantforboth fruit fly and downy mildew incidence. From the results it can be concluded thatGreen long x PRD-5, DWD-2 x PRD-5 and  IC-85619A x NRN-1 which have shownhigherpotentialities for yield. Therefore these crosses need to be commerciallyexploited.
Correlation and path-coefficient analysis in

muskmelon (Cucumis melo L.)

Tejbir Singh, V. K. Vashisht and Nirmal Singh
Department of Vegetable Science, Punjab Agricultural University,

Ludhiana-141004

AbstractPresent study was conducted to assess the nature and magnitude of associationamong fruit yield and its contributing traits in muskmelon. The study comprised45 muskmelon hybrids which were evaluated for days taken to first female floweropening, days taken to first fruit ripening, number of fruits per vine, fruit weight,total fruit yield per vine, polar diameter of fruit, equatorial diameter of fruit, fleshthickness, rind thickness, fruit cavity area, TSS content, vine length and resistancereaction to Fusarium wilt, Cucumber Mosaic Virus and downy mildew. Studies revealedthat total fruit yield per vine had significant and positive association with number offruits per vine, fruit weight, polar diameter of fruit, equatorial  diameter of fruit, fleshthickness, fruit cavity area, TSS content, vine length and resistance reaction to
Fusarium wilt. However, its significant negative correlation was observed with daysto first fruit ripening. Path coefficient analysis inferred that number of fruit per vinefollowed by fruit weight, polar diameter of fruit, equatorial diameter of fruit, fleshthickness, fruit cavity area, vine length and resistance reaction to Fusarium wilt anddowny mildew had maximum direct effect on total fruit yield per vine. Hence,preference for higher number of fruits per vine, fruit weight and disease resistanceto Fusariumwilt may be used as selection criteria in muskmelon.



133Evaluation of F1 hybrids in Oriental pickling
melon for yield and quality attributes

G. N. Thyagaraj, M. Prakash, B. R. Kumara, S. R. Padmaraja and N. Santhosh
Division of Horticulture, Gandhi Krishi Vignana Kendra, University of Agricultural

Sciences, Bengaluru -560 065

AbstractOriental pickling melon is one of the melon group vegetable of the Cucurbitaceae.Present field experiment was carried out at Department of Horticulture, GKVK,UAS, Bengaluru during the year 2010-2011 to evaluate 25 Oriental pickling melon F1hybrids for yield and quality. The F1 hybrid CMC GKVK 1 x CMC GKVK 2 have shownbetter performance for characters such as fruit length and fruit diameter, while theF1 hybrid CMC GKVK 2 x CMC GKVK 4 performed well for other characters such asper cent fruit set, number of fruits and total fruit yield per vine. However, the fruitflesh thickness and total soluble solids where high with the F1 hybrid CMC GKVK 1 xCMC GKVK 12. Finally it can be inferred that among the F1 hybrids CMC GKVK 2 xCMC GKVK 4, CMC GKVK 1 x CMC GKVK 2, CMC GKVK 5 x CMC GKVK 8 and CMC GKVK9 x CMC GKVK 2 were high yielding. For the purpose of processing F1 hybrids CMCGKVK 1 x CMC GKVK 12, CMC GKVK 7 x CMC GKVK 9, CMC GKVK 1 x CMC GKVK 2 andCMC GKVK 2 x CMC GKVK 4 were suitable.
Mean performance of gynoecious F1 hybrids

for horticultural characters in cucumber
(Cucumis sativus L.)

Yudhvir Singh, Madhu Sharma, Akhilesh Sharma and Arti Verma
CSK HPKV Palampur-176062

AbstractGenetic improvement of crop plants is a continuous process and the plant breederscontinuously strive for developing new varieties, which are high yielding andsuperior to the existing ones. Field experiment was conducted at the Research Farm,Department of Vegetable Science and Floriculture, CSK HPKV, Palampur and HillAgricultural Research and Extension Centre Bajaura, Kullu valley during kharif seasonwith an objective to find out the most suitable hybrid interms of yield and its related



134 traits of cucumber for commercial cultivation. Fifty five cucumber hybrids were evaluatedfor yield and yield related traits in RCBD with three replications. The study revealed thatthe hybrid G-1 × K-pap was early in flowering (21.32 days) and days to first fruit picking(30.00) while the highest fruit length (21.97cm) and vine length (2.98m) was observed inthe hybrid Plp × JLG. The hybrid PCUCP-4 × KL-3 for fruit girth (5.28cm); EC-5082 × KL-3 for average fruit weight (245.26g); G-3 x K-pap for harvest duration (53.46) and G-1 ×K-75 for number of primary branches (4.00) had higher values. The result suggests thatcombinations viz. G-3 × Sel-75-2-10, Plp × K-pap and EC-5082 × EC-173934  showedbetter performance for marketable yield per vine thus can be commercially exploited asF1 hybrids or for deriving improved lines for yield.
Heterosis studies for yield and its related

components by involving gynoecious lines in
Cucumber (Cucumis sativus L.)

Yudhvir Singh, Madhu Sharma and ArtiVerma
Department of Vegetable Science and Floriculture, CSK HPKV, Palampur-176062

AbstractExploitation of hybrid vigour depends on the direction and magnitude of heterosis,biological feasibility and type of gene action involved. The present investigationwas undertaken with a view to examine the manifestation of heterosis in cucumber.Heterosis studies involving gynoecious lines in cucumber (Cucumis sativus L.) wascarried out at the Experimental Farms of the Department of Vegetable Science andFloriculture, CSK Himachal Pradesh KrishiVishvavidyalaya, Palampur and HillAgricultural Research and Extension Centre, Bajaura, Kullu to assess the magnitude ofheterosis for yield and its contributing characters, following line x tester matingdesign .and analysis. Analysis of variance indicated significant differences amongtreatments for all the characters studied viz. days to first female appearance, nodalposition of first female flower, days taken to first picking, fruit length, fruit girth,average fruit weight, marketable fruit per vine, marketable yield per vine, harvestduration, number of primary branches, vine length and total soluble solids underpooled over environments thereby revealing the presence of sufficient geneticvariability in the experimental genetic material. There was wide variation in magnitudeand direction of heterosis for all characters. Marketable yield per vine, marketablefruits per vine and average fruit weight were the most heterotic characters.Appreciable heterosis over better parent and standard checks (Solan Khira Hybrid-1and Pusa Sanyog) was observed for almost all the traits. For marketable yield per vine50 cross combinations in pooled environment showed hybrid vigour over better



135parent. The hybrid vigour was mainly on account of increased, fruit number, weightand size. The cross combinations viz., EC-5082 × SG, EC-5082 × Sel-75-2-10, and G-1× K-pap, exhibited maximum heterosis for earliness. Based on hybrid vigour, vis-à-vis their mean performance and from consumer view point, the combination Plp-Gy-1 × K-pap, Plp-Gy-1 × K-90, G-1 × Summer Green, G-1 × K-pap and G-3 × Sel-75-2-10 were the most promising one and can be exploited for commercial production.
Correlation and path analysis studies in bottle

gourd [Lagenaria siceraria (Mol.) Standl]
K. G. Janaranjani, V. Kanthaswamy and B. MuralidharanPandit Jawaharlal Nehru College of Agriculture and Research Institute (TNAU),Karaikal-609603 (U.T of. Puducherry)

AbstractBottle gourd [Lagenaria siceraria (Mol.) Standl] belongs to the family
Cucurbitaceae having chromosome number 2n = 22.  Bottle gourd is a valuedvegetable for its nutritive and medicinal properties. Its tender fruits are used as cookedvegetable and also for making sweets in Africa and Asia. The dried fruits are used ascontainers, utensils, fishing floats and some musical instruments. The presentinvestigation was carried out at the Department of Horticulture, Pandit JawaharlalNehru College of Agriculture and Research Institute, Karaikal during 2011 and 2012.Genotypic correlation coefficient provides a measure of genotypic associationbetween the characters and reveals the characters that might be useful as an index ofselection. This also helps to decide the dependability of the characters that have littleor no character could be hurtful for proper choice of parents for hybridizationprogramme. The path analysis facilitates the partitioning of correlation coefficientsinto the direct and indirect effects of component characters on yield and any otherattributes. Keeping in this view, the present investigation was conducted to determinethe characters and their direct and indirect effects on yield.  An experiment wasconducted with 18 different characters viz., vine length, number of primary branches,node at first male and female flower appears, days to first male and female floweropening, sex ratio, days to first fruit harvest, fruit length, fruit cavity, fruit fleshthickness, fruit width, fruit weight, number of fruits per vine, number of pickings,number of seeds per fruit, 100 seed weight and yield per vine. It is comprising 36hybrids obtained by crossing 9 lines and 4 testers by Line × Testers method to studythe correlation and direct and indirect effects of different characters on fruit yield ina randomized block design. Fruit flesh thickness, number of fruits per vine, number ofpickings showed significant positive association with fruit yield per vine, while sexratio, fruit length, fruit width, fruit cavity, fruit weight, 100 seed weight showedpositive non-significant association with fruit yield per vine. Node at first male flower



136 appears showed significant negative association with fruit yield per vine. Vine length,number of primary branches, node at first female appears, days to first male floweropening, days to first female flower opening, days to first harvest, number of seedsper vine recorded negative non-significant correlation with fruit yield per vine.Number of fruits per vine recorded highest correlation (r = 0.676) followed by numberof pickings (r = 0.415) and fruit flesh thickness (r = 0.381).The result of path analysisindicated that  highest positive direct effect on the fruit yield per vine was exerted bynumber of fruits per vine (0.9156) followed by days to first female flower opening(0.800), fruit cavity (0.38096), fruit weight (0.37378), days to first harvest (0.19179)while selecting a good hybrids for enhancing the yield of bottle gourd.
Studies on Heterosis in bottle gourd
(Lagenaria siceraria (Mol.) Standl)
K. G. Janaranjani, V. Kanthaswamy and B. Muralidharan

Pandit Jawaharlal Nehru College of Agriculture and Research Institute (TNAU),
Karaikal-609 603

AbstractBottle gourd is a valued vegetable for its nutritive and medicinal properties. Itstender fruits are used as cooked vegetable and also for making sweets in Africaand Asia. Nine lines and four testers and 36 F1 hybrids of bottle gourd obtained fromL x T mating, were studied to investigate the extent of heterosis for yield and itscontributing characters during 2011 and 2012 in the Department of Horticulture,Pandit Jawaharlal Nehru College of Agriculture and Research Institute, Karaikal, U.T.of Puducherry. The variety NDBG-164 was used as the standard check variety toestimate the standard heterosis. Negative heterosis was observed  for the eightcharacters studied viz., node at first male flower appearance  node at first femaleflower appears, days to first male flower opening, days to first female flower opening,days to first fruit harvest, fruit cavity, 100 seed weight and number of seeds per fruitin respect to the yield while positive heterosis was considered to be desirable for theremaining 10 traits viz., vine length, number of primary branches, sex ratio, fruitlength, fruit width, fruit flesh thickness, number of fruits per vine, number of pickings,fruit weight and yield per vine.  The heterobeltiosis for yield per vine was positiveand significant in 36 hybrids. The maximum positive and high significant heteroticexpression of 133.61 per cent for fruit yield per vine, number of fruit pickings andfruit length was observed in Pusa Naveen x NDBG-164 (L7 x T2) followed by PusaNaveen x Punjab Komal  (L7 x T1) with heterotic expression of 132.31 per cent forfruit yield per vine. Therefore, it is concluded that Pusa Naveen x NDBG-164 andPusa Naveen x Punjab Komal, could be considered for commercial cultivation as F1hybrids after conducting confirmatory trails (MLT and ART) in farmers field .



137 Genetic Diversity analysis  in Snap melon
(Cucumis melo L. var momordica) through

Biometrical  techniques and  SDS-PAGE

V. R. Muddarasu, Rakesh Kr Dubey, Vikas Singh,
V. B. S. Chauhan and A. K. Pandey

College of Horticulture & Forestry, CAU, Pasighat, Arunachal Pradesh

AbstractThe present investigation was conducted during summer 2012 at VegetableResearch Farm, College of Horticulture and Forestry, Central AgriculturalUniversity, Pasighat, Arunachal Pradesh in 20 diverse genotypes of Snap melon. Theexperiment was laid out in randomized complete block design with three replications.Genetic variability was studied for attributes viz., days to 50% germination, vinelength, number of primary branches, days to first staminate flower anthesis, days tofirst pistillate flower anthesis, days to first harvest, fruit length, fruit diameter, fruitweight, flesh thickness, number of fruits per plant, number of seed per fruit, TSS,ascorbic acid, titrable acidity and fruit yield per plant.  Data were analyzed statisticallyfor phenotypic and genotypic variance, coefficient of variation, heritability, geneticadvance, genetic gain, correlation coefficient, path coefficient, genetic divergenceand seed protein banding pattern. Analysis of variance revealed significant differencesamong the genotypes for all the attributes. The genotypes CHFSM-5, CHFSM-10CHFSM-11 and CHFSM-15 were found to be superior for the most of the yieldcomponents and fruit quality traits. High PCV and GCV, heritability, genetic gain wereobserved forDays to 50% germination, fruit length, fruit weight, fleshthickness,number of fruit per plant, number of seed per fruit, TSS, ascorbic acid,titrable acidity and fruit yield per plant. Correlation studies indicated that fruit yieldper plant was positively and significantly correlated with vine length, number ofprimary branches per vine, fruit length, fruit diameter, fruit weight, flesh thicknessnumber of fruits per plant, and number of seed per fruit however negative andsignificant association was established with TSS and titrable acidity. Maximum positivedirect effect on fruit yield per plant was imposed by TSS, number of seed per fruit,flesh thickness, fruit weight and fruit length which were observed as the mostimportant traits affecting fruit yield per plant, However, high negative direct effectwas observed for days to first staminate flower anthesis, number of fruits per plant,and days to first pistilate flower anthesis. Divergence study revealed that ascorbicacid content contributed maximum percent to diversity followed by titrable acidity,fruit yield per plant, number of seed per fruit, and TSS. Maximum inter cluster distancewas observed between cluster 4 and 5 and indicated that the genotypes within these



138 were highly divergent. SDS-PAGE analysis showed a total of 54 bands identified bycoomassie brilliant blue staining. The genotypes exhibited considerable variation inprotein band number ranging from 19-31. Among the genotypes CHFSM-1 andCHFSM-8 showed maximum number (31) of protein bands while the minimumnumbers (19) of bands were present in CHFSM-2, CHFSM-11, CHFSM-12 and CHFSM-17. It was evident from the present investigation that the genetic relationship studyutilizing SDS-PAGE analysis enhanced the resolution of diversity and thus provided abetter portrait of variability as compared to morphological markers.
Character association analysis studies in Bottle

gourd [Lagenaria siceraria(Mol.)Standl]
B. Muralidharan, V. Kanthaswamy and B. Sivakumar

Pandit Jawaharlal Nehru College of Agriculture and Research Institute (TNAU),
Karaikal, U.T. of Puducherry.

AbstractBottle gourd [Lagenaria siceraria (Mol.) Standl] is an important member of family
Cucubitaceae. It is commercially grown in almost all parts of India during summeras well as rainy season, the fruits are nutritionally rich and used in various culinarypurposes. Yield is a complex character and is governed by polygenic system. Moreover,it is highly influenced by environmental fluctuations. Correlation analysis helps in theevaluation of relationship existing between yield and its components along with theinter relationship among the yield components. Phenotypic correlation is theobservable correlation between two variables, which includes both genotypic andenvironmental effects. Genotypic correlation on the other hand is the inherentassociation between two variables and it may be either due to pleotropic action ofgenes or linkage or both. Environmental correlation arises entirely due toenvironmental effects. Path analysis permits the separation of direct effects fromindirect effects through other related traits by partitioning the genotypic correlationcoefficients Dewey and Lu, (3).   Investigation on the evaluation of bottle gourdgenotypes for yield was carried out in the Department of Horticulture, PanditJawaharlal Nehru College of Agriculture and Research Institute, Coastal region ofKaraikal, U.T. of  Puducherry from January to March 2011. The twenty four diversegenotypes were evaluated for per se performance, phenotypic and genotypicvariability, heritability genetic advance and genetic divergence. The association andcontribution of different characters towards yield were also estimated for all thetwenty four genotypes for 19 characters. All the accessions were evaluated fornineteen characters viz., vine length, number of primary branches, node at whichfirst male flower appears, node at which first female flower appears, days to first male



139flower anthesis, days to first female flower anthesis, sex ratio, days to first harvest,fruit length, fruit width, fruit cavity, flesh thickness, fruit weight, number of fruits pervine, number of pickings, number of seeds per fruit, weight of 100 seeds, yield pervine and total soluble solids. The yield per vine was found to be significant andpositively correlated with fruit flesh thickness and fruit weight. Number of primarybranches, sex ratio, fruit length, fruit width, fruit cavity, number fruit per vine, numberof pickings and number of seeds per fruit were recorded positive and non- significantassociation with fruit yield per vine. Vine length, node number at first male flowerappearance, node number at first female flower appearance, days to first male floweranthesis, days to first female flower anthesis, days to first harvest, weight of 100seeds, and total soluble solids showed negative and non-significant association withyield per vine. Fruit weight recorded highest correlation (r = 0.644) with fruit yieldper plant followed by fruits flesh thickness (r = 0.522) at genotypic level. The resultsof path analysis showed direct and indirect effect of eighteen contributing charactersto yield per vine. Association of characters also indicated the highest contribution offruit weight and fruit flesh thickness towards yield. The path analysis studies revealedthe highest direct effect of fruit weight, fruit width, number of seeds per fruit, daysto female flower anthesis, number of fruit per vine, fruit flesh thickness, number ofprimary branches and number of pickings on fruit yield.
Studies on heterosis and combining ability in

ridge gourd [Luffa acutangula (L.) Roxb.]
Prakash, M.  Kumara, B.R. Savitha H.N. Padamaraj, S.R. And

ShambhulingappaNegalur, College of Horticulture, Bagalkot

AbstractHeterosis and combining ability for yield and component characters in ridge gourdwere undertaken by adopting half Diallel analysis during kharif at Kittur RaniChannamma College of Horticulture, Arabhavi.  A total of six parents and 15 hybridsalong with commercial check were evaluated in Randomized Block design with threereplications during 2011-2012. Observations were recorded on 22 growth and yieldcharacters. The analysis of variance revealed that 16 of the 22 characters weresignificant for treatments (genotypes). Heterosis results revealed that the cross (P1 xP6) (73.62%) exhibited maximum heterobeltiosis and significant positive heterosisover commercial check for early yield per vine. For total yield per vine the cross P2 xP5 exhibited maximum heterosis over mid parent and better parent and also exhibited5.79 per cent heterosis over commercial check. For days to first flowering, firstfemale flowering and first harvesting 12, 5 and 7 hybrids, respectively exhibitedsignificant negative heterosis. Four hybrids showed significant positive



140 heterobe1tiosis for fruit length and diameter and only two hybrids exhibited significantheterobeltiosis for average fruit weight. Combining ability results revealed that bothGCA and SCA variance were Significant for 13 of the 16 traits studied. But for number ofearly, late and total fruits per vine only SCA variances were significant indicating thepredominance of non-additive gene action for these traits. Overall analysis for combiningability results indicated that Arka Sujat, RCR-l and Selection 4-12 very good generalcombiners for most of the traits. Results of correlation studies revealed that  yield pervine was positively and significantly correlated with average fruit weight, early yield,number of fruits, fruit diameter, fruit length and number of leaves per vine. Early yieldper vine had positively and high direct effect on total yield per vine.
Genetic variability, Character association and
Path coefficient analysis in Ridge gourd under

foothills of Himalayas
Uzma Khatoon, Rakesh Kr Dubey, Vikas Singh, VBS Chauhan,

SD Warade and A K Pandey
College of Horticulture & Forestry, CAU, Pasighat, Arunachal Pradesh

