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Executive Summary

The research and development activities of
Indian Institute of Vegetable Research, Varanasi are
being carried out under six mega-programmes, namely
(i) Integrated Gene Management (ii) Seed Enhancement
in Vegetables (iii) Productivity Enhancement Through
Better  Resource Management (iv) Post Harvest
Management and Value Addition (v) Prioritization of
R&D Needs and Impact Analysis of Technologies
Developed by IIVR (vi) Integrated Plant Health
Management and 18 externally funded projects. In each
mega-programme numbers of sub projects have been
formulated with specific objectives.

Under the sub project “Management of vegetable
genetic resources including under-utilized crops”, a
total of 613 accessions including cultivated species and
their wild relatives (70) in 51 major and minor vegetable
crops were augmented through import and inland
explorations. A total of 987 accessions of different
vegetables have also been supplied to different
organization for research and demonstration purpose
after signing of the Material Transfer Agreement
(MTA).

Among solanaceous vegetables, three varieties/
hybrids namely Kashi Abhay (semi-determinate hybrid
tomato with uniform maturity and partially tolerant to
ToLCV having an  yield potential of 60-70 t/ha); Kashi
Tez (A CMS-based early maturing, dual purpose hybrid
chilli, tolerant to anthracnose disease and thrips but
susceptible to mites and yielding 14-15 t/ha with high
pungency); Kashi Uttam (Round fruited high yielding
brinjal variety tolerant to fruit and shoot borer, resistant
to lodging and having yield potential of 50-55 t/ha)
have been identified for release by Institute. Twenty
high  carotene lines   derived from Solanum lycopersicum
L. X S. pimpinellifolium L. or S. herbochiates   were
identified from segregating populations. In brinjal,
IVBHL-20, a promising hybrid in purple coloured,
medium long fruit segment with bushy type growth
habit has been identified. Genotyping of 114 RILs  in
brinjal was done using 24 polymorphic SSR primers.
A cytoplasmic male sterility based F1 hybrid CCH-12
(A2 x KA2) was identified for high yield.

Among leguminous vegetables, Kashi Khushhaal
(semi-pole type early maturing Indian bean) having
yield potential of 30-38 t/ha and Kashi Sampann  (late
maturing, bush type French bean variety, tolerant to
GYMV and high temperature, having yield potential
of 270-275 q/ha) were identified for release. A new pea
variety, Kashi Ageti (VRPE-25) was also identified

through AICRP(VC) for zone no. IV (Uttar Pradesh,
Bihar, Jharkhand and Punjab) in early maturity group.
Nine genotypes were also found to be resistance to
cowpea golden mosaic virus. One advance cowpea
breeding line 49-5 developed through pedigree
selection by crossing Kashi Gauri X Arka Garima has
been selected for earliness and cowpea golden mosaic
virus resistance.

Among gourds, Kashi Suphal ( less-seeded, more
fleshy pointed gourd pointed gourd variety with
attractive fruits having better keeping quality, having
yield potential of 180-215 q/ha., suitable for culinary
purpose and sweet making) was identified. The
genotype  VRBG-12 was noted resistant to downy
mildew. New interspecific cross combinations of Luffa
cylindrica syn. Luffa aegyptiaca (VRSG-136) x Luffa
acutangula (VRRG-27) and Luffa cylindrica (VRSG-136)
x Luffa acutangula var. Satputia syn. Luffa hermaphrodita
(VRS-1) were attempted for development of RILs.

In melons, pumpkins and cucumber, Kashi
Shubhangi  (early maturing, pepo variety having bushy
growth habit bearing 8-10 medium sized elongated,
dark green fruits, yielding 600-675 q/ha)  and a
watermelon variety Kashi Pitamber (yellow coloured
rind right from ovary stage, early maturing (76-81 DAS)
bearing small fruits (2.50-3.42 kg)  with single plant
yield 8.3-12.5 kg fruits were identified. In cucumber,
the accessions were screened by serological method
(ELISA) using GBNV and CMV polyclonal antibodies.
These accessions were diagnosed for the Groundnut
bud necrosis virus (GBNV) and cucumber mosaic virus
(CMV).