AbstractThis study was conducted during summer 2013 at Vegetable experimental farm,College of Horticulture and Forestry, Central Agricultural University, Pasighat,Arunachal Pradesh in 40 ridge gourd genotypes collected from different part of Indiato estimate the magnitude of genetic variability and character association amongyield characters.  Analysis of variance revealed significant differences among thegenotypes for all the attributes. The genotypes CHFRG-10, CHFRG-22, CHFRG-28and CHFRG-30 were found to be superior for the most of the yield components andfruit quality traits. High PCV and GCV, heritability, genetic gain were observed forvinelength, number of node per vine, number of node to first pistillate flower appearance,pedicel length, fruit length, number of fruit per plant, and yield per plant. Correlationstudies indicated that fruit yield per plant was positively and significantly correlatedwith vine length, number of node per vine, crop duration, fruit length, fruit diameter,number of fruit per plant and average fruit weight. However, negative and significantassociation was established with days to first staminate flower anthesis and pistillateflower anthesis. Maximum positive direct effect on fruit yield per plant was imposedby number of fruit per plant, vine length, average fruit weight, fruit length, days tofirst staminate flower anthesis, days to first pistillate flower anthesis and days to50% emergence which were observed as the most important traits affecting fruityield per plant. However, high negative direct effect was observed for number ofnode per vine, internodal length and fruit diameter.
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143Techniques and prospects of Protected
Cultivation of Cucurbits in India

Balraj Singh
National Research Centre on Seed Spices

Tabiji, Ajmer, Rajasthan-305206

AbstractThe basic reason behind the lower productivity and poor quality in cucurbits ismainly due to the damage caused by several biotic and abiotic stresses undertheir open field cultivation. Among the major abiotic stresses extreme of temperaturein both sides (i.e. maximum and minimum) prevailing in several cucurbits growingparts of the country, extreme of relative humidity (i.e. maximum and minimum),extreme of radiation (i.e. maximum and minimum), dust storms, hail storms andupto some extent problematic soils like saline and acidic soils creates problems fortheir successful cultivation and affects not only the productivity but these abioticstresses which ultimately also reduces the quality of produce. Among the biotic stresseslarge number of viruses are mainly responsible for severe damage to different cucurbitsand the intensity of infestation is more severe during the rainy and post rainy seasonin different parts of the country under their open field cultivation. Other than virusesthe other biotic stresses viz., important fungal and bacterial diseases, nematodes,large number of insects and pests like fruit fly, leaf miner, red pumpkin beetle, leafeating caterpillars, aphids and mites are also responsible for lower productivity andpoor quality in cucurbits.Not only this traditional methods of cultivation like flatbed cultivation, direct seeding,surface irrigation, growing the cucurbitaceous crops on ground in horizontal way,serious plant weed competition, traditional methods of fertilizers application orimbalanced use of fertilizers and very poor knowledge about crop managementparticularly about timely and effective plant protection techniques are the otherreasons which are also equally responsible for lower productivity and poor quality.But by using the modern methods of cucurbits cultivation, these all above mentionedproblems in terms of biotic and abiotic stresses can be solved upto a great extent andboth the productivity and quality can be enhanced upto a higher level. Severalproduction technologies/agro techniques, e.g. raised bed technology, training andpruning IPM, plug tray nursery raising technology, low cost off season protectedcultivation technology, greenhouse crop production technology and hybrid seedproduction techniques, have been developed and standardized for different cucurbitsfor different regions with the aim to improve the productivity of these crops on asustainable basis.



144 Hi- Tech production technologies for
cucumber and melon cultivation

M. Prabhakar, S. S. Hebbar, A. K. Nair, R. S. Rajeshwari and K. Bharathi
Division of Vegetable Crops, Indian Institute of Horticultural Research,

Hesarghatta Lake P.O., Bangalore, Karnataka-560089

AbstractIn India vegetables are grown on an area of 9.21 million hectare with aproduction of 162.19 million tonnes and the productivity of 17.62 t/ha. Itranks second in the vegetable production after China in the world but standscomparatively lower in productivity than major vegetable producingcountries. The country’s present annual requirement is 175.2 million tonnesin vegetables, but considering the post-harvest losses, 210 million tons ofvegetables have to be produced. With the present level of population, theannual requirement will be of the order of more than production level. Indiaplans to increase the production of vegetable crops to 340 million tonnes by2050 from present level of production to feed its ever growing population.If India has to emerge as an economic power in the world, our agriculturalproductivity should equal to those countries, which are currently rated aseconomic power of the world. We need new and effective technologies whichcan improve continuously the productivity, profitability, sustainability of ourmajor farming systems. One such technology is the hi-tech vegetable growingtechnology which includes various components of precision farming in openas well as under protected cultivation. These technologies will augment higherproductivity with quality and also facilitates round the year supply of theproduce.  Among the vegetables, cucurbits and melons have important rolein Indian diet for its nutrition values and in Indian horticulture for increasedfarm income. The productivity of cucumber (15.67 t/ha), musk melon (20.67t/ha) and water melon (22.20 t/ha) is low in India due to non-adaptability ofadvanced production technologies, whether grown in uplands or river beds.As stated above, the hi-tech cultivation of these crops not only increases theproduction of these crops but also availability during the off seasons. Fieldexperiments were conducted during 2008-2014 in water melon and slicingcucumber at the farm of Indian Institute of Horticultural Research, Bangalore.The results of the experiment on Rabi summer grown watermelon shownthat  application of water soluble fertilizer @ 70:70:70 kg N:P:K per hectarethrough fertigation  resulted in significantly superior values for the cropgrowth characters such as  vine length, number of branches per plant and



145leaf area index. The results also indicated that irrespective of the source anddoses, fertigation treatments recorded higher average marketable water melonyield over the soil application of conventional fertilizers to the tune of 7.3 to26.4 per cent.  The economics of fertigation treatments revealed that forenhancing productivity of water melon, water soluble fertilizers are better,however due to their higher cost from the net income point of viewfertigation using conventional fertilizers was found more economical. Theexperimental results from the slicing cucumber grown in open field duringsummer have indicated that the drip fertigation using either conventionalor water soluble fertilizers resulted in better growth and yield (46.3-55.13t/ha) as compared to soil application of conventional fertilizers (37.5 t/ha).In fertigation treatment further improvement in crop productivity wasobserved with polyethylene mulching. Studies on greenhouse cultivation ofmusk melon and European cucumber using naturally ventilated poly houseat IIHR, Bangalore were carried out during 2006-2011.The results clearlyindicated that not only the higher productivity and quality, even the producecan also be harvested during off season. Several cultivars of musk melonviz., Punjab Hybrid, Punjab Sunheri, Punjab Anmol, NS- 10, Madhuras, PusaMadhuras, Kashi Madhu, Bobby, Swathi and Sun were grown during wintermonths with sowing dates extending from October to November. The averagefruit yields of the green house grown crops was substantially higher (60.7t/ha) as compared to open field crop (29.4 t/ha). Fruit quality characterslike fruit size and TSS were significantly superior in green house cropcompared to open field. The green house studies were also conducted foroff season (winter) production of cucumbers inside the green house. Severalvarieties belonging to regular slicing (Malini,Tripti, Rajdhani, Green long, PSKheera, US-6125 and NS 404) and parthenocarpic cucumber (I-Satis, Valleystar and Silyon,) types were tested. The studies have indicated the possibilityof harvesting period of about 75-80 days facilitating about sixteen harvestsat an interval of five days. The average yield of three years with regularslicing cucumber hybrids was in the range of   84.9 to  117.4 tonnes perhectare, while in parthenocarpic cucumbers yield ranged from 112.0 to 114.3t/ha. Though the yield levels with parthenocarpic cucumbers were marginallylowers, but due to their higher market price, they resulted in higher economicreturns. Parthenocarpic cucumbers did not require pollination, whereasregular slicing cucumbers were hand pollinated. From these studies it isclearly evident that hi-tech production technologies such as open fieldprecision farming and green house cultivation will play a major role inenhancing the crop productivity, produce quality, high economic returns perunit area and facilitate off season or year round production of cucurbitaceousvegetables.



146 Status and future scope for soil and nutrient
management for sustainable production of cucurbits

A. N. Ganeshamurthy
Indian Institute of Horticultural Research,

Hessaraghatta Lake Post, Bengaluru 560089

AbstractDespite the continued development of new andimproved modern varietiesand greater use ofchemical fertilizers, yield growth began to slow inthelatter part of the 20th century. Farmersoften apply fertilizer in excess ofrecommendedlevels in order to ensure high yields.Concern has also grownin recent years that theuse of fertilizers, particularly inorganic fertilizers,canlead to serious environmental consequences.Environmental contaminationof this type, however,is largely a problem in the developed worldand a fewregions of the developing world.Cucurbits are a group of plants belonging to cucurbitaceae family withthe most species used as human food. Within this family, thegenus Cucurbita stands out as one of the most important. Five of its species have been domesticated in the New World and for thousands of years theyhave been cultivated. In spite of the current marginalization of some of thesespecies, from very remote times all have contributed essential food productsto the diet of human beings.Cucurbits come on all types of well drained soils. The performance ofcrops is directly related to the organic carbon status of the soil as thesecrops do not tolerate nutrient imbalance in the system. The fertiliserrequirements of cucurbits as a group are not particularly high. Thenitrogenrequirement is about 75 kg to 100 kg per hectare. Phosphorus 35to 50 kg per hectare and potassium 80 to 100 kg per hectare. If not underfertigation half to two-thirds of the nitrogen, and all thephosphorus andpotassium, are applied at planting, with the remaining nitrogen being applied3to 4 weeks after emergence. Cucurbits suffer severely from boron,molybdenum and zinc deficiencies in large area. Foliar spray of boron alonehas resulted in significant improvement in yield, shape and size of fruits inmost of the cucurbits. Where molybdenum is known to be deficient, seedsoaking is recommended for 4 to 6 hours in a solution of 15 g to 20 g sodiumor ammonium molybdate in 5 litre water.The soaking also encourages rapid



147germination. Foliar spray of micronutrient formulations containing multiplemicronutrients have shown promising results in many locations.Though the crops are highly water efficient, to encourage deeprooting the soil should, during the first third of the growing period, be wetto a depth of 450 mm, whenever 90% of the available soil moisture has beendepleted. Later part the crop performs well even at 50% depletion Cucurbitsfind a prominent place in greenhouse crops even though they cover a smallfraction of total cultivated cucurbits.  But they do play an important role inproducing high quality and off season crops.  Crops are often concentratedin relatively small areas in periurban clusters.  However in periurban areasproduction comes with potential consequences on the environment due tothe discharge of waste materials (e.g. heavy metals, organic pollutants, plasticsand artificial growing media) and the large use of water and agrochemicals.Awareness of the pollution associated with open and greenhouse croppingsystems in periurban areas need to be created.
Recent advances in production technology of

cucurbitaceous vegetables

Dr. B. K. Srivastava
Ex-Professor, Vegetable Science, G. B. P. U. A. T. Pantnagar

AbstractAmong different group of vegetables ,cucurbits are the largest one having15 vegetables under commercial cultivation and about 7 confined tohomestead or hut gardens. In the world, maximum area is occupied bywatermelon, whereas in India pumpkin, squashes and gourds predominatethe cultivation. F.A.O. estimates indicate that productivity of most of thecucurbits in India is even lower than the world average. Besides the hugemarket available in the country itself, many cucurbits are also in demandfrom abroad. Hence, it warrants to make every effort to boost theproductivity by genetic improvement as well as by agronomic and pestmanagement strategies.        One of the recent advances in production technology of vegetables,including cucurbits, has been the area of plasticulture. To reduce the cost ofproduction with ensured establishment of transplants in the field, theseedlings are being raised in trays specially in poly greenhouses. The growing



148 media consisting of vermiculite/ perlite / geolite / cocopeat / compost/FYM/ rock wool/ sand / soil mixed in appropriate proportion filled in pottingplugs also called as plug trays or protrays facilitates the sprouting of seeds,development of healthy seedlings, easy uprooting of seedlings along withsmall earth ball, finally leading to a better field establishment. In traditionalriverbed cultivation in north India, the farmers take a lot of trouble to rearthe plants during severe winter with the interest to get early crop in springseason. The poly house/ low tunnel nursery production can tremendouslysave the time and money of such farmers without sacrificing the benefit oftaking early off season crop. Cucurbits are basically warm season vegetablesgrown as kharif and zaid crops in northern plains. The protected cultivationhas made it possible to produce them year round. The vegetables likecucumber, gherkins, bitter gourd, and bottle gourd have successfully beengrown during winter season in low cost naturally ventilated poly house. Inmid hills and valleys, also melons may be produced during summer season.The experiments have revealed that compared to the open field, manifoldincrease in the yields of different cucurbits may be achieved using low costpoly green houses. Eco-friendly plant protection has also been achievedthrough plastic application. Solarization of nursery bed or small field soilusing plastic film has been found very effective in minimizing the attack ofsoil borne pathogens. Similarly, transparent poly ethylene sleeves having bothends open with 30-45 cm height and 120 cm circumference if installed overthe hills have proved even better than insecticidal application in the controlof red pumpkin beetle in early growth stage ,as observed at Pantnagar.      Since cucurbits are planted at comparatively larger distance ,the dripsystem of irrigation is found more economical than closely planted manyother vegetables .Experiment conducted at several locations across thecountry have shown an increase in the range of 11-200 % in the yield ofvarious cucurbits with a water saving of up to 68%  .Now a days , low gaugestable plastic films are available which have also proven their worthiness inimproving the yield ,economizing the irrigation cost and exhibiting manyother beneficial effects .Site specific application of water and the nutrientsare the essential components of the much talked about precision farming.However, more studies are needed in this area and the operations are madeto be more handy .Root distribution studies in cucurbits have not been donein our country .Such studies will be helpful in site specific nutrientmanagement .Cucurbits being vining in nature have responded veryfavourably to the training and support to the plants .This practice has to befurther popularized .Similarly ,the package of practices have to be workedout for minor crops like gherkins ,sweet gourd ,kakoda etc. to make theircultivation more popular .



149Integrated nutrient management in cucumber
(Cucumis sativus L.) under protected cultivation

N. Ahmed, S. R. Singh, Anil Sharma, D. B. Singh,
Geetika Sheemar and ShabeenaYousuf

Div. of Vegetable Science and Floriculture, CITH, Srinagar

AbstractCucumber is an important vegetable praised for its refreshing nature and medicinalproperties. It contains lariciresinol, pinoresinol, and secoisolariciresinol whichreduce the risk of cardiovascular diseases and several cancers. Cucumber is verysensitive to low temperature and a soil temperature of at least 10 ºC is needed at planting.Under hill conditions, its protected cultivation is getting momentum due to its lowtemperature sensitivity and suitability for vertical space production. Since, shortcomingsof the sole use of chemical and organic sources of nutrition to the crops are nowevident, the impact of integrated nutrient management (INM) on yield of cucumbervariety SH-CH-1 under protected conditions was estimated using five treatments infour replications. The bio-fertilizers used were Phosphate Solubilising Bacteria (PSB)and Azotobacter chrococum. Although in first year of trial the recommended dose ofchemical fertilizers gave highest yield, the second year recorded highest number offruit/plant (22.16), average fruit weight (361 g) and fruit yield (1108.96 Kg/ha) with50% RDF through chemical fertilizers along with 50% Vermicompost and bio-fertilizers. The results conclude that INM that includes half of the recommended dose offertilizers combined with half of the recommended vermicompost complimented withPSB and Azotobacter under protected conditions gives highest yield in variety SH-CH-1. Although, the other treatments give lower yields than the combination of 50% RDFthrough chemical fertilizers along with 50% Vermicompost and bio-fertilizers butthey are still higher than 100 per cent use of chemical fertilizers.
Effect of different spacing and training systems on yield of
cucumber (Cucumis sativus L.) under protected cultivation

N. Ahmed, S. R. Singh, Anil Sharma, D. B. Singh,
Geetika Sheemar and Shabeena Yousuf

Div. of Vegetable Science and Floriculture, CITH, Srinagar

AbstractCucumber is relished as a salad item all over the world and also processed inpickled form. This crop is naturally sensitive to low temperatures. Therefore, togrow them under cold climatic conditions like those of North Himalayan agro-climaticconditions of India, the protected cultivation under polythene cover is a beneficial



150 option for the farmers. In order to standardize spacing and training systems forcucumber growing in protected structures, four varieties (Japanese Green Long,Pioneer Pickling, NSX-2 and Green Express) and two hybrids (SH-CH-1 and SH-CH-2) were evaluated with two spacing and three training system for three consecutiveyears. Considering all the three factors; genotypes, training systems and plantingdensities, the highest yield was recorded in SH-CH-1 (960.59 q/ha) trained to doublestem at the spacing of 120 × 60 cm. Among varieties, Japanese Green Long showedhighest yield (904.35 q/ha) in the same systems of spacing and training. The singlestem training gave the highest yield while double stem was responsible for highestfruit number. Among different spacing studied, 120 × 60 cm demonstrated highestyield.
Role of GA3 on morpho-physiological and

yield parameters in bitter gourd
(Momordica charantia L.)

Geeta Biradar, C. M. Nawalagatti and M. B. Chetti
Department of Crop Physiology, College of Agriculture,

University of Agricultural Sciences, Dharwad

AbstractA field experiment was conducted at Main Agricultural Research Station, Universityof Agricultural Sciences, Dharwad to study the effect of GA3 on morpho-physiological and yield parameters in bitter gourd (Momordica charantia L.). Theexperiment consisted of two varieties (MHBI-15 and Chaman Plus) and three levelsof GA3 (20, 40 and 60 ppm) and water spray as control. The morpho-physiologicalparameters were taken in three different stages of plant growth (40, 60 and 75 DAS).The results of the investigation indicated significant differences between thetreatments and varieties on vine length and number of leaves at all the stages. Amongthe treatments GA3 @ 20 ppm had recorded significantly maximum vine length andnumber of leaves as compared to other treatments and control. The parameters ofyield revealed that the maximum fruit yield was recorded significantly with theapplication of GA3 (20 ppm) followed by GA3 (40 ppm) and lowest yield was obtainedin control. The increase in the yield was attributed to increase in number of femaleflowers per plant and number of fruits per plant. However, among the varieties,performance of Chaman plus was superior compared to MHBI-15 in all theparameters.
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Response of Crop Geometry on the Performance of

Parthenocarpic Varieties of Cucumber (Cucumis
sativus L.) Under Controlled Polyhouse Condition

Imran Khan, K. D. Ameta, R. A. Kaushik,
R. B. Dubey, S. Pareek and R. K. Jat

Department of Horticulture, Rajasthan College of Agricuture,
MaharanaPratap University of Agriculture and Technology,

Udaipur, Rajasthan-313001

AbstractAn experiment was conducted to assess the effects of cultivars and spacing onyield and yield attributes of parthenocarpic cucumber grown under controlledpolyhouse during summer. There were six cultivars viz. Nun-3134, Kian, Isatis, Infinity,Nun-3121 and Nun-3141 and three levels of spacing viz. 45 cm × 30 cm, 45 cm × 45cm and 45 cm × 60 cm. The experiment was laid out in factorial completely randomizeddesign with three replications. Observations were recorded on vegetativecharacteristics i.e. vine length, stem diameter, number of primary branches per vineand number of secondary branches per vine, number of first flowering node, inter-nodal distance, days to anthesis of first flower and days to first harvest, yield andyield contributing characteristics i.e. number of fruits per vine, fruit weight, fruitlength, fruit volume, fruit diameter, yield per vine and yield per square meter andquality characteristics i.e. specific gravity, TSS and moisture content. The resultsshowed that all vegetative characters under study were significantly influenced byvarious cultivars and levels of spacing. Nun-3134 was found to be significantlysuperior in respect of yield and yield attributing traits having maximum values of3.98 kg and 20.88 kg for yield per vine and per square meter, respectively. Interactioneffects of cultivars and spacing were significant for most of vegetative characteristicsexcept days to anthesis of first flower and days to first harvest.  Among the treatmentcombinations, maximum yield per vine (4.30 kg) was recorded for Nun-3121 plantedat a distance of 45 cm x 30 cm. However, maximum yield per square meter (26.66 kg)was recorded in Nun-3134 planted at a distance of 45 cm x 30 cm.



152

Evaluation of F1 hybrids of cucumber
(Cucumis sativusL.)

under naturally ventilated polyhouse

V. G. Lajurkar, P. C. Mali, P. C. Haldavanekar, Y. R. Parulekar,
V. G. Magar and N. R Phutankar

Department of Horticulture, College of Agriculture, Dr.  Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli, District: Ratnagiri, Maharashtra -415 712

AbstractCucumber (Cucumis sativus L.) is the most popular cucurbit grown in tropicsand  subtropics, which fetch premium price in markets all the year round.The F1 hybrids of cucumber are becoming popular due to their high yielding abilityespecially under naturally ventilated polyhouse conditions. Hence, seventeencucumber hybrids were studied for growth, yield and yield attributing charactersunder naturally ventilated polyhouse in Konkan agro climatic conditions. Datarevealed that significant differences in the respect of various characters understudy. It was evident that hybrid US-800 recorded the highest vine length (7.30m), whereas hybrid Malini had maximum number of branches per vine (14). Thelowest days to appearance of first male and female flower was recorded in   hybridDaynasty (35.40) and Swati (36.30) respectively. The first harvest noticed inhybrid Shighra (51.10 days) as well as highest harvesting span (35.90 days).Maximum number of harvestings was observed in hybrid Daynasty (14.40). Inrespects of physical parameters, maximum fruit length was noticed in hybridMahabharat (19.10 cm), whereas maximum fruit diameter in hybrid Malini (4.36cm). The cucumber hybrid Malini was ranked first in respect of fruit weight(241.18 g), number of fruit per vine (23.70), fruit yield per vine (4.92 kg) andyield per hectare (716.46 qt). Thus, Hybrid Malini was found superior over restof the cucumber of hybrids with regards to yield and yield attributing characters.Hence, hybrid Malini is suitable for cultivation in naturally ventilated polyhouseunder Konkan agro climatic conditions.



153Increasing productivity and water use efficiency of summer
squash (Cucurbita pepoL.) using mulching and drip

fertigation in Uttarakhand hills

Lalit Bhatt1, V.P. Singh2, S.K. Maurya1, Dhirendra Singh1, and J.P. Singh3

 1Dept. of Vegetable science, 2Dept.  of Horticulture,  3Director Experiment Station
G.B. Pant University of Agriculture and Technology,Pantnagar 263 145

AbstractSummer squash (Cucurbita pepo L.) is a Cucurbitaceous vegetable of mild weathercharacterized by quick growth, early maturity and high yield. It performs well incool and moist climatic condition and requires approximately 16-27 0C temperaturefor its normal growth and development. It has a great production potential under inUttarakhand hill under mild climatic condition. Ease in cultivation, quick growth,higher yield and off season nature of crop lead to higher return per unit area undersmall and scattered land holdings, thus attracting number of vegetable growers towardits cultivation in rain fed situation. In spite of favourable climatic condition inUttarakhand, cultivation of summer squash is not so easy. Low temperature duringinitial growth period followed by temperature fluctuations in latter part of the growth,moisture stress, less and erratic precipitation, depletion in available soil moisture dueto increase in temperature and high wind velocity are some of the major constraints,which restrict the commercial cultivation of summer squash in mid – hill conditionof Uttarakhand leading to low productivity.  Considering the above facts a study wasunder taken to investigate the effect of drip fertigation and mulching in improvingthe productivity and water use efficiency of  summer squash under rain fed conditionof Uttarakhand hills during spring summer of 2009 to 2011 under Ranichauri &Gwaldam Research station of G.B. Pant University of Agriculture and Technology andat farmer’s field. The summer squash grown under drip irrigation and was mulchedwith black plastic mulch and with different locally available mulch materials i.e.  Pineneedles, Dry leaves, FYM, along with control in Randomized Block Design. The use ofblack plastic mulch in combination drip irrigation advanced the harvesting by 10 to15 days. Besides extending the harvesting time it increased the total yield by 70 to 80per cent over farmers’ practice at various locations. Summer squash cultivation usingdrip system and black plastic mulch not only reduced the water requirement by 40 to60 per cent but also two fold to three fold water use efficiency (WUE). The economicanalysis of the study revealed that the use of black plastic mulch in combination withdrip fertigation in summer squash gave highest benefit cost ratio of 3.75 comparedto 1.78 in case of farmer’s practice.
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Integrated Nutrient Management in Cucumber

Grown Under Open Condition for Bastar
Plateau of Chhattisgarh

G. P. Nag1*, Deo Shankar2, M. S. Paikra2 and D. P. Singh2

1College of Horticulture, Jagdalpur-494 005, 2SG, College of Agriculture &
Research Station, Jagdalpur-494 005

AbstractAn experiment was conducted at SG, Collage of Agriculture & Research Station,Jagdalpur (C.G.), during summer 2013 to study the effect of integrated nutrientmanagement on growth, yield and quality attributes of Cucumber (Cv. Pusa Sanyog)grown under open condition. The experiment was laid out in RBD with ten treatmentsand four replications. The results revealed that application of 100% RDF (60:60:80kg NPK ha-1) + 100 % Vermicompost (2.0 t ha-1 )  + Azotobacter (AZT) 4.0 kg ha-1 +Phosphobacteria (PSB) 5.0 kg ha -1 + Trichoderma 5 kg ha-1  given highest fruit yield(37.87 t ha-1) it was significantly superior than all over the treatments and followedby treatment 75% RDF + 50 % FYM + 50% Vermicompost (1.0 t ha-1 ) + Azotobacter(AZT) 4 kg ha-1 + Phosphobacteria(PSB) 5kg ha -1 + Trichoderma 5 kg ha-1 given fruityield ( 36.20 t ha-1), Treatment 100% recommended dose fertiliser (60:60:80 kg NPKha-1) + 100% FYM 25 t ha-1 given fruit yield ( 35.57 t ha-1), treatment 50% RDF +  50% FYM + Azotobacter (AZT) 4 kg ha-1 + Phosphobacteria(PSB) 5kg ha -1 + Trichoderma5 kg ha-1  given fruit yield ( 35.32 t ha-1) and treatment 75% RDF + 75% Vermicompost(1.5t ha-1 ) + Azotobacter (AZT) 4 kg ha-1 + Phosphobacteria(PSB) 5kg ha -1 +Trichoderma 5 kg ha-1given fruit yield ( 35.17 t ha-1). Under the growth parametersmaximum plant height (2.47 m), number of leaves per plant (90.75 nos.) and numberof branches per plant (6.0 nos.) was recorded in treatment T4 - 100% RDF + 100 %Vermicompost (2t ha-1 ) + Azotobacter (AZT) 4 kg ha-1 + Phosphobacteria(PSB) 5kgha -1 + Trichoderma 5 kg ha-1 . It may be conclude that the treatment T4- 100% RDF +100 % Vermicompost (2t ha-1 ) + Azotobacter (AZT) 4 kg ha-1 + Phosphobacteria(PSB)5kg ha -1 + Trichoderma 5 kg ha-1 may be recommended to farmers for commercialproduction of Cucumber under open condition for Bastar Plateau of Chhattisgarh.



155Effect of mulches and level of irrigation on
crop yield for bottle gourd – A Review

Padmakshi Thakur, Sasmita Priyadarsini Dash
Department of Horticulture, IGKV, Raipur – 492012

AbstractMulching with drip irrigation system is an effective method of manipulating cropgrowing environment to increase crop yield. Mulching helps in minimizingdisease incidence and harmful microbial activities. It has various advantages viz.,reduced evaporation, weed control, reduced soil compaction and root pruning,reduction in fertilizer losses, insect control and also allow other components, such asdrip irrigation to achieve maximum efficiency. A field experiments were conductedto assess the impacts of different type of mulches with different level of irrigationthrough drip irrigation system on performance of bottle gourd [Lagenaria siceraria(Mol.) Standl.] in PFDC, IGKV, Raipur during the year 2011-12. The crop yield wasfound maximum under black plastic mulch with 80% of CWR (Crop WaterRequirement) through drip irrigation system, followed by paddy straw mulch andwithout mulch with drip system in a split plot design. The benefit cost ratio wasfound maximum (2.14) fewer than 80% of CWR through drip irrigation system withblack plastic mulch. These improvements of crop growing environment resulted inincreased bottle gourd growth and fruit yield.
Problems and Prospects for Off-season

Cultivation of Watermelon in River Beds under
Terai zone of West Bengal—a SWOT Analysis

Ranjit Chatterjee and P. K. Pal
Uttar BangaKrishiViswavidyalaya, Pundibari, Cooch Behar-736165(W.B.)

AbstractWatermelon is emerging as an important cash crop in the river bed of Toorsa and
Mansai river of Coochbehar during the winter months due to increasingdemand of off-season watermelons in big cities like Kolkata, Guwahati, Silchar andneighbouring Bangladesh and Bhutan. The micro climate of riverbed favourswatermelon cultivation during winter months. The landless communities utilize the



156 river bank to earn their livelihood through off-season cultivation of watermelon.The seeds are sown in November with the onset of winter and fruits are harvestedfrom March onwards till hot summer of May. However, there is a huge gap betweenpotential yield and actual yield which make the system less remunerative. In spite ofthe favourable climate, vast unutilized land and market opportunities, the pooroutcome from the system force these vulnerable communities to migrate to otherplaces to earn their livelihood. In this backdrop, the present study was formulated togain insight on the problems and prospects of this potential production system byconducting strength, weakness, opportunity and threat (SWOT) analysis on the bankof river Toorsa and Mansai of Coochbehar district during 2013-14. Information wascollected through participatory approach and personal interview of selected watermelon farmers. In the paper, the detailed investigation of SWOT analysis washighlighted. The outcome will result in better understanding of the sector and theintervention will make the system more productive and economically viable.
Influence of Growth Regulators on Growth and

Yield of Gherkins (Cucumis anguria Linn.) CV. Ajax

S.P.Satose, R.N.Nawale.P.C.Haldavanekar, Y.R.Parulekar and P.M.Haldankar
Department of Horticulture, Dr. B.S. Konkan Krishi Vidyapeeth, Dapoli (MS)

AbstractGherkin (Cucumis anguria Linn.) belongs to family Cucurbitaceae is one of theimportant cucurbits cultivated exclusively for export. It is also called as ‘WestIndian Gherkin’ or ‘Burr cucumber’ or ‘Gooseberry gourd’ or ‘Pickling cucumber’. Itis mainly used for pickling and also as mixed green salad. The ultimate yield is dependenton the number of female flowers produced on the plant. The role of plant growthregulators in altering sex expression in cucurbitaceous crops is well known. Theclimatic conditions of Konkan region are ideal for cultivation of gherkins during rabicum summer season. However, the information on use of PGRs on sex modificationin gherkins under Konkan condition is lacking. Hence, present investigation on“Influence of growth regulators on growth and yield of gherkins CV. AJAX wasconducted under Konkan agro climatic condition of Maharashtra. The treatmentsNAA (50,100 and 150ppm), GA3 (15 and 30ppm), Ethrel (100 and 200ppm), TR1A



157(2, 4 and 6ppm), PBZ (50,100 and 150ppm) and control (water spray) were appliedin the form foliar sprays each at two and four true leaf stages. The results showed thatall the treatments showed significant variations for growth and yield parameters ofgherkin Cv. Ajax. Among all the treatments studied significantly the highest fruit yieldof gherkin Cv. Ajax was observed at 100 ppm ethrel over all the growth regulatortreatments under study. Foliar sprays of GA3, NAA and triacontanol promotedvegetative growth, whereas PBZ retarded the same. The findings showed that ethrel100ppm and triacontanol 4ppm had shown better results for yield maximization ingherkin cv. Ajax under Konkan agro-climatic conditions of Maharashtra.
Effect of fertigation and shade on

quality traits of cucumber
(Cucumis sativus L.)

T. Sumathi, V. Ponnuswami, V. Pramela and R. Akila
Department of vegetable crops, Horticultural College and Research Institute

TamilNadu Agricultural University, Coimbatore

AbstractField experiments were conducted at the Department of Vegetable Crops,Horticultural College and Research Institute, Tamil Nadu Agricultural University,Coimbatore to elucidate the effect of shade and fertigation on quality of cucumberhybrid ‘NS 404’. Based on the observations recorded on the various qualityparameters, it was revealed that the fertigation treatments with 100 per cent watersoluble fertilizers applied in combination with calcium chloride spray registered themaximum values under shade net condition and improved most of the qualityparameters. The fruit quality traits viz., firmness, TSS, ascorbic acid, titrable acidity,shelf life and moisture content were improved with the application of 100 per centwater soluble fertilizer plus calcium chloride combinations. The results also revealedthat the ca content of the cucumber fruits increased dramatically with the applicationof pre-harvest foliar sprays of CaCl2 (1.0 per cent). Microtomy study was undertakento determine the role of calcium in cell wall thickening and turgidity maintenance inthe fruits. The data have vividly revealed that calcium accumulation was indicated inthe microtomy sectioning by the appearance of blackening around the cell.



158 Effect of cucurbitaceous rootstocks on
survival, growth and yield of bitter gourd

(Momordica charantia L)
1N. A.Tamil Selvi, 2L. Pugalendhi and 3T. Saraswathi1,3Horticulture College and Research Institute, Coimbatore- 641 003,2Tapioca and Castor Research Station, Yethapur, Salem-636 119

AbstractAn investigation was carried out at the Department of Vegetable Crops, HorticulturalCollege and Research Institute, Tamil Nadu Agriculture University, Coimbatoreduring 2011-2013 with Cucurbitaceous rootstocks and two bitter gourd scions (PaleeF1 and CO1) to determine the effect of side grafting on survival, growth and yield ofbitter gourd grafts. The observations on survival percentage revealed that Palee F1grafted onto pumpkin (Cucurbita moschata) rootstock recorded the highest successpercentage  (89.05, 78.90 and 71.70), followed by sponge gourd rootstock (85.35,74.35 and 68.26 per cent)  at 15,30 and 45 days after grafting  respectively. The lowestsuccess percentage was observed, when bitter gourd grafted on to mithipakal(Momordica charantia var. muricata) followed by fig leaf gourd (Cucurbita  ficifolia)rootstock respectively. The grafted plants are planted in the field along with non graftedplants (control).The results revealed that Palee  F1 grafted onto pumpkin rootstock wasfound to be the best as it expressed good performance for vine length (856.66 cm),number of branches (13.16), fruit number per vine (27.88), fruit weight (183.66 g),fruit yield per vine (3.62 kg) as compared to other graft combinations as well as nongrafted plants. Furthermore, grafting had no significant effect on fruit quality.
Effect of varying levels of nitrogen, phosphorus

and potassium on Growth and Yield of Bottle
gourd under Southern dry region of Karnataka

P. Umamaheswarappa, K. Krishnappa and M. Pitchaimuthu
Division of Horticulture, University of Agricultural Sciences, Bangalore-560 065

AbstractBottle gourd [Lagenaria  siceraria (Mol). Standl] is popular Cucurbitaceousvegetable crop is grown in around the year in all the seasons in all parts of India.It is becoming popular in most of the states to raise two or three crops in a year. It ismainly grown for its fruits both in tropics and subtropics of the world. It is one of the



159early maturing vine vegetable crop. It is known that primary nutrients are essentialfor increasing crop growth and yields. The nutrients requirement of crop depends oncultivar, soil fertility, soil conditions and also agro climatic conditions. However,there is little information available on nutrient requirement of this crop. Therefore,this study was undertaken to study the effect of varying levels of nitrogen, phosphorusand potassium on growth and yield of Bottle gourd Cv. Arka Bahar in southern dryregion of Karnataka at Horticultural Research Station, Gandhi KrishiVigyan Kendra,Bangalore in plot size of 5x5 m at a spacing of 3.0 x 0.9 m during kharif season and theexperiment laid out in a factorial randomised complete block design with threereplications and consisted of three levels each of nitrogen(0, 60 and120 kg/ha),phosphorus(0, 50 and 100 kg/ha) and potassium(0, 30 and 60 kg/ha). Observationswere recorded for vine length(cm), Number of leaves, Number of branches per vine(cm), vine girth at collar region(cm), Number of male flowers per vine, Number offemale flowers per vine, length of fruit(cm), girth of fruit(cm), weight of fruit(g) andfruit yield(t/ha). Different levels of NPK differed significantly for the charactersstudies. Among the different NPK levels tested the application of 120:50:60 kg NPK/ha recorded the highest fruit yield of 33.47(t/ha) and the lowest yield of 26.69 (t/ha)was recorded in the control. Among the different levels of NPK tested 120:50:60 kgNPK/ha had high fruit yield.
Uptake of nitrogen, phosphorus and potassium by plant and
leaf chlorophyll content of Bottle gourd Cv. Arka Bahar under

Southern dry region of Karnataka
P. Umamaheswarappa, K. Krishnappa and M.Pitchaimuthu

Division of Horticulture, University of Agricultural Sciences, Bangalore-560 065

AbstractBottle gourd [Lagenaria siceraria (Mol). Standl] is one of the most important andpopular Cucurbitaceous vegetable belonging to family Cucurbitaceae. It is grownextensively in around the year in all the seasons in all parts of India. It is becomingpopular in most of the states to raise two or three crops in a year. It is mainly grownfor its fruits both in tropics and subtropics of the world. It is one of the early maturingvine vegetable crop. It is known that primary nutrients are essential for increasingcrop growth and nutrients uptake by plant. The nutrients requirement of crop dependson cultivar, soil fertility, soil conditions and also agro climatic conditions. However,there is little information available on nutrient requirement of this crop. Therefore,this study was undertaken to study the effect of varying levels of nitrogen, phosphorusand potassium on uptake of NPK by plant and leaf chlorophyll content of Bottle gourdCv. Arka Bahar in southern dry region of Karnataka at Horticultural Research Station,



160 Gandhi Krishi Vigyan Kendra, Bangalore in plot size of 5x5 m at a spacing of 3.0 x 0.9m during kharif season and the experiment laid out in a factorial randomised completeblock design with three replications and consisted of three levels each of nitrogen(0,60 and120 kg/ha), phosphorus(0, 50 and 100 kg/ha) and potassium(0, 30 and 60kg/ha). Observations were recorded for uptake of N by plant, uptake of P by plant,uptake of K by plant, Chlorophyll a content in leaf, Chlorophyll b content in leaf, Totalchlorophyll content in leaf. Different levels of NPK differed significantly for thecharacters studies. Among the different NPK levels tested the application of 120:50:60kg NPK/ha recorded the highest uptake of NPK by plant. Among the different levels ofNPK tested 120:50:60 kg NPK/ha had high total chlorophyll content.
Effect of varying levels of nitrogen, phosphorus and

potassium on Flowering, Fruit set and Sex Ratio of Bottle
gourd under Southern dry region of Karnataka

P. Umamaheswarappa, K. Krishnappa and M.Pitchaimuthu
Division of Horticulture, University of Agricultural Sciences, Bangalore-560 065

AbstractBottle gourd [Lagenaria siceraria(Mol).Standl] is one of the most important andpopular Cucurbitaceous vegetable belonging to family Cucurbitaceae. It is grownextensively in around the year in all the seasons in all parts of India. It is mainlygrown for its fruits both in tropics and subtropics of the world. It is one of the earlymaturing vine vegetable crop. Flowering and fruit set are governed by the geneticmakeup and environmental factors in which they grow. Being a crop of having diversesex forms, drift in sex ratio becomes a major limiting factor for the productionaffecting the yield. It is known that primary nutrients are essential for increasingcrop yields. Nutrition is the limiting factor of plant growth and production .However,there is little information available on nutrient requirement of this crop. Therefore,this study was undertaken to study the effect of nitrogen, phosphorus and potassiumon flowering, fruit set and sex ratio of Bottle gourd Cv. Arka Bahar in southern dryregion of Karnataka at Horticultural Research Station, Gandhi KrishiVigyan Kendra,Bangalore in plot size of 5x5 m at a spacing of 3.0 x 0.9 m during kharif season and theexperiment laid out in a factorial randomised complete block design with threereplications and consisted of three levels each of nitrogen(0,60 and120 kg/ha),phosphorus(0,50 and 100 kg/ha) and potassium(0,30 and 60 kg/ha). Observationswere recorded for Days to appearance of first male flower, Days to appearance offirst female flower, Number of days required for first fruit set, Fruit set per cent andSex ratio. Different levels of NPK differed significantly for the characters studies.Among the different NPK levels tested the application of 120:50:30 kg NPK/harecorded the highest per cent of fruit set and Sex ratio.