In okra, among forty five hybrids, the cross
combination VRO-103 x SB-8 was earliest and took 36
days for 50% flowering. Maximum number of fruits/
plant (22) was harvested from VRO-106 x SB-4 while
highest yield/plant was harvested from cross VRO-
106 x SB-4.

In cauliflower, VRCF-32, VRCF-48 and VRCF-66
were identified as potential yielder (curd yield: 125-
130 q/ ha, harvest index: 37-41 %) in October maturity,
which had net curd weight ranging from 320-336 g
and maturity between of 78-81 DAT.  In November
maturity group, VRCF-2, VRCF-16, VRCF-37, VRCF-
50, VRCF-75 and VRCF-86 were found to be better
yielder (curd yield: 182-205 q/ ha; harvest index: 40-
48% and maturity period ranging from 59-68 days
along with compact white curds).
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In the sub project, Transgenic and regeneration
protocols, callus development of different characteristic
was observed in okra from hypocotyl and cotyledon
explants cultured on all the media combinations except
the MS medium containing 0.2 mg l-1 BA and 0.5 mg l-

1
 kinetin which induced roots on hypocotyls. Multiple

shoot like structures were found from cotyledonary
petiole explants after 30 days  of culture on the
combination of 0.5 mg l-1  2iP and 0.5 mg l-1

 4-CPPU. In
bitter gourd,  callus  regeneration  was  observed  from
cotyledon and  leaf  explants  cultured  on different
combinations and concentration of BAP  or TDZ with
IAA or 2,4-D along with PVP and gibberellin acid.

In biotechnological interventions for
improvement of selected vegetable crops, marker
assisted selection previously performed on F4 families
of FLA478-6-1-11 x CLN2498C (Population I) and
FLA478-6-1-11 x CLN1621E (Population II) resulted
in identification of several tomato lines homozygous
for  Ty-2 and Ty-3  linked markers.  A double
heterozygous F4  plant was Identified. The F5 progenies
generated by self-pollination of this single plant were
genotyped using two distal end markers linked to both
Ty-2 and Ty-3 genes. Two lines VRT-03-1-8 (yellow
fruited) and VRT-02-13-3 (jointless) with high level of
field resistance to tomato leaf curl virus resistance were
tested for level of resistance through agroinoculation
by monopartite Tomato Leaf Curl Bangalore Virus ,
bipartite virus Tomato Leaf Curl New Delhi Virus and
Tomato Leaf Curl Palampur Virus.

 Among underutilized vegetables, Kashi Khushi
(high yielding variety of satputia (Luffa acutangula
subsp. hermaphrodita) bearing average 140 fruits/plant
in a cluster of 5-6 fruits yielding  5.24-6.27 kg/plant in
8-10 picking); Kashi Bharpoor  (a high yielding variety
of ivy gourd bearing 3200-3500 oval shaped light green
fruits/plant); Kashi Haritika (an early maturing and
high yielding variety of kartoli (Momordica dioica) with
better quality fruits having yield potential of  30-35 t/
ha.); Kashi Gautam  (an early maturing variety of
kakrol (Momordica subanguculata sps. renigera), bearing
medium sized, elliptical shaped, light green fruit with
single plant bears 45-63 fruits yielding 2.5-4.5 kg fruits
of marketable size) were also identified for release.

Under seed enhancement in vegetables, variation
in  response of pollen to different storage conditions
was observed. However, in general, the deep freeze
conditions seem to be better. The setting of fruits did
take place  using 9 month old pollen but the
development of fruits was slow and restricted.

Research and development activities in crop
improvement were also carried out under seven

externally funded projects.  In the, project: Structural
Genomics of Mesorhizobium ciceri Ca181 (AMAS), the
genome sequencing has been completed and functional
characterization of gene related to phosphate
solubilisation and moisture stress tolerance has been
initiated through an efficient mutagenesis method,
us ing the commercial Tn5 transposon
EZ::Tn5™<KAN2>Tnp transposome. Seven drought
sensitive and five phosphate solubilisation defective
mutants were isolated.