161Effect of varying levels of nitrogen, phosphorus and
potassium on Flowering,    Fruit set and Sex Ratio of

cucumber (Cucumis sativus. L)
under Southern dry region of Karnataka

P. Umamaheswarappa, K. Krishnappa and M.Pitchaimuthu
Division of Horticulture, University of Agricultural Sciences, Bangalore-560 065

AbstractCucumber (Cucumis sativus. L) is an important vegetable crop belongs to familyCucurbitaceae. It is grown in around the year in all the seasons in all parts ofIndia. It is mainly grown for its fruits both in tropics and subtropics of the world. Itis one of the early maturing vine vegetable crop. Flowering and fruit set aregoverned by the genetic makeup and environmental factors in which they grow.Being a crop of having diverse sex forms, drift in sex ratio becomes a major limitingfactor for the production affecting the yield. It is known that primary nutrients areessential for increasing crop yields. Nutrition is the limiting factor of plant growthand production. However, there is little information available on nutrientrequirement of this crop. Therefore, this study was undertaken to study the effectof nitrogen, phosphorus and potassium on flowering, fruit set and sex ratio ofcucumber Cv. Poinsette in southern dry region of Karnataka at HorticulturalResearch Station, Gandhi Krishi Vigyan Kendra, Bangalore in plot size of 5x5 m at aspacing of 2.5 x 0.8 m during kharif season and the experiment laid out in a factorialrandomised complete block design with three replications and consisted of threelevels each of nitrogen(0,60 and120 kg/ha), phosphorus(0,50 and 100 kg/ha) andpotassium(0,40 and 80 kg/ha). Observations were recorded for Days to appearanceof first male flower, Days to appearance of first female flower, Number of daysrequired for first fruit set, Fruit set per cent and Sex ratio. Different levels of NPKdiffered significantly for the characters studies. Among the different NPK levelstested the application of 120:50:40 kg NPK/ha recorded the highest per cent offruit set(71.96) and Sex ratio of 5.60 and the sex ratio of 4.62 was recorded in thecontrol. Among the different levels of NPK tested 120:50:40 kg NPK/ha had highfruit set and sex ratio.



162 Impact of Drip irrigation technology in
Muskmelon cultivation for rural prosperity

P. Umamaheswarappa and A.H. Kumar Naik
Zonal Horticultural Research Station, Babbur Farm, Hiriyur – 577 598

AbstractAlthough water is a renewable resource, its availability in appropriate quality &quantity is under severe stress due to increasing demand from various sectors.Agriculture is the largest user of water which consume more than 80% of the country’sexploitable water resources. The conventional method of irrigation for particularlyHorticulture & vegetable crops highly inefficient has led not only to wastage of waterbut also to several ecological problems. It has been recognized that use of surface aswell as ground water resources. Drip irrigation is the latest economical cheapestmethod of water management in Muskmelon. It is the most suited for vegetable crops,like Musk melon and find applicability in area where ground water is scare & helps inoptimization of limited water resources. Through Drip irrigation system advantagesare in terms of saving of water (40-60%) of that required for flow irrigation, effectiveuse of fertilizer, less labour energy cost and also enhance the quality of produce.Keeping this, in view, most of the farmers in the villages were having an area of 1-2Drip irrigation system provided with help of Department of Horticulture under microirrigation project. On the basis of 2 years results in the farmer field revealed thatproduction increased yield upto 30% in Muskmelon as compared to traditionalirrigation system and also water saving through Drip irrigation is 40% in Musk melonwere observed. By using Drip irrigation system nutrient use efficiency can also beincreased up to 60-70% as compared to 35-45% in conventional irrigation system.Seeing the significant impact of Drip irrigation technology. Other Musk melon growershave been adopted Drip irrigation in Chitradurga district.
Growth and Yield of cucumber (Cucumis sativus. L) as

influenced by varying levels of nitrogen, phosphorus and
potassium under Southern dry region of Karnataka

P. Umamaheswarappa, K. Krishnappa and M.Pitchaimuthu
Division of Horticulture, University of Agricultural Sciences, Bangalore-560 065

AbstractCucumber (Cucumis sativus. L) being is one of the most important commercialCucurbitaceous vegetable crop is grown in around the year in all the seasons inIndia. It is becoming popular in most of the states to raise two or three crops in a year.It is mainly grown for its fruits both in tropics and subtropics of the world. It is one of



163the quickest maturing vine vegetable crop. It is known that primary nutrients areessential for increasing crop yields. The nutrients requirement of crop depends oncultivar, soil fertility, soil conditions and also agro climatic conditions. However,there is little information available on nutrient requirement of this crop. Therefore,this study was undertaken to study the effect of varying levels of nitrogen, phosphorusand potassium on growth and yield of cucumber Cv. Poinsette in southern dry regionof Karnataka at Horticultural Research Station, Gandhi Krishi Vigyan Kendra,Bangalore in plot size of 5x5 m at a spacing of 2.5 x 0.8 m during kharif season and theexperiment laid out in a factorial randomised complete block design with threereplications and consisted of three levels each of nitrogen(0,60 and120 kg/ha),phosphorus(0,50 and 100 kg/ha) and potassium(0,40 and 80 kg/ha). Observationswere recorded for vine length(cm), Number of leaves, Number of branches per vine(cm), vine girth at collar region(cm), length of fruit(cm), girth of fruit(cm), weightof fruit(g) and fruit yield(t/ha). Different levels of NPK differed significantly for thecharacters studies. Among the different NPK levels tested the application of 120:50:40kg NPK/ha recorded the highest fruit yield of 13.17(t/ha) and the lowest yield of 8.56t/ha was recorded in the control. Among the different levels of NPK tested 120:50:40kg NPK/ha had high fruit yield.
Growing cucurbitaceous crops under low cost

poly house in North east India
S. D. Warade, A. K. Pandey, R. K. Dubey,V. Singh,V. B. S. Chavan

College of Horticulture and Forestry, Pasighat 791 102

AbstractThe North Eastern Hill (NEH) region comprising of eight states namely ArunachalPradesh, Assam, Meghalaya, Manipur, Mizoram, Nagaland, Tripura and Sikkim. Inthe whole of NEH region, about 65% area is in the hills and only 35 % area is underplains. The climate is warm tropical to temperate. The NEH region comprises of highrainfall to rain shadow area receiving very less rainfall. There are vegetables, whichcannot be grown due to high rainfall from April to October. From October to February(winter season), the temperature is low.  During  this  period,  vegetables  can  begrown  successfully  by  protecting  them  from  heavy rainfall and low temperature.Production of vegetables under protected conditions involves protection ofproduction  stages  of  vegetables  mainly  from  adverse  environmental  conditionssuch  as temperature,  high  rainfall,  hail  storms,  scorching  sun  etc. The greenhousesare constructed essentially as rain shelters to permit off-season vegetable production.Efforts have been made at College of Horticulture and Forestry, CAU, Pasighat(Arunachal Pradesh) to grow the vegetable crops like cucumber, bottle gourd, bittergourd during the off season.  Protected conditions for vegetable production wascreated locally by using structure of locally available bamboos’ and covered with UV



164 stabilized plastic film. The performance of the crop was good. There was anappreciable vegetative growth of the plants. The yield per sq m was for cucumber 2.1kg, bottle gourd 3.5 kg, bitter gourd 2.8 kg. The results indicated that protectedcultivation can be adopted practically to boost the yield and availability of vegetablecrops in most part of the year. The adoption of the technology will be the boon forthe farmers in boosting the vegetable production for supply of vegetables to the peopleof the region ensuring health security.
Evaluation of Parthenocarpic  Vs Monoecious cultivars of Cucumber
(Cucumis sativusL.) in Polyhouse under Tarai Condition of Uttarakhand

Monisha Rawat, S. K. Maurya, Lalit Bhatt, J. P. Singh and P. K. Singh
G.B. Pant University of Agriculture and Technology Pantnagar-263 145, Uttarakhand

AbstractCucumber (Cucumis sativus L., 2n=2x=14), an economically important member ofthe gourd family, Cucurbitaceae. A number of varieties/hybrids have been recentlydeveloped in the country in this crop but little effort has been made so far to evaluatethem for their suitability of growing under green house conditions. In this context,present study was planned with the objectives to evaluate promising parthenocarpicand monoecious cultivars of cucumber in a naturally ventilated polyhouse for flowering,maturity, plant architecture, yield and yield attributes during the rabi as well as summerseason. The experiment involving 10 genotypes includes five parthenocarpic varietiesnamely Hilton, Kian, Isatis, PPC-2 and PPC-3 and five monoecious F1 hybrids namelyMalini, Kamini, Sheetal, Alamgir CT-180 and NS-404, collected from different sources.The experiment was conducted during the rabi season of 2012-13 and summer seasonof 2013 at the Precision Farming Development Centre (PFDC) of the G.B. Pant Universityof Agriculture and Technology, Pantnagar, U.S. Nagar, Uttarakhand. The experimentwas laid out in a Randomized Block Design (RBD) using four replications. Each genotypehad one row, 3 m long with a plant spacing of 60 × 60cm. Appreciable performanceswere recorded for twelve horticultural traits. The ten genotypes had a wide range ofvariation for most of the characters under investigation. For fruit yield per hectare inrabi season, the  Parthenocarpic hybrids  Kian (200.15 q), Isatis (188.78 q), and Hilton(144.30 q) were the top performers and superior over the check variety PPC-3 (122.22q), however, Sheetal was the least yielder genotype with 82.13 q/ha fruit yield and insummer season, the genotypes Malini (590.76 q), Hilton (572.80 q), and NS-404 (523.77q) were the top performers and superior than the check variety PPC-3 (449.02 q)However, Sheetal was the least yielder genotype with 318.19 q/ha fruit yield.The highfruit yield recorded in the genotypes has been directly attributed to increased numberof fruits per plant. Therefore, it is recommended that such genotypes can be grown forcommercial cultivation in the farmer’s field under protected cultivation under Taraicondition of Uttarakhand.



165Growth and yield of cucumber as influenced by
different sowing dates  under polyhouse as off season crop

Ms. Sapna Boruah and Dr. Deepa Borbora Phookan
Horticulture Department, Assam Agricultural University, Assam

AbstractCucumber experiments under polyhouse were conducted during 2012-13 and2013-14 in the Experimental Farm of the Horticulture department of AssamAgricultural University under Naturally Ventilated polyhouse. The study was carriedout in Randomized Block Design with five replications. Seeds of cucumber cultivarAlisha F-1 was sown in four sowing dates at monthly intervals from middle of Octoberto middle of January. Umbrella system of pruning was adopted. Seeds are sown at adistance of 60 cm between rows and 30 cm between plants. Different growth andyield attributing parameters were determined. Among the four different dated ofplanting the highest number of 19.43 fruits per plant was recorded in January sowncrops which was significantly highest than the other dates of sowing. The highestyield of 4.28 kg per plant was recorded from two years pooled data in January sowingcrop. Though there was no significant difference in the female to male ratio. Howevertwo years pooled data showed that the highest fruit setting percentage of 43.38 wasrecorded in January sowing crops. As an off season crop cucumber can be grown inall the four sowing dated however, January sowing date gives the best performance.
Potential of minor cucurbits for enhanced

income for livelihood support for small and
marginal farmers of Odisha

L.K. Bharathi, A.B. Mishra and P. Srinivas
Central Horticultural Experiment Station (IIHR)

Aiginia, Bhubaneswar -751019, Odisha

AbstractUnderutilized cucurbits have been promoted for commercial cultivation indifferent parts Odisha. The improved varieties of cucurbitaceous crops like teaselgourd, spine gourd, pointed gourd and ivy gourd developed at CHES, Bhubaneswarwere provided to the beneficiary farmers to study their potential adoption,commercial viability and sustainability. More than 100 farmers are provided withquality planting material and technical knowhow on cultivation aspects in threedistricts of Odisha. Village wise training programmes have been conducted fortechnology dissemination for the scientific production and protection of under-



166 utilized crops. Further, skill based strengthening of existing SHGs for commercialproduction of planting material was also provided. The results indicated that thesevegetable crops being very popular in the eastern region of India for their culinaryvalue, there was almost no hindrance in adoption of the technology of scientificcultivation of cucurbits. The maximum survivability was observed in the teasel gourd.However, being the new crop in the area and due to the requirement of artificialpollination, some of the farmers failed to get fruits in teasel gourd crop. Neverthelessthe farmers gained the pollination skills in the subsequent on campus and off campustrainings. It is observed that being the vegetatively propagated long duration cropthere was more potential of self-sustainability of the technology. The commercialviability of these crops was established. Households with 250m2 area under ofcultivable irrigated land, with investment cost of Rs. 1000.00 for manures and otherinputs for could easily earn up to Rs. 5000 per crop. Some self help groups have beenable to harvest the tubers from previous seasons and produce seedlings on commercialbasis while promoting the crop in the nearby areas. It is concluded that the underutilisedcucurbits hold immense potential for expansion in Odisha especially in far reachingrural and tribal areas, owing to their higher per unit production with lesserrequirement of inputs.
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SESSION IV

GENETIC RESOURCES IN CUCURBITS: DIVERSITY,
CONSERVATION AND UTILIZATION



168 Production of quality planting material in vegetatively
propagated cucurbits: Key issues and Way forward

A.K. Singh, Bikash Das and P. Bhavana
ICAR-RCER Research Centre, Plandu, Ranchi-10, Jharkhand, India

AbstractDioecious cucurbits like pointed gourd, ivy gourd, spine gourd are vegetativelypropagated because of poor seed germination and inability to determinate thesex of plants before flowering. Vine cuttings, root suckers and tuberous roots areusually used for their propagation. Pointed gourd commonly known as parwal is anewly introduced crop in Jharkhand and is highly potential crop for the farmers dueto demand within the state as well as from neighboring states. Research on this cropwas initiated in ICAR RCER Research Centre, Ranchi to provide improved varietieshaving desirable qualities for table and sweet preparations. Clonal selection resultedin the release of three varieties viz. Swarna Rekha (green, striped, 15-20t/ha)(CVRC),Swarna Alaukik (Light green, 15-20t/ha)(CVRC) and Swarna Suruchi (lighrt green,25-30t/ha)(CVRC) suitable for cultivation in Jharkhand, Bihar, Orissa, West Bengaland Eastern U.P. They are high yielding and highly appreciated by the farmingcommunity. Increase in demand for quality planting material emphasized researchon mass multiplication programme of these varieties to cater to the needs of thefarmers of eastern plateau and hill region.  This resulted in standardization of themethod of double node cutting. Experiment conducted at the Centre showed that thismethod is highly efficient than the traditional method of coiled vine with 7-8 nodes,which requires more planting material and less success rate. Roots are used by thefarmers of Orissa but multiplication rate is very low.In this method, double node cuttings are planted with one node inside the soiland the other node outside during 15th Aug- 15th Sep. Care should be taken to collectthe explants from runner vines than the climbing vines as runner vines result in100% success. They can be planted on a soil bed or in polyethene bags. Polybag isfilled with soil containing organic manure (40-50%), SSP (2kg/100kg soil) and Lime(5kg/ha). IBA 500ppm is used as rooting enhancer. Leaves emerge within 15 daysand cuttings are ready for planting within one month. This method has shown a highsuccess rate. This technique is simple, inexpensive and can be easily followed by thefarmers. Also large number of planting material can be obtained with less explants.Nearly 25,000 cuttings are produced every year by the Centre.Research was also intiated on in vitro multiplication of pointed gourd.Inoculation of explants in MS media containing BA 1.0 ppm + IAA 0.2ppm foremergence of vigorous shoots and reculturing of emerged shoots in MS mediacontaining IAA 0.2 ppm + IBA 1.5ppm was most effective treatment for invitromultiplication of pointed gourd.



169Scope of micro-propagation for faster spread
of planting material for commercial cultivation

Dr. Subhash N.
Professor & Head, Plant Tissue Culture, Dept. of Agricultural Biotechnology, Anand

Agricultural University, Anand 300 110, Gujarat

AbstractCucurbits have the greatest potential to boost overall production and enhancenutritional security as many of the crops of this family still remain underutilizedmainly due to unavailability of superior planting material. Most of the cucurbits arebeing propagated through seed, vine cutting and underground root/stem. Due tohighly cross pollinated in nature and dioeciousness in some of the cucurbits,maintenance of genetic uniformity as well as sex ratio is one of the major drawbackswith seed propagation. Propagation through vine cuttings and root suckers is labourintensive and also requires bulk quantity of vines/roots, which restricts theirmultiplication at commercial level. In order to overcome these problems, tissue culturetechniques play very important role in production of large number of disease freeplants from desirable/selected superior genotypes/clones. In vitro propagation /micropropagation using shoot tip culture in pointed gourd, spine gourd, cucumberand watermelon has been successfully achieved to multiply selected clones in shortperiod. Tissue culture raised plants of dioecious cucurbits like pointed gourd andspine gourd showed very good field establishment, cent per cent uniformity in sexexpression along with higher production of fruits for longer duration and years ascompared to conventionally raised plants (through cuttings).  Meristem culturefollowed by Micropropagation holds inevitable in cases wherein Cucumis virus - Iand III is common in crops like bitter gourd, bottle gourd, cucumber, watermelon andother cucurbits hosts.



170 Production of planting material from stem
cuttings of some dioecious Cucurbits

T. Maharana, K.C. Sahoo & Kaberi Maharana
Orissa University of Agriculture & Technology, Bhubaneswar-751003

Abstract

Among the four dioecious Cucurbits namely, Momordica dioica, Momordica
subangulata sub sp. renigera, Melothria heterophylla and Trichosanthes dioica,

all can produce roots from stem cuttings. But rooting is poor in Melothria heterophylla.
Within seventy days, M. dioica can produce nearly twenty gram weight tuberous root,
whereas fifteen gram tuberous root can be produced in M. subangulata subsp. renigera.
The storage loss of tuberous root is less in M. dioica and therefore production of planting
material from stem cuttings of M. dioica can be easily done. M. subangulata subsp.
renigera as such can be propagated through stem cuttings without going for tuber
production. However, tuber production can be made. Details study should be made for
Melothria heterophylla. Terminal one node cuttings with IBA 25 ppm to 100 ppm
treatment can give rise better rooting in Trichosanthes dioica. Within seventy days
rooted cuttings of T. dioica can produce up to sixteen grams of tuberous root. The present
study can be used as a tool for propagation of high yielding elite dioecious cucurbits. This
will also help for maintenance of desired sex ratio in the cultivators field.

Effect of seed invigouration on seed quality in
fresh and aged cucumber seeds

Pratima Pandey1 and K. Bhanuprakash2

1Nepal Agricultural Research Council, Nepal, 2Indian Institute of Horticulture
Research (IIHR), Bangalore

Abstract

Cucumber (Cucumis sativus L.) is one of the most important vegetables grown in the
world and the ever growing demand to this vegetable throughout the year exert

challenge for continuous production even during off season. However, its production and
productivity is largely influenced by quality of seeds, type of soil, climate exposed, agronomic
practices followed etc. Cucumber seeds loose viability during storage and more quickly
under high humid and high temperature conditions. Seed invigouration is one of the
techniques commonly followed to obtain better crop stand particularly if the initial seed
quality is poor and climate or soil conditions are not favorable. In the present investigation,
in order to find out a suitable chemical and its concentration for optimum seed priming,
cucumber seeds (both fresh and aged) were soaked in various chemicals (KH2PO40.1M,
KH2PO40.001M, K2HPO40.1M, K2HPO40.001M, Water, KNO3 0.5%, KNO31%,
GA3500PPM, GA31000PPM, CaCl20.1M, CaCl20.001M, Oxalic Acid0.1M, Oxalic Acid



1710.001M, Salicylic Acid 0.1%, Salicylic Acid 0.5%) at two different concentration for 48
hours at ambient condition. Fresh seed lot (90%) was subjected to accelerated ageing
(AA) as per ISTA (450C + 100% RH) for 5 days to obtain less viable (aged) seed lot
(50%). Besides, reduction in the germination (40 %), AA also reduced seedling vigour
index by 46.3% and increased days to T50 by three days. Further 12.5% higher abnormal
seedlings were noticed in AA seeds compared to unaged. However, seed priming of less
viable (aged) seeds with KH2PO4 0.1M, salicylic acid 0.5%, KH2PO4 0.001M, GA3 500
ppm restored all the quality parameters that contribute vigour. Seed priming with
KH2PO40.1M increased germination, vigour index and decreased days to T50, abnormal
seedlings by 12.5%, 50.9% and 1.0, 15%, respectively. Similar significant results were
also noticed due to seed priming with salicylic acid 0.5%, KH2PO40.001M and GA3 500
ppm. Marked increase even in fresh seeds vigour due to seed priming was also noticed in
the present investigation. Thus, it is concluded that priming of cucumber seeds with KH2PO4
0.1M for 48 hours at ambient condition improves seed quality parameters that contribute
to vigour for better crop stand establishment.

Tissue culture propagation of spine gourd (Momordica dioica Roxb.) –
An underutilized vegetable with high nutritional and medicinal value

B. Rekha
Department of Horticulture, University of Agricultural Sciences, Dharwad

Abstract

Momordica dioica Roxb. belongs to the family Cucurbitaceae commonly called as Spine
gourd. Spine gourd is consumed by tribal groups living around the natural forest areas.
Spine gourd is a perennial dioecious climber, fruits are having high nutritional value, used
against diarrhea, diabetes, asthama etc. seeds have dormancy due to hard seed coat and
this can be broken through tissue culture method. Tissue culture studies in spine gourd
was conducted at Department of Horticulture, University of Agricultural sciences,
Dharwad. Hence the study was undertaken to standardize the explants for rapid
multiplication with shoot tip, auxillary buds, tubers, leaf and seed. To study the effect of
growth growth regulators on shoot growth from auxillary buds using various cytokinins
such as BAP, Kinetin, and NAA. Seeds were separated from the fruit, seed coats were
separated and washed with HgCl2 0.1 per cent for 15 minutes and then seeds were
placed on Murashige and Skoog (MS) medium with 3 mg/ l BAP (6- benzyl aminopurine).
After 15 days the seeds were germinated. The regeneration of plants in spine gourd was
achieved by culturing auxillary bud explants on MS medium with different levels of
cytokinins such as BAP, NAA and kinetin. Maximum number of shoots were obtained on
MS medium with 3mg per litre BAP + 0.1 mg per litre NAA. Maximum number of shoots
were produced on MS medium containing 1 mg/l BAP. Similarly maximum number of
shoots were rooted in MS medium with 1 mg/l of IBA. The shoots were rooted in auxin
medium containing 1 mg per litre IBA. Peat medium was found to be better for the
growth of plantlets. The plantlets were successfully hardened and transferred to field.
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BIOTIC STRESS : CURRENT SCENARIO AND
MANAGEMENT STRATEGY
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175Fruit fly management in gherkins
C.A.Viraktamath

Department of Entomology, University of Agricultural sciences,
GKVK, Bangalore 560065

AbstractGherkin is a cent per cent export oriented crop grown in Karnataka, Tamil Naduand Andhra Pradesh. The export earnings during 2013 from this crop were rupees800 crores.One of the major problems in growing this crop is infestation by melon fly,
Bactrocera cucurbitae and pumpkin fly, Dacus ciliatus. The former is wide spreadand found in gherkin growing areas whereas the latter is more restrictedgeographically and dominates during certain seasons only.The economic threshold level of these pests is near zero, a challenge difficult toachieve. Normal measures recommended by various institutions can bring downincidence of the pest only to about 5% which is not acceptable by the gherkin industryand importing countries. The males of melon fly are attracted to cue-lure where asthose of pumpkin flies are not attracted to any of the available lures. At present we donot have any effective female attractants other than protein hydrolysate which is notbeing produced in India. Therefore, studies on the behaviour of both sexes of the flywere made to develop strategies for its management.This involved growing of trap crop as along the border of the crop (mainlymaize), setting up of cue-lure pheromone traps, protein bait spray laced withpermitted insecticides by the importing countries and good sanitation. In addition,wide area management was also tried to minimise the incidence of this pest to below0.5%. One of the most important aspect was development of female attractant whichcould further reduce the incidence of fruit fly as much as in Wide area managementarea. These tactics will be discussed and it will be emphasized that involvement allstake holders and growers is necessary to bring down the menace of fruit flies notonly in cucurbits but also in other horticultural crops.



176 Single line trellis-An alternative strategy for
pest management in smaller cucurbit

H. S Singh
Central Horticultural Experiment Station, (Indian Institute of Horticultural

Research) P.O. Aiginia, Bhubaneswar-751 019, Orissa

AbstractCucurbits are important commercial crops in many parts of the country. Thesecrops suffer heavily due to the attack of various pests and diseases. Cultivatingthe cucurbits on bower (pandal) is a common practice for growing smaller cucurbits.This practice has its inherent limitations as sunlight penetration in the interiors ofthe pandal is very poor, incidence of diseases and pests is more and drudgery in allinter-cultural operations is severe. Alternatively, single line trellis system as againstdouble line trellis and bower system was designed and evaluated for smaller cucurbitswith farmers’ participation. The experiment was conducted for two consecutiveyears and bitter gourd was used as test crop.Observations revealed that unit fruit weight of bitter gourd remained samebut fruit number and yield were influenced significantly due to different trellissystems. Significantly higher fruit yield was recorded in single line followed by doubleline and lowest in covered bower system.  Fruit loss in terms of number and weightdue to fruit borer and fruit fly were significantly higher in bower system followed bydouble line and lowest in single line trellis system. Likewise the intensity of fruitborer larvae and downy mildew infection were significantly higher in bower followedby double line and lowest in single line trellis system. In farmers view also, the incidenceof downy mildew was less and the process of onset of leaf ageing from the base ofplant was delayed in single line. Results revealed that pesticides efficacy was increasedin single line trellis.  Due to ease in manual irrigation, fertilizer application, pesticideapplication, pest monitoring and weeding, the drudgery was reduced and efficiencyincreased in single line trellis system. Greater benefit was realized in terms of pesticideapplication as the target area could be fully accessed with least body exposure of theworker to pesticide drift. Observations clearly indicated that the incidence of pestwas reduced by default in single line trellis system when compared to farmers practice.Cost of trellis in single line system was also less as against the farmers’ practice ofcovered bower trellis.  Later on the single line system was uptaken by the Stategovernment in its State plan, on which the Department of Horticulture has spentRs.1.63 crore in 11 districts of Odisha.



177Major Fungal Diseases in Cucurbits in Eastern
Region and their Management Strategies

Ritesh Kumar, Sudarshan Maurya, A K Singh and S.Kumar
ICAR Research Complex for Eastern Region, Research Centre, Plandu, Ranchi

AbstractCucurbit vegetables are widely cultivated, and share 5 to 6 % of the total vegetableproduction in Eastern Region (ER). In last two decades, the productivity ofcucurbits in ER has increased due to introduction of fertilizer responsive high yieldinghybrids/cultivars and non-conventional crops such as pointed gourd, water melon,musk melon, and long melon. The test entries of AICRP (VC) received under multilocation trials in bottle gourd, sponge gourd, ridge gourd, and cucumber revealed thatthe fungal diseases such as damping off of seedlings, downy mildew and anthracnosein rainy season; and Fusarial wilt, powdery mildew and Alternaria leaf spot in summerseason are the major diseases of cucurbits in ER. In severity, downy mildew causedgreatest damage followed by Fusarial wilt, anthracnose, powdery mildew, dampingoff, and Alternaria leaf spot. The wilt disease of bottle gourd where none of the testedand commercial entries possesses effective resistance and fungicides likecarbendazim, and thiophenate methyl do not work satisfactorily, poses highest threatin summer cultivation. Proper diagnosis and selection of appropriate fungicides aremajor constraints at the farmer’s fields in successful management of the diseases.Cultural practices leading to the conditions that when it minimises leaf wetness to lessthan 6 hours at temperature  favourable for diseases development such as growingcucurbits on support of trellis during not-so-intense rain, use of plastic mulching,grow in low poly tunnel  are proving beneficial in management of fungal diseasesinfecting foliage. Raising disease free seedlings in pro-tray nurseries and graftingcucurbits on resistant rootstock such as the bottle gourd on ash gourd have shownways for effective management of soil borne fusarial wilt disease at ICAR RCER,Research Centre, Ranchi. Use of microbial consortia for management of soil borneinoculum is in advance developmental stageDuring the seminar it is proposed to elaborate on above scientific issues fromdata of AICRP (VC) and our concluded project on Epidemiology and Forewarning
system of Downy Mildew Disease of Cucurbits to develop appropriate IPM strategy.



178 Bacterial diseases of cucurbitaceous crops
- A status report

Dinesh Singh
Division of Plant Pathology, Indian Agricultural Research Institute, New Delhi

AbstractCucurbitaceous crops are a member of family cucurbitaceae, which form an importantgroup of vegetable crops in different parts of the world. The family cucurbitaceaecontains at least 9 genera and of them 16 species are cultivated as vegetables. In India,cucurbits like ash gourd, bitter gourd, bottle gourd, cucumber, sponge gourd, longmelon, or snake cucumber, kundru, muskmelon, pointed gourd, pumpkin, ridge gourd,snake gourd, squash, round gourd and watermelon are cultivated round the year inone or the other region of the country. Cucurbits are consumed in various forms i.e.,salad (cucumber, gherkins, long melon), sweet (ash gourd, pointed gourd), pickles(gherkins), deserts (melons) and culinary purpose. Some of them e.g. bitter gourd)are well known for their unique medicinal properties. In recent years, abortifacientproteins with ribosome-inhibiting properties have been isolated from severalcucurbit species, which include momordicin (from Momordica charantia),trichosanthin (from Trichosanthes kirilowii), and beta-trichosanthin (from
Trichosanthes cucumeroides). In India, a number of major and minor cucurbits shareabout 5.6 % of the total vegetable production. According to FAO estimate, cucurbitsare cultivated on about 4,290,000 ha with the productivity of 10.52 t/ha. An estimate,India will need to produce 215,000 t of vegetables by 2015 to provide food andnutritional security at individual level and, being a large group of vegetable; cucurbitsprovide better scope to enhance overall productivity and production.To increase the production of cucurbits a major constrains is biotic stressesparticularly diseases during  cultivation and after harvest and among various diseasescaused by fungi, bacterial and viral diseases, bacteria diseases like bacterial wilt(Erwinia tracheiphila (Smith) Bergey et al.), angular leaf spot (Pseudomonas syringaepv. lachrymans (Smith and Bryan) Young et al.), bacterial leaf spot (Xanthomonas
cucurbitae (ex Bryan) Vauterin et al.), bacterial blotch (Acidovorax avenae subsp.
citrulli), and bacterial soft rot (Erwinia carotovora subsp. carotovora) cause sometimesheavy losses under ideal disease development conditions. Besides these diseases, thereare some minor diseases reported on a particular crops of cucurbits and country likebacterial leaf spot on summer squash and melon (Pseudomonas syringae pv. syringae)from USA, bacterial wilt of cucumber (P. marginalis pv. marginalis)  from Iran andbacterial wilt of bitter gourd and ridge guard (Ralstonia solanacearum race 1, biovar3) from India.   These diseases are diagnosed based on the symptoms in the field andalso their related pathogens.  Bacterial wilt caused by E. tracheiphila transmitted by



179insect vectors, primarily the striped cucumber beetle (Acalymma
vittatum (Fabricius)) and the spotted cucumber beetle (Diabrotica undecimpunctata
howardi Barber) and other insects that cause wounds, such as grasshoppers, mayalso transmit the bacteria. Angular leaf spot, leaf spot and fruit blotch diseases areseed borne in nature and also survive on infected plant debris in the soil.These causal bacteria are well characterized using classical methods like colonycharacters, morphological, biochemical, physiological and pathogenicity test. All thesebacteria are gram negative and rod shaped. For detection and diagnosis of bacterialpathogens, some advanced techniques such as serological DNA based (PCR, RFLP &RTPCR) are used in some cases. Immunohistochemistry (ELISA) has been used fordetecting E. tracheiphila within its vector and suggested a long-term extracellularendosymbiotic association of E. tracheiphila with the alimentary canal of A. vittatum.
Pseudomonas syringae pv. lachrymans was identified by  using  rep-PCR and comparedto isolates from field and commercial varieties of cucumber. For characterization of
Xanthomonas cucurbitae, used advanced techniques such as amplified fragmentlength polymorphism and MultiLocus Sequence Analysis (MLST) for identifying thestrains at the species level. Confirmation of the species primers RST2 (52 AGGCCCTGGAAGGTGCCCT GGA32 ) and RST3 (52 ATCGCACTGCG TACCGCGCGCGA32 ) in aconventional PCR assay are used to amplify at 1,500-bp. For detection of A. avenaesubsp. citrulli bacteria from seeds, a combination of immunological and PCRtechniques (immuno absorb-PCR) is used to detect 1 x 10 cfu/ml. Its sensitivity is100 times higher than that of conventional PCR and detection period is only 4 h. TheBX-S primers facilitated the detection of the pathogen from washings of 5000-seedsamples with 0.02% infestation. This primer set is also assessed for detection usingimmunomagnetic separation polymerase chain reaction (IMS-PCR) with detectionlevel 0.02% infestation in seed samples.The most of the bacteria survives in infected plant debris. The bacteria canspread through rain splashes and irrigation water and beetles particularly in bacterialwilt. Moisture is the most important factor governing disease development and itsseverity. Optimum temperature for the development of the disease is 25 to 30oC.Bacterial wilt can be managed to a large extent by controlling vector cucumberbeetles by using systemic insecticide in cucumber and melon crops in disease proneareas. Plant growth-promoting rhizobacteria (PGPR) strains INR7 (Bacillus pumilus),GB03 (B. subtilis), and ME1 (Curtobacterium flaccumfaciens) are tested singly and incombinations for biological control against multiple cucumber pathogen includingbacterial wilt. The three-way mixture of PGPR strains (INR7 plus ME1 plus GB03) asa seed treatment showed at par to the synthetic elicitor actigard in intensive plantgrowth promotion and disease reduction.For managing angular leaf pot, crop rotation with non-cucurbitaceous cropsand field sanitations are essential to eliminate inoculums of the pathogen. Diseasefree seed may be produced in the dry areas to help in reducing the disease. Seed



180 borne infection can be partially reduced by soaking in antibiotics and inorganic salts.field spray on the crop either with streptomycin sulphate (100 ppm), copperfungicides, ridomil and trimiltox forte (copper oxychloride + mancozeb) are foundthe most effective in decreasing disease incidence and severity of the disease.  Theapplication of abiotic agents (Bion (acibenzolar-S-methyl), jasmonic acid, salicyclicacid or ethephon as foliar treatment on cucumber is found more effective than asseed treatment to decrease the disease severity. In biocontrol, two strains of plant-growth promoting rhizobacteria Pseudomonas putida 89B-27 and Serratia
marcescens 90-166 induce systemic resistance (ISR) in cucumber against the disease.Three Bacillus strains, B. subtilis UMAF6614 and UMAF6639 and B.
cereus UMAF8564, and two P. fluorescens strains, UMAF6031 and UMAF6033 areapplied to melon seedlings and they promoted plant growth, increasing fresh weightand provided protection against this disease by reducing disease incidence. However,the interaction between biotic (P. fluorescens or P. putida isolates) as soil treatmentand abiotic agents (salicyclic acid or ethephon) as foliar treatment greatly decreasedthe severity of the disease.  The three oils such as thyme oil, fennel and carnation oilssignificantly controlled the disease incidenceNaturally infested seeds of pumpkin with Xanthomonas cucurbitae weretreated in aqueous solutions of chemicals copper plus mancozeb (0.36 g+0.27 g/100ml of water), 1% peroxyacetic acid, and 1% sodium hypochlorite for 15 min wereeffective in eliminating the pathogen on seed.To control bacterial fruit blotch, currently, no chemical or physical seedtreatments are 100% effective at eradicating A. avenae subsp. citrulli. While seedtreatments including thermotherapy, NaOCl, fermentation, HCl and peroxyacetic acidsignificantly reduce the disease seedling transmission. Combining ionized copper orperoxyacetic acid in the irrigation water with a weekly foliar application ofacibenzolar-S-methyl is most effective in reducing spread.  To avoid introducing A.
avenae subsp. citrulli into transplant houses, only tested, pathogen-free seed areplanted. A nonpathogenic A. citrulli strain uses as seed treatment for controlling thedisease. Naturally infested watermelon seed treated with A. citrulli, AAC00-1DeltahrcC reduces bacterial fruit blotch seedling transmission.The main goal of research on cucurbitaceous crops in India is to improveproductivity.  Proper diagnosis of the bacterial diseases in cucurbits by using advancedtechniques is required. There is no bacterial resistant varieties are available, hence, itis required to include in breeding program along with other biotic stresses and qualityattributes. The value-added breeding approach will add to increase the availability ofvegetable by minimizing the post-harvest losses. Considering growing concerns aboutresidue-free vegetables and export of fresh/canned vegetables, it has becomeimperative to shift to IPM-based practices.