Under NICRA project, nine lines were found to
be highly tolerant (> 80%), 49 tolerant (60-80%), 104
moderately tolerant (40-60%), 62 sensitive (20-40% )
and 26 highly sensitive (0-20%). Out of 30 promising
lines, EC-538380, VRT 101A and EC-620419 performed
better under heat stress at 30 0C to 44 0C. The genotypes
M-1-4 and VRT-101A showed higher tolerance to high
temperature with respect to pollen viability. On the
basis of RWC and fruit setting (%), EC-625659 yielded
better under severe stress condition, while VRT-101A
performed significantly well only in mild stress
conditions and EC-538404 was high yielder in light
stress and control condition. Five genotypes, viz. C-11-
3, C-9-1, C-21-1, C-1-1 and D-3-1 showed tolerance to
water-logging for 48h and 72h, at vegetative and at
reproductive stage, respectively.

In  Network Project on Transgenic Crops (NPTC),
T4 plants of the 36 independent events  of
rd29A::AtDREB1A/CBF3 transgenic tomato plants (cv.
Kashi Vishesh) carrying single transgene copy, were
screened for salt stress tolerance by imposing 300 mM
NaCl stress to 12 seedlings of each event. Out of the 36
events, 4 events (D53, D76, D86, and D90) of higher
salt stress tolerance were selected.

Under gene expression studies and development
of functional markers for anthracnose disease in
Capsicum species, contrasting parents with respect to
Col letotrichum capsici  based on molecular and
pathological characterization was identified. Mapping
populations (F2) using susceptible and resistant
genotypes have been developed. A total of 1130 SSR
primer pairs (581 SSRs from 5.307 GB data in resistant,
Taiwan2 and 549 SSRs from 4.892 GB data in
susceptible, Pusa Jwala) were generated.

 In the Bio-prospecting of genes and allele mining
for abiotic stress tolerance  project, molecular diversity
among 48 muskmelon accessions was assessed
through 43  polymorphic primer pairs. Out 35 SSR
primers, 29 showed polymorphism in muskmelon
genotypes. All the eight EST-SSRs showed
polymorphism.
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For validation of DUS testing guidelines of
cucurbits i.e, muskmelon and watermelon, the DUS
testing characteristics of muskmelon and watermelon
were validated for the various descriptor states as per
the DUS minimal descriptor . Descriptor  for
muskmelon and watermelon were finalized with 31
characters consisting  of 5 essential characters.

Under subproject ‘Technologies for protected and
off-season vegetable production’ plug tray nursery
raising technique was standardised in tomato using
locally available medium viz.  FYM, vermicompost, ash,
sawdust, sand, soil and rice husk. The maximum plant
height and biomass was recorded in seedling grown
in vermicompost (75%) + Rice husk (25%). Maximum
plant height, internodal length, number of nodes,
number of fruits and yield were observed under
polyhouse conditions followed by net house
conditions in tomato variety Tolstoy. The performance
of four capsicum hybrids/varieties was  also evaluated
under naturally ventilated protected structure. The
growth, yield and quality parameters was better in var.
‘Swarna’ (yellow coloured) and ‘Indra’ (Red coloured)
while number of fruits per plant was noted maximum
in ‘Popti’.

Under subproject ‘Precision farming in vegetable
crops’ the biomass production and yield in both
cowpea and tomato crops were found to be closely
related to the accumulation of growing degree days
(GDD). In cowpea, the maximum yield of 127.6 q/ha
was obtained under second sowing (29.3.13). Highest
tomato yield was observed under second transplanting
(24.10.13). A web-based decision support system for
diagnosis and management of macro and micronutrient
deficiencies in vegetable crops has also been developed.

In the subproject ‘Impact of organic and inorganic
management systems on vegetable productivity, quality
and soil health’ cowpea (Kashi Kanchan) and okra
(Kashi Kranti) were grown under nine different organic
management treatments. Maximum yield of cowpea
(72.1 q/ha) and okra (82.8 q/ha) was recorded with
the integrated application of 10 t/ha FYM+2.5 t/ha
poultry manure + Rhizobium /Azetobactor + PSB. In
inorganic plots with recommended doses of fertilizers
harboured the highest DBM (5.56) and head borer
(54.12) populations. The number of predator’s viz.,
spiders in cowpea and coccinellids in cabbage were
significantly higher in all the organic plots as compared
to the inorganic one.