181Pesticide Residues in Cucurbitaceous
Vegetables - Status and Management

Debi Sharma
Pesticide Residue Laboratory, Indian Institute of Horticultural Research,

Hessaraghatta Lake P.O., Bangalore-560089

AbstractCucurbitaceous vegetable crops are regarded as minor vegetable crops in terms ofarea under production and have been traditionally popular summer vegetablesgrown throughout India. These vegetables were earlier not sprayed with pesticidesas these are generally low value crops. However with increasing demand for allvegetables including cucurbitaceous vegetables and increase in peri-urban horticulture,increasing amount of pesticides are being used on these crops.  In India, 241 pesticidesand 41 combination products are registered as on date for use in agriculture. Theaverage pesticide consumption in India is around 381g a.i./ha as compared to worldaverage of 500g a.i./ha. 14 per cent of pesticides used in the country are applied onvegetables, maximum use is in chilli (5.13%) followed by brinjal (4.6%). Although itis difficult to estimate the amount of pesticides used in cucurbitaceous vegetables,the common pests of these crops and the pesticides used for their control are wellknown.A pesticide is registered in India by the Central Insecticide Board for use in acrop or several crops for which it is said to have a label claim. Till date, very fewpesticides have the label claim for use in cucurbitaceous vegetables. Of these,Imidacloprid 70% WG is registered for control of aphids and jassids in cucumber.Trichlorfon 5% granule, 5% dust and 50% EC and Dichlorvos 76% EC have the labelclaim for use in control of red pumpkin beetle in cucurbits. Among fungicides, Benomyl50% WP, Carbendazim 50% WP, Thiophanate 70% WP and Zineb can legally be usedfor disease management in cucurbits. Thus, a vast majority of pesticides which maybe recommended for use in cucurbitaceous vegetables for control of pests may not beused on them legally.One way to reduce harmful pesticide residues in crops is to follow prescribedwaiting period. Waiting period, also called pre harvest interval, is the time requiredbetween the last application of a pesticide and the first picking of the crop for its safeconsumption. However, very few studies have been conducted to recommend waitingperiod for harvest of safe produce on these crops. Some of the waiting periodrecommendations on cucumber is given in the following table,



182 Table 1: Waiting period of selected pesticides in cucumberS.No. Pesticide Pest Waiting MRL(source)period(days) ppm1. Azoxystrobin Downy mildew 4 1 (EU)Powder mildew3. Carbaryl Cucumber beetle 14 0.01(EU)2. Ethion Mites 7 0.5(EU)4. Imidacloprid Aphids, jassids 3 1(EU)5. Spiromesifen Red spider mites 4 0.3(EU)
Dissipation of lambda cyhalothrin 5 EC was studied in gherkin after two foliarapplications viz.1.5 and 3 ml/L at 7 day’s interval each during flowering – fruitdevelopment stage. Insecticide residues could be detected upto 10 to 13 days after thelast spray. The residues dissipated with half-lives of  2.7 and 3.5 days respectivelyfrom treatment at recommended and double the recommended doses while the waitingperiod recommended to obtain safe produce was 17 to 22 days based on the dissipationpattern of residues and the permissible level prescribed for lambda cyhalothrinresidues in gherkin by EU viz. 0.1 ppm. Similarly metalaxyl and mancozeb residueswhen applied as their combination formulation, were found to persist for 15 daysand the waiting period recommended in bitter gourd was 4 days.In another study carried out at IIHR, residue dissipation of a fungicidedimethomorph 50 WP was evaluated in cucumber grown in polyhouse and the resultwas compared with dimethomorph residues in cucumber grown in open field. Thefungicide was applied tank mixed with metiram 70 WG.  Dimethomorph residues atdeposit  following application at recommended dose, dissipated within 5 days incucumber grown in open field (OF) and within 10 days in poly house (PH), althoughthe initial residue deposit (1.812 ppm) was lower in PH than  in OF (2.064 ppm).Metiram residues required waiting period of 2 days in cucumber from field as well aspolyhouse.It is clear from available literature that very little information on pesticideresidue management in cucurbitaceous vegetables exists. Codex MRLs and Indian(FSSAI) MRLs on these crops do not exist for most pesticides. In order to establishpermissible levels of pesticide residues in cucurbitaceous vegetables, data needs to begenerated on dissipation pattern of pesticide residues in these crops. In view of theincreasing use of pesticides on these crops, more studies on establishing the rate ofdissipation of pesticide residues needs to be carried out. Such studies will also identifyIPM friendly pesticides that can be used on these crops at near harvest stages of cropand also establish waiting periods for harvest of safer produce.
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184 Characterization of begomovirus associated with yellow
mosaic disease of ridge gourd in Southern India

Chandrakant V.Patil, S. V. Ramdas, K. S. Shankarappaand M. S. Kulkarni
Department of Plant Pathology, K.R.C College of Horticulture, Arabhavi-591 218,

University of Horticultural Sciences, Bagalkot, Karnataka

AbstractRidge gourd is an important vegetable crop in Karnataka affected several abioticand biotic factors. Of the different biotic factors yellow mosaic disease isemerging problem. The disease incidence varied from 43 to 100 percent in six districtsof northern Karnataka. The infected plant showed initial chlorosis, mosaic, upwardand downward curling and cupping of leaves, blistering, reduction in leaf size andstunted growth. The disease was transmitted by whitefly Bemisia tabaci. All theinoculated plants produced symptoms at 8-12 days after inoculation. Transmissionefficiency was 100 per cent with five or more whiteflies for each plant. B. tabacirequires minimum of 12 hours of acquisition access period and inoculation accessperiod for 100 % transmission. The host range studies revealed that different cropspecies  like Luffa cylindrica(sponge gourd), Benincasa hispida(ash gourd), Cucurbita
moschata(pumpkin), Cucurbita pepo (summer squash), Cyamopsis
tetragonalobus(cluster bean), Nicotiana tabaccum (tobacco), N. benthamiana(tobacco), Datura stromonium (datura) and Cucumis sativus (cucumber) found tobe susceptible to yellow mosaic disease of ridge gourd. Polymerase chain reactionwas employed to amplify fragment of coat protein gene and replicase gene, the partsof DNA-A of begomoviruses. Analysis of the coat protein gene sequence with selectedbegomoviruses sequences revealed that the causal virus shared the highest nucleotidesequence identity of 94.03 per cent with ToLCNDV infecting chilli from India.Phylogenetic analysis of coat protein gene showed the begomovirus associated withyellow mosaic disease of ridge gourd is grouped cluster next to the ToLCNDV infectingdifferent crops from India.

Chemical management of powdery mildew of
(Cucumis sativus L.)

M. R.  Dabbas, Shrawan Kumar and D. P. Singh
Vegetable Section, Kalyanpur, C.S. Azad Univ. of Agric. & Tech., Kanpur

AbstractCucumber (Cucumis sativus L.) is an important cucurbitaceous vegetable crop. Itis thought to be one of the oldest vegetable cultivated by man with historicalrecords dating back 5,000 years. The crop is the fourth most important vegetable



185after tomato, cabbage and onion in Asia, however, second most important vegetablecrop after tomato in Western Europe in tropical Africa. Cucumber crop is attackedby various plant diseases, among them Powdery Mildew of cucumber caused by
Erysiphe cichoracearum is an important disease which effect a large area of thecucumber crop. An experiment was laid down at Vegetable Research Farm, Kalyanpur,Kanpur for disease management by chemicals and observations on disease intensityand yield was recorded in consecutive years (2011-12 and 2012-13). It is evidentthat minimum disease intensity (6.85% and 7.35%), maximum edible fruit yield ofcucumber (221.36 and 216.19 q/ha) and maximum C: B ratio (1:2.90) were recordedin treatment  (T5) three foliar sprays of Bayliton (0.2%) at 10-12 days intervals frominitiation of the disease followed by treatment (T1) three foliar sprays of Tridemorph(calexin 0.1%), which gave (10.15 and 8.65%) disease intensity, (204.12 and 209.62q/ha) edible fruit yield and C: B ratio (1:2.45).
Fertilization of Bactrocera cucurbitae eggs initiates
primary defense response in Sechium edule fruit?

P. D. Kamala Jayanthi, Vivek Kempraj, Arthi Kirubha and Ravindra Aurade
Division of Entomology and Nematology, Indian Institute of Horticultural

Research, Hessaraghatta Lake Post, Bangalore – 560 089

AbstractPlants recognize insect oviposition and elicit defenses against the eggs to curtailfuture herbivory. But, how plants recognize oviposition and initiate defenseresponse is a controversial subject. In order to determine the mechanism of ignitionof primary defense response in insect-plant interaction, we used the ovipositionbehavior of Bactrocera cucurbitae on Sechium edule as a model system. Usually, femaleinsects fertilize their eggs as they oviposit and previous studies have shown that anoxidative burst takes place during fertilization of eggs.  This oxidative burst mainlyinvolves production of hydrogen peroxide, H2O2 (ROS) in large quantity fromfertilized eggs. The evolved H2O2 is used by eggs to strengthen their shells and toprevent the lethal condition of polyspermy. However, it seems that this helpfulmechanism is also deleterious to the eggs themselves. In this study, we found thatwhen B. cucurbitae laid eggs into S. edule fruits a large amount of H2O2 is produced (3mM) and in turn instigates production of more H2O2 and Nitric oxide (NO). TheseROS combination kill eggs and first instar larvae. The mRNA expression of crucialenzymes that are involved in H2O2 and NO production are up regulated afterinfestation. It was also observed that eggs did not hatch into larvae and in case theyhatched, could not survive beyond the 2nd instar.



186 Volatiles released from mechanically damaged
cucurbit fruits attract female Bactrocera

cucurbitae
P. D. Kamala Jayanthi, Vivek Kempraj and Ravindra Aurade

Division of Entomology and Nematology, Indian Institute of Horticultural
Research, Hessaraghatta Lake Post, Bangalore – 560 089

AbstractFinding of a suitable oviposition site is crucial to the fitness of female insects becauseit determines the successful development of their offspring. Due to heavy selectionpressure for the safety of their progeny, they must adopt the most reliable volatilecues to override distortions from environmental cues. Here, we found that the melonfly, B. cucurbitae, uses volatiles released from cucurbit fruits upon mechanical damageas oviposition-site recognition cues. Volatiles from bitter gourd and cucumber eithermechanically damaged or undamaged were collected using air-entrainment systems.These volatiles were subjected to olfactometer studies and we observed that thetime spent and entries made by gravid females to the olfactometer arm containingmechanically damaged fruit volatiles were significantly higher than volatiles fromundamaged fruits. Oviposition assays revealed that gravid females preferred to laymost of their eggs onto mechanically damaged fruits than undamaged ones. With thisstudy, we find a proof that volatiles released from mechanically damaged fruits areattractive to gravid B. cucurbitae.
Screening of muskmelon landraces of

Karnataka for downy mildew disease resistance
T. Sudhakara, Shivapriya Manchali and Amruta S. Bhat

College of Horticulture, University of Horticultural Sciences, Bengaluru- 560065, Karnataka

AbstractMuskmelon (Cucumis melo, 2n = 24) is one of the most important botanical typesamong the highly diverse and polymorphic species of Cucurbitaceae familyand it plays a significant role in supplying fresh fruits. Muskmelon landraces are tailoredto different agro-climatic regions of Karnataka and their genetic diversity has notbeen explored much for crop improvement. In our study twenty eight landracescollected from different parts of Karnataka were screened for downy mildew at fieldcondition along with IIHR 651 as a resistant check and Kashi Madhu as a susceptible



187check. Each plant was visually assessed for percent leaf area infected using linear 0to 5 scale and the Percent Disease Index (PDI) was calculated. Out of 28 landraces,four landraces were resistant to downy mildew disease (1-10 PDI), another fourgenotypes were moderately resistant including resistant check IIHR651(11-25 PDI),nine were moderately susceptible including susceptible check Kashi Madhu (26-50PDI) and 13 were susceptible to downy mildew disease. The disease intensity recordedas per cent leaf area infected ranged from 8.41 per cent (COHB-011) to 73.83 percent (COHB-019) with mean disease severity of 43.39 per cent. The resistant linesobserved here could be used for further confirmation of disease resistance and forresistance gene introgresion breeding.
Studies on screening of cucurbitaceous species for

root knot nematode and fusarial wilt resistance

Thangamani, C1, Pugalendhi, L 2

1 Horticultural College & Research Institute, Tamil Nadu Agricultural University,
Coimbatore; 2 Tapioca and Castor Research Station (TNAU), Yethapur

AbstractAn experiment was carried out at the Department of Vegetable Crops, HC&RI,TNAU to screen twelve cucurbitaceous species against root knot nematode(RKN)-Meloidogyne incognita and fusarium  wilt-Fusarium oxysporumf.sp.cucumerinum. Inoculation was done with nematodes (5000 J2/5kg pot) and
Fusarium oxysporum f.sp.cucumerinum (culture grown in sand: maize media) underpot culture conditions. Root knot nematode screening studies in pot culture revealedthat Cucumis metuliferus, Citrullus colocynthis, Cucurbita moschata and Cucumis
callosus were found to be resistance to root knot nematode with a gall index of two(RKI-2), whereas, Cucurbitaficifolia, Cucurbita maxima and Cucumis melo    sub sp.
agrestis were found to be moderately resistant to RKN (RKI-3). Biochemical studiesof cucurbitaceous species against RKN revealed that, Cucumis metuliferus recordedhighest total phenols (16.98 mg g-1) and peroxidase activity (3.83 OD min-1g-1)followed by Citrullus colocynthis (total phenols 16.08 mg g-1 ; peroxidase activity 3.26OD min-1g-1) and Cucurbita moschata(total phenols 15.37 mg g-1; peroxidase activity15.37 mg g-1) respectively. Pot culture studies against fusarium wilt revealed that 30,45and 60 days after inoculation of F. Oxysporum f.sp.cucumerinum, the species
Cucumis metuliferus and Citrullus colocynthis were found to be immune with PDI ofzero per cent up to 60 days. PDI was found to be lesser at 60 DAI in Cucumis
callosus(12.76 %),Cucumis melo sub sp. agrestis(16.76 %),Cucurbita ficifolia(20.14%), Cucurbita moschata (20.52 %) and Cucurbita maxima (29.87 %). Biochemicalstudies of cucurbitaceous species against F. oxysporum f.sp.cucumerinum revealed



188 that, highest total phenols (33.20 mg g-1) and peroxidase activity (3.76 OD min-1g-1)was recorded in Cucumis metuliferus followed by Citrullus colocynthis (total phenols29.50 mg g-1 , peroxidase activity  3.22 OD min-1g-1) and Cucurbita moschata(totalphenols 25.73 mg g-1; peroxidase activity 2.93 OD min-1g-1) respectively. From thepot culture studies it could be concluded that, Cucumis metuliferus, Citrullus
colocynthis,Cucurbita moschata and Cucumis callosus were found to be resistance toroot knot nematode and Cucumis metuliferus and Citrullus colocynthis were immuneto F. oxysporum f.sp.cucumerinum respectively.

Evaluation of ridge gourd genotypes against
Yellow Mosaic disease

S. V. Ramdas, Chandrakant V. Patil, K. S. Shankarappa and M. S. Kulkarni
Department of Plant Pathology, K.R.C College of Horticulture, Arabhavi-591

218, University of Horticultural Sciences, Bagalkot, Karnataka

AbstractRidge gourd is one the important vegetable crops in southern India affected byseveral abiotic and biotic stresses. Of the different biotic stress yellow mosaicdisease is emerging problem.  Begomovirus associated with yellow mosaic disease ofridge gourd. In order to identify resistance source against the yellow mosaic disease,fifty two genotypes (22 varieties and 30 hybrids) were screened under insect proofnet house condition with artificial viruliferous whiteflies (Bemisia tabaci)inoculations. Results of the all inoculated fifty hybrids / varieties showed highlysusceptible and whereas only two varieties (Rekha and Pusa Nasdar) showed asusceptible reaction. Highest infection (100% disease incidence) observed at eightweeks after inoculation of the plants in all hybrids / varieties.
Role of Cucurbits grafting to manage

biotic and a biotic stress
K. Mallikarjunarao, H.N. Mishra, G.S. Sahu,
Rojalin Pradhanand Madusmitha Beshari

Department  of  Vegetable  Science,  OUAT,  Bhubaneswar  -  751 003

AbstractCommercial grafting of vegetable plants originated at the turn of the 20th century,and the primary intent was to manage soil borne pathogens. The earliest reportsfrom Japan included the use of Cucurbita moschata to confer fusarium wilt resistance



189in watermelon production. Grafting as a disease management tactic has rapidlyexpanded to cucurbit fruiting vegetables.The primary motive for grafting cucurbitsis to avoid damage caused by soil borne pests and pathogens when genetic or chemicalapproaches for disease management are not available. In addition, grafting providesadvances to manage a biotic stress, to reduce reliance on chemical and fertilizerinputs, and to enhance fruit quality. The survival rate of grafted plants depends oncompatibility between scion and rootstock, quality and age of seedlings, quality ofthe joined section, and post-grafting management.Successive cropping can increasesalinity, the incidence of cucurbit pests, and soil borne diseases like fusarium wiltcaused by Fusarium spp. These conditions cause various physiological andpathological disorders leading to severe crop loss. Chemical pest control is expensive,not always effective, and can harm the environment. Grafting can overcome manyof these problems. Grafting is an alternative approach to reduce crop damage resultingfrom soil borne pathogens and increase plant biotic and a biotic stress tolerance,which increases crop production.
Effect of grafting on cucumber with cucurbitaceous rootstocks for

fusarium wilt (Fusaium oxysporumf. sp.cucumerinum) and root
knot nematode (Meloidogyne incognita) resistance

Punithaveni, V and P. Jansirani
Horticultural College and Research Institute, Tamil Nadu Agricultural University

AbstractCucumber (Cucumis sativus L.) is an important and commercially popularcucurbitaceous salad vegetable crop which holds a very specific position in thevegetable market. Today it has become the fourth important vegetable in the world,after tomato, cabbage and onion. Now a days, the successful cultivation of the crop ishampered and yield reductions are extremely high due to the serious pest root knotnematode and soil borne diseases. The most important soil borne fungal diseases isfusarium wilt, causing destructive losses in cucumber production. Chemical controlof root knot nematodes and other soil borne diseases in cucumber is becoming moredifficult because of increased cost of plant protection chemicals. Further, thesechemicals are harmful to nearly all-living organisms and create residual action causingenvironmental pollution.An alternative approach for managing this problem in cucumber is very muchneeded. Grafting technology in cucumber with wild/relative species as rootstockresistant or tolerant to such disease and nematode problem is addressed in manycucumber growing countries. Hence, it is right time to standardize the graftingtechnology for cucumber in India also. Grafting of susceptible cultivated cucumber



190 on resistant or tolerant rootstocks is a new approach to find solution for nematodeand disease problem. Hence, a study on identification of suitable rootstock forcultivated cucumber with resistance or tolerance to fusarium wilt and root knotnematode in cucumber was taken up. The main objective of the study is to standardizethe grafting technique, compatible and resistant root stock against fusarium wilt androot knot nematode.The initial screening studies were conducted in completely randomized blockdesign (CRBD) and replicated thrice with seven rootstocks of cucurbits as treatment
viz.,Fig leaf gourd (Cucurbita ficifolia), Pumpkin (Cucurbita moschata), Winter squash(Cucurbita maxima), Bottle gourd (Lagenaria sciceraria), Sponge gourd (Luffa
cylindrica), African horned cucumber (Cucumis metuliferus) and  watermelon wildspecies  (Citrullus colocynthis) and two cucumber scions NS 408 (F1 hybrid) andGreen Long (variety) to identify resistance /tolerance of the root knot nematode(Meloidogyne incognita) and fusarium wilt (Fusarium oxysporum f.sp.cucumerinum). Among the rootstocks screened Cucumis metuliferus, Citrullus
colocynthis, Cucurbita maxima and Cucurbita ficifolia found to be resistant to rootknot nematode which recorded the root knot nematode gall index (RKI) of 2.0. Therootstocks Largenaria sciceraria and Luffa cylindrical were found to be moderatelyresistant to RKN (RKI- 3.0). Screening study against the incidence of fusarium wilthave revealed that the rootsctoks C. metuliferus, C. colocynthis were found to beimmune (PDI - 0%) to fusarium wilt with per cent disease incidence (PDI) of zero at60 days after inoculation. However, C. maxima (19.67 %) L. sciceraria (20.00 %) C.
ficifolia (20.14 %) and L. cylindrica(22.22 %) have also recorded the lesser per centof disease incidence for fusarium at 60 days after infection.From the screening studies, though the rootstocks African horned cucumber(Cucumis metuliferus) and  watermelon wild species  (Citrullus colocynthis) werefound to be resistant to the incidence of RKN and fusarium wilt, the stem of therootstock is very thin when compared to cucumber seedlings (scion) which resultedin poor grafting success. So, these two rootstocks were found to be not suitable forgrafting with scion of cucumber seedlings. Hence, the remaining five rootstocks viz.,fig leaf gourd (Cucurbita ficifolia), pumpkin (Cucurbita moschata), winter squash(Cucurbita maxima), bottle gourd (Lagenaria sciceraria), sponge gourd (Luffa
cylindrica) were grafted with scion of Green Long (variety)and NS 408 (hybrid)cucumber (Cucumis sativus L.) seedlings were grafted using two different graftingmethods viz.,using hole insertion grafting (HIG) and side grafting (SG) methods usingfactorial completely randomized design with three replication. Grafting success percent was investigated 15 days and 30 days after grafting.The results have revealed that the highest graft success per cent was recordedin the hole insertion grafting method with NS 408 (85.81% and 82.36%) and GreenLong (85.00% and 82.35%) grafted on bottle gourd rootstock on 15 and 30 daysafter grafting respectively. The lowest graft success per cent in HIG was recorded in



191the grafting of NS 408 (70.84% and 68.50%) and Green Long (70.65% and 68.30%)scion on sponge gourd rootstock on 15 and 30 days respectively.In side grafting the highest graft success per cent of 42.80 and 40.38 wasreported in the graft combination of NS 408 and Green Long grafted on pumpkinrootstock respectively on 15 days after grafting while the NS 408 and Green Longgrafted on sponge gourd rootstock recorded the graft success per cent of 35.50 %and 33.30 % on 30 days after grafting respectively. In SG, the lowest graft success percent was recorded in NS 408 (29.52% and 16.45%)and Green Long (29.35% and15.35%) grafted on fig leaf gourd on 15 and 30 days after grafting respectively.The successful grafted plants obtained from Hole Insertion Grafting (HIG)method was transplanted to main field in randomized block design and replicatedthrice for evaluation of yield and quality. Two scions grafted on five rootstocks alongwith two non-grafted plants (scion) which were kept as a control. Among the tengraft combinations the NS 408 grafted on Fig leaf gourd rootstock recorded the highestyield of 8.40 kg of fruits per plant with more number of fruits (20.57) followed by NS408 grafted on winter squash recorded the highest fruit yield of 7.22 kg per plant andnumber of fruits of 18.94. The lowest yield recorded in the graft combination ofGreen Long grafted on sponge gourd (2.59 kg per plant) and Green Long grafted onpumpkin (2.27 kg per plant) with 7.51 and 8.74 number of fruits per plant respectively.The non-grafted plants of NS 408 and Green Long recorded the yield of 3.84 kg and2.93 kg per plant and 12.83 and 10.47 number of fruits per plant respectively.Hence it could be concluded that, among the different root stocks Cucurbita
maxima (winter squash)and Cucurbita ficifolia (Fig leaf gourd) were found to bemoderately resistant to fusarium wilt and root knot nematode and these two rootstockssuitable for grafting with cucumber. Among the two grafting methods, hole insertiongrating method could be used successfully for cucumber with the highest survivalrate. Hence, these rootstocks could be used for cucumber against fusarium wilt androot knot nematode resistance in cucumber.
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INDUSTRIAL AND ENTREPRENEURSHIP POTENTIAL AND
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195Market Driven R & D Status in Cucurbits in India
Hari Har Ram

Ex-Vice-President-R&D-Krishidhan Vegetable Seeds India Pvt. Ltd., Pune

AbstractCucurbits occupy an important place as popular vegetable crops in India. The cropsincluded in this group have tremendous diversity and are adapted to a wide rangeof environmental conditions covering tropical, sub-tropical regions, arid deserts andtemperate regions.  A total of 15 cucurbitaceous vegetable/fruit crops grown in Indiaand under active research include ash or wax gourd, bitter gourd, bottle gourd,cucumber, Indian squash, muskmelon, pointed gourd, pumpkin, ridge gourd, snakegourd, sponge gourd, vegetable marrow, long melon, snap melon and water melon.Based on various statistics available, it is estimated that the area of cucurbits in Indiais 0.43 million ha with a production of 4.5 million tonnes and productivity of 10.46tonnes/ha. The corresponding figures at global level are 8.5 million ha, 179.0 milliontonnes and 20.97 tonnes/ha. Obviously, productivity of cucurbits in general in Indiais about half of the productivity globally. This is ironical on the ground that massiveresearch efforts in terms of deployment of competent manpower and matchingresources have been put in place at the country level. This paradox is furthercompounded by the fact that several cucurbits, namely, cucumber, ridge gourd, spongegourd, sweet gourd, round melon, snake gourd and pointed gourd have their primarycentre of origin in India. Except cucumber from this list, all other crops are researchresponsibility of perhaps India alone as no other country consumes these on a widerscale. ICAR institutes engaged on vegetable research and departments of Horticultureand Vegetable Science in state agricultural and lately a few horticultural universitieshave put in tremendous efforts on plant genetic resources management, registrationof novel germplasm with National Bureau of Plant Genetic Resources, introductionof elite lines and varietal development both in terms of pure-lines/open-pollinatedcultivars and recently the hybrids. The documented information on these issues speaksvolumes but the concrete results in terms of boosting productivity are not to be seenin tangible manner. Government of India, Ministry of Agriculture, Department ofAgriculture and Cooperation announced a new seed policy on import of seed/plantingmaterial on September, 16, 1988 for the benefit of all the stake holders concernedwith seed. The new seed policy came into effect on 1 October, 1988 and opened upthe doors to private seed companies for import and marketing of vegetable seeds andalso for in-house research and development programmes by these companies andaccordingly today about 200 vegetable seed companies (multi-nationals, joint-venturesand Indian) are fully engaged in vegetable crop research and development, seedproduction, seed processing and packaging and seed marketing on a big scale.



196 Problems and Prospects of Gherkin Cultivation
Through Contract Farming in India

B.V. Ramakrishna
 Co-ordinator, APEDA funded Gherkin R&D Project,

Department of Entomology, University of Agricultural Sciences,
GKVK, Bangalore – 560 065

AbstractGherkin, Cucumis sativus L belonging to family cucurbitaceae is commonly calledas small cucumber or pickling cucumber is consumed as a condiment in WesternWorld along with bread, meat and beverages. Gherkin crop was first introduced inKarnataka during early 1990’s, gradually it became a very popular crop among thesmall farmers. Later it has spread to neighboring states like Andhra Pradesh andTamil Nadu. Gherkin export from India during 1997-98 was 24,290 MTs valued atRs.50 crores. Now, during 2013-14 it has reached 2, 18,750 MTs with a value of Rs.955 crores. Absence of local demand for gherkin fruits, the companies are able toprocure the entire crop produce and export, this is one of the main reason why thecontract farming of gherkins has been successful compare to any other crop.Gherkin is being grown in India under contract farming engaging 1.30 lakhssmall and marginal farmers by gherkin processing companies. Gherkin companiesenter into an agreement with the growers providing buy back guarantee at pre-agreed prices depending on the grade of fruits. Today gherkin contract farming isconsidered to be one of the socio-economically successful agricultural crop model inIndia. Contract farmers receive technical support, seeds, fertilizers, pesticides andbuy back guarantee at farm-gate at pre-agreed prices. Presently export of processedgherkins is being done by 54 companies, of which 28 are in Karnataka, twenty-one inTamil Nadu, three in Andhra Pradesh and one each in Maharashtra and Gujarat.Processed gherkins are exported in bulk as industrial raw material and in jars asready to eat. Gherkins are exported to more than 20 countries, mainly USA, Canada,Russia, Europe, U.K., Australia etc.Indian gherkin industry’s strengths are: gherkin export companies mobilizinga dedicated extension team, many willing farmers with small and medium holdingwho mainly depend on family labors. Year round suitable climate (10 month) forgherkin cultivation, capable of supplying small sized gherkins, government support,fruits quality conforms to internationally accepted quality standards. Weaknessesare: low crop yields (Germany – 40 MTs per acre, Turkey – 12 MTs per acre, Vietnam– 10 MTs per acre, USA – 5 MTs per acre, India – 3.5 MTs per acre), pest and diseasesdamage, dependence on the foreign companies for seeds, short power supply,  longdry spells. Opportunities are: expansion to newer areas with congenial climate to



197meet increasing demand, adoption of precision farming for higher yields, developmentof new varieties in India to reduce cost of seeds, since seeds are being presentlyimported, improved processing and packaging technology to meet changingconsumer tastes, establishing new processing units, thus creating job opportunitiesat local level. Present threats to the gherkin industry are: less margin to farmers,increase in cost of cultivation, fruit fly menace, low pesticide import tolerance andstringent import norms by the importing countriesSince this industry has created direct, indirect and tertiary employmentopportunities to local farm labor, transport operators, extension workers, labor forcein processing units, shipments, traders, shop keepers etc., Government of India andstate governments are also supporting this industry in the form of transport assistance,capital subsidy and fruit fly control subsidy. University of Agricultural Sciences,Bangalore with APEDA, New Delhi financial support has recently standardized thegherkin crop production technology for cultivation of export quality gherkins.
Post harvest processing, better shelf life, easy

transport, packaging and marketing of cucurbits
T.R.Gopalakrishnan1 and Saji Gomez2

1Director of Research, Kerala Agrl University, Thrissur, 2Asst. Professor, College of
Horticulture, KAU, Vellanikkara

AbstractCucurbitaceous vegetables are grown largely during summer months and are widelyconsumed all over India. The post-harvest handling and processing operationsfor many of these cucurbitaceous vegetables are specific and therefore, suitabletechniques are to be formulated for their maximum utilization in order to prolongtheir shelf life, improve quality and for diversification of value added products. Preharvest cultural and environmental factors have pronounced effect on post-harvestquality and shelf life of vegetables. Pre harvest sprays of bitter gourd and cucumberwith plant growth regulators like GA, CCC, MH and ethephone significantly influencedfruit length, girth, yield/plot, fruit qualities and shelf life. Cucumbers should beharvested when they are horticulturally mature i.e. at an immature stage; near fullsize but before the seeds fully enlarge. The main method used to measure harvestmaturity is fruit size. Fruit that are too mature have a tough leathery skin and arebitter in flavour. Ridge gourd is harvested when it is sufficiently tender withoutformation of tough texture, whereas pumpkin and ash gourd are harvested at fullydeveloped stage. In all pumpkin varieties, an improvement in quality was evidencedby high carotene, TSS, total sugars and acidity was observed when harvest wasdelayed up to 60 days after anthesis.



198 All vegetables continue their metabolic processes even after harvest. In orderto check these metabolic activities, vegetables should be quickly precooled soon afterharvest. As cucurbits are mostly warm season vegetables, care should be taken that theprecooling temperature is not very low as it can result in chilling injury to the produce.Hydrocooling has the additional advantage of cleaning and sanitization of the producewhen chlorine is incorporated in wash water. But this method is not advised forcucurbits not suited to wetting (pumpkin, ash gourd, cantaloupes etc. Washing cucurbitsto remove the adhering dirt and dust is an inevitable practice as   most of the cucurbitsare in direct contact with soil when they are grown in open field conditions. The fruitscan be dipped in a wash tank with chlorine 150 ppm, sodium hypo chlorite or calciumhypochlorite. After cleaning, the fruits must be placed on clean perforated trays or wiremesh surface to remove excess surface moisture. Washing is not practiced in cucurbitslike pumpkin, snake gourd and ash gourd. Cucurbits are mainly graded based on size,shape, colour, evenness of shape and appearance.Though cucurbits in general are comparatively cheaper vegetables, high valuecucurbits like cucumber and squashes (summer and winter) can be subjected towaxing as they fetch higher prices in the market. Food grade liquid waxes can beapplied on cucurbits, particularly, those with even surface like cucumber so as toextend shelf life and also to improve market appeal. Waxes like Semperfresh, Stayfresh, Carnauba wax, when applied on fruit surface will retard respiratory activity,prevent moisture loss by reducing transpiration. In India scant attention is beingdevoted to packaging of vegetables, particularly cucurbits, wherein they are handledin bulk and loaded into sacks directly from the field and transported in trucks by road.High value cucurbits like slicing cucumber, bitter gourd, squashes, ridge gourd, muskmelon, cantaloupe etc. can be packaged in corrugated fibre board boxes. Shrinkpackaging can be adopted in high value cucurbits like cucumber, squashes etc.Packaging of ivy gourd fruits in polypropylene 80 gauge and polyethylene 150 gaugefilms, were found to be the superior treatments for extended marketability and reducedweight loss. Packaging resulted in less than 1 % moisture loss when stored at ambienttemperature for six days.Cucurbits, being tropical vegetables require an optimum storage temperatureabove 10°C (50° F) so as to avoid chilling injury to the produce. In general, cucurbitscan be safely stored at a temperature range of 10-15° C and the relative humidityranges from 70-95 %. Though some cucurbits have hardy fruits (pumpkin and ashgourd), waxy coating (cucumber, ash gourd), moisture loss occurs from thesevegetables in spite of these features. Therefore, most of the cucurbits require a relativehumidity above 90 % to prevent moisture loss from their surfaces, with the exceptionof pumpkin and ash gourd wherein, the optimum relative humidity recommended is



199around 70 %. Studies conducted at KAU revealed that refrigeration of bitter gourdfruits after treatment with 400 ppm of CCC was found to retain quality during storage.The storage life of cucumber could be extended to 3 weeks at 10° C by pre-packing inflexible films with retention of freshness and tenderness.Marketing of cucurbits is generally of two types:1) those marketed with lowlevels of moisture (pumpkin, ash gourd) and stored at low humidity to avoid post-harvest decay or 2) those marketed with high moisture levels and stored at highhumidity (cucumber, bitter gourd, ridge gourd etc.). Market demand for cucurbitsvaries according to consumer preferences and it varies from region to region.However specific varieties with long keeping quality and good market acceptancehas been identified in various cucurbits.Developing technologies for value addition and reducing post-harvest lossesby adopting on farm primary processing and minimal processing are viablealternatives that hold promise in the days to come.  In cucurbits, primary processingtechniques are employed to a lesser extent in case of pumpkin and ash gourd.Experiments on dehydration of bitter gourd proved that sun drying,dehydration in cabinet drier, dehydration after treatment with 4 % brine andintermediate moisture bitter gourd were found promising. Ivy gourd lines with bitterfruits were found to be suitable for pickle making, after curing with sodium chloride(15%). Small fruited types of cucumber, particularly the whole fruits of gherkin(Cucumis anghuria) are preferred in the processing industry for brining and picklingpurposes.  KAU has developed technologies for development of osmotically dehydratedpumpkin and ash gourd chunks, pumpkin flakes, pickles from pumpkin, bitter gourdand ivy gourd etc.. Water melon rind pickle prepared from dried and cured pieces in 3-4 % salt,mixed with spices and oil, was found to have a shelf life of six months at ambienttemperature. Ash gourd candy, popularly known as ‘Agra petha’ is widely available allover India.Efficient post-harvest management of vegetables begin in the field itselfthrough Good Agricultural Practices (GAP) and it should always be borne in mindthat quality cannot always be improved post-harvest. High quality and better shelflife of vegetables depend upon sound production practices, appropriate handlingduring harvest and adequate post-harvest handling, packaging, storage andtransportation.



200 Scope of Micro-entrepreneurship for Seed and
planting material production in Cucurbits

Dr.P.T.Umashankar11Agro-economist (formerly consultant with The World Bank, Asian Development
Bank, National Horticulture Board, RKVY, Department of Agriculture and Coopera-

tion, GOI), Centre for Ecology and Economics, Chennai-20

Backdrop: With 179.9 million hectares, 20 agro-climatic regions, 46 of the 60 soiltypes, India holds the second largest and most varied agricultural land in the world. Itsfood grain production is at an all time high of 264.38 million tonnes as per thirdadvance estimates for the year 2013-14 and its horticultural production scaling to280.77 million tonnes (with 60.6% share from vegetables at 170.25 million tonnes).However, the contribution of agriculture in total GDP of the country is about 12-14% which is fairly un-matching with the 60-65% of the total population dependingdirectly or indirectly on agriculture for their livelihood.
Deficiency to Sufficiency in Food: While India can boast itself from being adeficient to sufficient food producing country for its people, the availability ofvegetables in India is only 260g/capita/day as against the recommended dietaryallowance of 300g/capita/day with the post harvest loss estimates ranging from 10-30%. Also, considering the varying prices of vegetables, taste and preferences,purchasing power, and perishable nature, its consumption is far below to a vastmajority of its population.
Vegetable Cultivation: The most urgent need today is to increase theproduction of nutritious food in a sustainable manner and improve farm income toensure household food and nutritional security, while conserving the natural resourcebase. Vegetable production gains significance not only for its nutritional security pointof view, but also for its high income and employment generation, particularly forsmall and marginal farmers. With limited scope for horizontal expansion, verticalexpansion by way of improved yields is the key issue that need to be addressed.
Vegetable Consumption: With technological advancements, the productiontargets of vegetables is not a distant dream; however, the real challenge lies in makingit affordable for the buyer, while the producers interests are not compromised.Cucurbits or gourds as they are popularly called offer a fill up by way its affordableavailability and uncompromising returns to the producer.
Gourd Vegetables: Cucurbits or gourds are probably one of the earliestdomesticated types of plants (archaeological evidence dates as early as 13,000 BC).They had numerous uses throughout history, including as tools, musical instruments,objects of art, apart from food. Cucurbit crops are mostly produced for their immature



201or mature fruits. However, a relatively high proportion of cucurbit fields are destinedfor seed production, either for seed consumption or for propagation material.Production of cucurbits for seed consumption (as a snack food) is very popular insome parts of the globe and almost unknown in others.
Production of Gourd Vegetables in India: The share of cucurbits is around5% of the total vegetable production of India (5.6% as per a recent FAO estimate) andthe trend is more or less static. The edge of cucurbits over the other vegetables isbecause of its low calorie and high nutrition. As India grows to be the diabetic capitalof the globe, gourd vegetables offer immense opportunities in the culinary compositionof diabetics. Research has progressed in a great deal to remove the bitterness incertain gourds yet retaining its other properties offering an improved choice forcustomers.Unlike, most vegetables, gourds survive well under summer and droughtcondition and the key to its expansion lies in constant and uninterrupted supply ofseed and seed material for their cultivation.
Value Addition and Exports: At present, value addition in cucurbits is verymuch restricted. Also, most cucurbits are cultivated for domestic supplies; hardlycucurbits are cultivated for seeds. With the WTO and GATT regime, export possibilitiesfor non-traditional vegetables saw have opened up. Crops like Cucumbers, Gherkins,Pumpkins saw huge increase in exports (for instance Cucumber and Gherkin exportsfrom India to Pakistan rose from 12.53 MT worth Rs.1.78 lakhs during 2011-12 to681.47 MT worth Rs.181.36 lakhs during 2013-14). The facilitating regimes of theseed bill can also facilitate export of quality seeds if they are produced to meet theglobal standards.
Seed Production in Cucurbits: In many places, small and marginal farmersretain their seeds for further cultivation. Wherever, seed production is taken up,unlike major multi-nationals, a large number of medium and small scale entrepreneurstake up seed production to cater to the domestic demands. Some of these agencies arealso investing in R&D to develop improved and new varieties.
Scope for Micro entrepreneurship in Crop and Seed Production: Inconventional seed production, the agency or a contract farmer takes up seedproduction (for certified seeds) and sells back the seeds for a prefixed price. In thismodel, the contract farmer is an intermediary in the process and loses out on thescope of vertical value addition benefits. Therefore, a new model to integrate cropproduction as well as seed production under three levels of technology and investmentare suggested.The process, levels of technology and investment, their distribution and rolesinvolved in the supply chain process and value addition are elucidated for pilotingand adoption. Suitable policy and enabling environment and investment thrustinitiatives are also suggested to support this model.



202 Antioxidant rich fruit fractions from
Momordica spp. and their commercial
potential in functional food industry

Shrawan Singh1, L. K. Bharathi2

1Division of Horticulture & Forestry
Central Island Agricultural Research Institute, Port Blair-744101, Andaman and

Nicobar Islands.; 2Central Horticultural Experiment Station, Bhubaneswar

AbstractThe mining for lycopene rich natural sources and understanding the factors forvariable expression level of this is trait in such sources is very interesting topicamong the related researchers. This is due to high free radical quenching capacity ofthe lycopene and strong evidences that lycopene has anti-cancer property particularlyagainst prostate cancer. Though, tomato is universal source of lycopene for differentfood items but Momordica cochinchinensis also emerged as richest source of lycopenefor industrial use. It has been claimed that the aril fraction of M. cochinchinensiscontains around 70 times higher lycopene than tomato. The present paper reviewsthe significant contributions in the field of biochemistry, health studies and industrialuses of lycopene from Momordica spp. and presents future strategies for utilizationof other lesser known or under-utilized Momordica plants through research andindustrial interventions.



203Alleviation of type 2 diabetes by Bitter gourd
fruit extract (BGFE) in humans

Prarthana Mohanty, P. Ashok, K. Sasikala and D. V. Swami
Horticultural College& Research Institute, Dr.Y.S.R Horticultural University,

Venkataramannagudem-534 101, Andhra Pradesh

AbstractType 2 diabetes mellitus is rapidly becoming a dominant disease around the world.The World Health Organization reports that worldwide the number of peopleaffected with type 2 diabetes is 240 million. The international Diabetes Foundationreports 285 million people were fully affected by diabetes and 400 million with pre-diabetes. It is predicted that each year, an additional 8-10 million people will developthe disease. This disease fully exploited in countries like India, China and UnitedStates. Patients with diabetes mellitus have a higher risk of cardiovascular disease.Therefore, a reduction in all cardiovascular risks such as dyslipidemia, hypertensionand being over-weight is advisable. Despite remarkable advances made in themanagement of diabetes by the use of synthetic drugs, there has been a renewedinterest in medicinal plants because generally they do not elicit any side effects.Plantsor their extracts such as Momordica charanita (Bitter gourd) has been widely used asan traditional medicine treatment for diabetics patients in Asia. Experiments onanimals with bitter gourd fruit extract exhibited hypoglycaemic effects. Bitter gourdpossess insulin – like properties increase insulin secretion, increase tissue glucoseuptake, Preserved pancreatic islet â cells, decrease glucose absorption, increase liverand muscle glycogen storage, depress hepatic gluconeogenesis and improve theactivity of key enzymes of the glycolytic pathway. Studies indicated that it hasemerged as one of our strongest botanical interventions for improving blood glucose.The science and native wisdom behind the plant show its value in treating type 2diabetes mellitus. Bitter gourd seeds contain momorcharin, which have beenantifertility effects. The most appropriate or effective dose of bitter gourd is notentirely clear. Each capsule contained 500mg of dried powder of the fruit pulp andcontained 0.04%-0.05% of charantin. Clinical trials need to conduct to exploit thefull extent of its medicinal properties.



204 Possibilities for Establishment of Processing and Value Addition
Units of Ash Gourd (Benincasa hispidaL.) for Improving

Livelihood of Tribal Farmers of Bastar Division of Chhattisgarh

Deo Shankar1, M. K. Sahu2, S. C. Mukherjee1, G. P. Nag3, and Kamal Narayan4

1 S.G. College of Agriculture and Research Station, Kumhrawand, Jagdalpur - 494 005
2SMS, Horticulture, Krishi Vigyan Kendra  (IGKV) Narayanpur, Chhattisgarh
3Scientist (Horticulture) College of Horticulture, (IGKV) Jagdalpur - 494 005

4SMS, Horticulture, KrishiVigyanKendra  (IGKV) Dantewada (C. G.)

AbstractA conventional survey was conducted in seven different districts (Bastar,Dantewada, Bijapur, Sukma, Kondagaon, Narayanpur and Kanker) of BastarDivision of Chhattisgarh during the year 2013-2014 for collection of informationabout ethnic or local use of Ash Gourd by local people and collection of data aboutsowing time, fruit weight, selling price, fruit setting per plant, fruit yield per plant,mode of consumption of ash gourd, awareness about petha preparation, total areaand production. The Ash Gourd also known as Rakhiya. The result of the surveyabout ethnic uses of Ash Gourd are indicated that the mature fruit pulp used forpreparation of Badi after mixing of black gram pulse,  mature seeds are used forpreparation of Bijauri after mixing of seasamum seeds and tender fruits are used forpreparation of vegetable. The rakhiyabadi used as a medicine by local people afterdelivery. The results of conventional survey are indicated that the total area of AshGourd in Bastar division is 210.50 hectare with total production 7350 tonnes withaverage productivity 35.00 t ha-1. The major sowing time of Ash Gourd in Bastardivision is Kharif season. The ash grourd growers adopted all improved cultivationpractices in Bastar division on upland farming situation in kharif season. The sellingprice of Ash Gourd fruits was 150-300/- per pair in local markets of Bastar division.Fruit weight ranges from 5-14 kg, fruit setting recorded 7-12 fruits per plant andfruit yield recorded 65-112 kg per plant. Farmers were aware about petha preparationbut lack of expertness and training about petha preparation unable to start processingunits of Ash Gourd in Bastar division of Chhattisgarh. All the Ash Gourd growingfarmers participated in conventional survey were interested for area expansion ofAsh Gourd after establishment of medium and small scale processing units. It may beconcluded that on the basis of data observed during conventional survey the Bastardivision of Chhattisgarh is highly potential area for establishment of Ash Gourdprocessing and value addition units which may be helpful for improvement of ruraleconomy and livelihood security of tribal people of Bastar division of Chhattisgarh.



205Spine gourd – A Nutritious minor cucurbit
Sasmita Priyadarsini Dash, Jitendra Singh and Padmakshi Thakur

Department of Horticulture, Indira Gandhi KrishiViswavidyalaya, Raipur - 492012

AbstractSpine gourd (Momordica dioica Roxb.) belongs to the family Cucurbitaceae andunder the genus Momordica, a perennials climbers. Spine gourd is commonlyknown as kakrol, kankada, kankro, kartoli etc. The average nutritional value per 100g edible fruit was found to contain 81.4% moisture, 7.7 g carbohydrates, 3.1 g fat, 3.0g fiber and 1.1 g minerals. Its green fruit contain 12-14 % protein. Spine gourd is richin calcium, phosphorous, iron, carotene and the fruit contain a high amount of vitamin-c. It is rich in fiber and vitamins and used to making sabzi or curries in India. It hasmany beneficial medicinal properties, cooling to the body, easy to digest, well forcough, fevers, increase appetite and good for kidney. Recent research show that itgood for diabetes. The consumption of green fruit and tuber stimulate the activitiesof pancreas and control the level of sugar. Although it considered as underutilized andminor cucurbitaceous vegetable, it is widely cultivated in Orissa, Chhattisgarh,Maharashtra, Bihar and West Bengal and is slowly gaining popularity as a commercialvegetable crop because of its taste and high nutritional value. Spine gourd hasprominent position among the cucurbitaceous vegetable owing to its good nutritionalvalue and medicinal value, high keeping quality, ability to withstand long distancetransportation, high market price and good export potential.
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Revised Operation Guidelines for release of subsidy in respect of projects under

NHB Schemes

With a view to promote horticulture (in open field area above 02 Hectors (i.e.above 5.00 acres)
and in Protective cultivation area 2500 Sq.mtr) and creation of critical infrastructure for the
sector and to reduce the interest burden on the loan taken by the farming communities/
entrepreneurs on projects considered under the credit linked back ended subsidy scheme of the
Board, Operational Guidelines have been revised (Annexure-I and II, Chapter-III) for the release
of subsidy. Following are the broad parameters governing this procedure.

a) Procedure for submission of documents/papers for final subsidy claim to the
Board:

i) The concerned FI/Bank which has provided credit for the project shall
submit subsidy claim in prescribed format as under to respective office
of NHB as under:

• To respective State Office of NHB upto the project cost of Rs.50.00 lakh.
• To NHB, HQ, Gurgaon where the project cost is above Rs.50.00 lakh.

ii) Upon release of 50% installment of term loan by bank to promoter, NHB
would release 100% subsidy to the concerned bank/FI as per prevailing
cost norms.

iii) The subsidy would be kept frozen by bank/FI in the Subsidy Reserve Fund
Account (SRFA) of the NHB.

b) Final subsidy claim on completion of project and upon release of final withdrawal
of term loan by the Bank/FI.

A Joint Inspection Team (JIT) consisting representative from bank, NHB, State Hort./
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subsidy claim based on eligible project cost on the basis of all the relevant
parameters and approval of appropriate committee of NHB.

c) Documents to be submitted with the subsidy claims:

i) Financial appraisal report of the bank.
ii) Term loan sanctioned letter issued by the bank with detailed terms and

conditions.
iii) Term loan disbursement schedule for the project.
iv) Extract of term loan account of promoter.
v) Affidavit in Format-IV.
vi) Release of at least 50% of term loan into project Bank loan account.

d) Documents to be submitted with final subsidy claim.

Final subsidy claim shall be submitted to the Branch Office of NHB or to the Head
Office, NHB as the case may be, along with following documents.

i) Completion Certificate by Bank/FI.
ii) Term loan disbursement details (date-wise).
iii) Statement of Expenditure incurred certified by bank for project costing

upto Rs.50.00 Lakh or by Chartered Accountant (CA), if project cost exceeds
Rs.50.00 Lakh.

Other Provisions:

i) The subsidy so granted to the lending banks/FIs shall be deemed as estimated
(tentative) only. Final amount shall be determined on the basis of the Joint
Inspection Team by the Approval Committee on completion of the project.

ii) The subsidy will be adjusted by bank only after receiving the written advice of
NHB for this purpose and balance amount would be refunded to NHB within
30 days. For any delay beyond it, bank will be liable to pay interest on the
refundable amount.

iii) Requirement of application for the Letter of Intent (LOI) will be voluntary for
the promoter and would be issued only on the request of the promoter. This
will not be required for claim of subsidy.

iv) It is expected that the lending bank would undertake necessary inspections(s)
and technical & financial appraisal to ensure that the project is new, meets
the guidelines of NHB, and the promoter has clear land title or lease hold
right over the land before the release of term loan.

v) In case the project is not completed within 18 months from the date of release
of estimated (tentative) subsidy, the project would to be eligible for nay subsidy,
unless the promoter has sought extension of time from NHB under unavoidable
or exceptional circumstance. In such cases, the bank would refund the subsidy
to NHB expeditiously or not later than 30 days after such period.

vi) The decision of NHB with regard to eligibility and interpretation of the
guidelines shall be final and binding on the beneficiaries and banks.

vii) These guidelines would come in force with immediate effect.
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open field area above 02 Hectors (above 5.00 acres) and in Protective

cultivation area 2500 Sq.mtr) under NHB Schemes

Further, as NHB/DAC has revised the procedure for subsidy claims wherein issuance of
Letter of Intent (LOI) is voluntary, there may be instances to get LOI approval to facilitate
bank/FI term loan or for some other reasons, the procedure/documents to be submitted for
LOI is being simplified, as below:-

(Upto Project Cost Rs.50.00 Lakh at NHB, Bhubaneswar and more than Rs50.00 Lakh at
NHB (HQ), 85/18, Gurgaon)
i) Application form in prescribed format – I.
ii) Prescribed cost of Application.
iii) Certified Copy of record of rights over the piece of project land. In case of lease of

land for the project a certified copy of lease deed which should be registered at
the time of submission of LOI application.

iv) Detailed Project Report (DPR).
v) Consent letter by the lending bank.
vi) Affidavit.

Pattern of assistance

I) In Open filed cultivation:- Credit linked back-ended subsidy @ 40% of the total
project cost limited to Rs 30.00 lakh per project in general area and @ 50% of
project cost limited to Rs. 37.50 lakh in NE Region, Hilly and Scheduled areas.

II) In Protective cultivation:- Credit linked back-ended subsidy @ 50% of the total
project cost limited to Rs 56.00 lakh per project as per admissible     cost norms
for green houses, shade net house, plastic tunnel, anti bird /hail nets & cost of
planting material etc.

III) In PHM/Primary Processing:-Credit linked back-ended subsidy @ 35% of the total
project cost limited to Rs 50.75 lakh per project in general area and @ 50 % of
project cost limited to Rs. 72.50 lakh per project in NE, Hilly and Scheduled areas.

General conditions
I. Credit component as means of finance of the project should be term loan from banking or

non banking financial institutions and should not be less than 25% of eligible project
cost.

II. Normative cost of various components shall be prescribed by NHB.
III. Benefit of exclusive components of cold storage scheme shall also be available to the

promoters over and above the assistance that will be provided under Commercial
Horticulture Scheme to set up integrated projects for production and PHM components.

IV. Projects relating to setting up of new units shall be technically and financially appraised
to ensure and enable entrepreneur to incorporate latest available technology.

V. Assistance can also be availed for a combination of PHM infrastructure components by
a beneficiary, within the prescribed norms of individual items.

For more details please contact:
National Horticulture Board, (Ministry of Agri.Govt.of India),

Plot No.N1/303, IRC Village, Nayapalli, Bhubaneswar-751015, Ph/Fax no.(0674) 2558134
E-mail:www.nhbbbsr@gmail.com. Web site: www.nhb.gov.in
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With best compliments from :

GOOD EARTH
1460, IRC Village, Infront of Old Post Office,

Bhubaneswar-15
Ph. : (0674) 2558875
Mob. : 9437212203

Deals with :
Seeds, Planting Material, Pesticides,

Farm Equipment, Plastic ware
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FOREWORD

As a result of agricultural evolution process, formerly underutilized crops are nowbeing globally considered as potential crops, especially due to their significantnutraceutical value and improved market demand. The Old World cucurbits likepointed gourd, ivy gourd, bottle gourd, bitter gourd, sweet gourd, teasel gourd, spinegourd, ash gourd, sponge gourd, ridge gourd and some native melons are broadlycultivated in India and several South-East Asian countries. However, these cropshave not yet been studied thoroughly due to supply and use constraints, in spite oftheir huge potential for commercial exploitation and their popularity in specificgeographical pockets.These constraints are borne out of poor yield and shelf life, un-recognized nutritional value and poor consumer awareness. Though cucurbits arebeing traditionally grown in India since long time, the crop improvement strategyusing advance scientific technologies and utilization is still poor.There is an urgentneed to characterize and conserve the native cultivars spread across the country,improve the qualitative and quantitative attributes of the local genotypes throughmodern breeding techniques, produce quality planting material and making themavailable across different areas with similar climatic conditions, explore their post-harvest potential for development of products and export.Demand for cucurbitaceous vegetables like bitter gourd and sweet gourd hasincreased in international market due to the presence of rich health promotingcompounds such as lycopene and â-carotene in sweet gourd, or charatin present inbitter gourd, which are known for significant health benefits. Indigenous cucurbitslike gantola(kakrol) and kundrucan be exploited for export market in the line ofgherkin. Sweet gourd also has huge export potential for its paste, powder, juice etc.,due to its high nutraceutical value.With this background, the present seminar on “Strategies for Improving
Production, Productivity and Utilization of Cucurbits” is being organized to bringtogether the knowledge base of eminent scientists engaged in research of variouscucurbitaceous vegetables. The outcome of the seminar would serve as a guide forfuture course of research activities on indigenous cucurbits.I take this opportunity to express my sincere gratitude to all the staff and volunteerswho are continually working hard for organizing this seminar.

H. S. SinghPrincipal Scientist & HeadCentral Horticultural Experiment Station,Bhubaneswar.



PREFACE

In India, a number of major and minor cucurbits are cultivated accounting for approximately5-6 % of the total vegetable production. Although considerable progress has been made in theresearch on watermelon, cucumber and muskmelon, little progress has been made in other cucurbitcrops mainly due to supply and use constraints. In spite of the huge potential for commercialexploitation of old world cucurbit like sweet gourd, the crop improvement strategy using advancescientific technologies and utilization is still poor. Therefore, this national workshop has beenconceived to bring out the specific recommendations and strategies for improving production,productivity and utilization of cucurbits in South-East Asia in general and India in particular. Theseven technical sessions spanning over three days having four to five invited lectures from thespecialized speakers, during the Seminar will address various critical issues.I take this opportunity to thank Hon’ble DDG (Horticulture), ICAR, who is the realinspiration behind the organization of this National meet on cucurbits. He has been thecontinuous driving force behind the conceptualization and organization of this national event.I also thank The Director, Indian Institute of Horticulture Research and the Head, CentralHorticultural Experiment Station for providing me this opportunity in organizing this nationalseminar. The help rendered by Dr. SK Malhotra, Sh RS Gopalan, IAS, Sh. SK Chadha, IFS, Dr. M.Muthukumar, IAS, Dr. V. Karthikeya Pandian, IAS, is gratefully acknowledged. I also thank all themembers of National Advisory Committee and Organizing Committee of the Seminar; Officebearers and Executive committee members of the Society for Promotion of Horticulture,Bengaluru; fellow colleagues of IIHR, Bengaluru and CHES, Bhubaneswar. Special appreciationgoes to Dr P. Srinivas, Dr. C. Aswath, Dr. M. Pitchai Muthu, and Sh. Arun Kumar Das, who madesignificant contribution at various stages for organizing this seminar.I would also like to place our gratitude to our major sponsors namely NationalHorticulture Board, NABARD, Institute of Management of Agricultural Extension (IMAGE),Bhubaneswar, Directorate of Horticulture, Odisha, Indian Society for Root Crops,Thiruvananthapuram,  Deputy Director of Horticulture, Balangir, Head, Central HorticulturalExperiment Station, Bhubaneswar. Grateful thanks are due to Lakeshwar enterprises, Bolangir,Krishak Sathi, Cheminova, Blue Stal, Good Earth, Mohapatra Scientific supply syndicate, HindustanSeeds, who gave financial assistance in the form of advertisements in the souvenir. The financialassistance received from Research and Development Fund of National Bank for Agriculture andrural Development (NABARD) towards publication of journal printing of proceedings of theseminar is gratefully acknowledged.I am sure the workshop would generate meaningful discussions and come out withstrategies for improvement and expansion of cucurbits in India. The strategies would be helpfulto different agencies for consideration in framing policies and programmes for future R & Dactivities.I welcome the participants and wish them a happy stay.
L. K. BharathiOrganizing Secretary
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