Under subproject ‘Improving soil health and
carbon sequestration in vegetable production system
through conservation tillage and residue incorporation
in cowpea during Zaid 2013, the highest yield was

obtained under conservation tillage with residue
incorporation (113.73 q/ha) followed by conventional
tillage with residue incorporation (109.17 q/ha).
Incorporation of residues led to an increase in the soil
organic carbon (SOC) concentration, SOC stock, carbon
pools and soil carbon sequestration.

Under subproject ‘Enhancing water and nutrient
use efficiency in vegetable crops’ the maximum fruits/
plant (22), fruit weight (115.7 g), fruit yield (82.67 t/ha)
and WUE (1.69 q/ha/cm) was recorded when
tomatoes were planted under sub-surface drip
irrigation and N was fertigated at 150 kg/ha. In brinjal,
3 foliar sparys of water soluble fertilizer (NPK19:19:19)
@ 7.5 g/l have noticed the maximum number of fruits
per plant (30.3) and fruit yields ( 4.16 kg/ plant).

In tomato, maximum mean yield of 51 t/ha was
realized under SDI with 10 cm placement depth of
lateral which was 15% higher than that under surface
drip.

Under subproject ‘Shelf-life extension for
preservation of vegetable’ the moisture content, ascorbic
acid, surface texture, peroxidase activity, total phenol
showed a decreasing trend whereas physiological loss
in weight, hue, chroma, seed texture, electrolyte leakage
showed increasing trend in carnauba wax coated
pointed gourd during storage. Maximum decrease in
total phenols (248.37-98.23 mg GAE/100g fw) was
observed in control  sample of pointed gourd while
minimum decrease (248.37-140.87 mg GAE/100g fw)
was observed in without diluted carnauba wax coated
pointed gourd. Pointed gourd with carnauba wax
coating and packaging in polypropylene pouches
remained acceptable with good overall acceptability
score for 30 days while control pointed gourd in
polypropylene pouches had the acceptability for 15
days under refrigerated storage.

Under subproject ‘Exploration of vegetable
nutraceuticals for the development of functional foods’
a process of development of karonda cherry using
natural pigment was standardized. Black carrot was
chosen as natural sources pigments. The anthocyanin
content in karonda cherry is 25.34 mg/kg. Addition of
anthocyanin in Karonda cherry resulted in increase in
antioxidant potential from 5.08 ìmol TE/gram to 6.12
ìmol TE/gram. For enhanced recovery of anthocyanin
from black carrot pectolytic enzyme preparation were
added to the macerate prior to pressing. Enzyme
assisted processing improved juice yield and
anthocyanin concentration. Among five different
polymeric adsorbent nonionicacrylic ester adsorbent
Amberlite XAD-7HP, showed the highest adsorption
capacity and desorption ratio.
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Under subproject ‘Research prioritization of
vegetable crops’ among thirty priority areas, seven
were found to be most important for vegetable research
in India viz.(i) Development of climate resilient varieties
of vegetables and conservation of genetic resources of
unconventional vegetables (ii) Creating awareness to
stop extensive and indiscriminate use of chemicals in
vegetables (iii) Creating awareness about label claim
and maximum residue limit of chemicals in vegetables
(iv) Check weed infestation in vegetable fields (v)
Estimating the actual requirement of vegetable seeds
in the country (vi) Standardizing the post-harvest
handling techniques in vegetables and (vii)
Strengthening infrastructure and cold storage facilities
for vegetable sector in India.

Under sub-project  ‘Impact of improved vegetable
technologies developed by IIVR’ breeder and truthful
label seeds of improved vegetable varieties were
provided to different KVKs, State Horticulture
Departments, farmers’ SHGs, NHRDF. Frontline
demonstrations in eastern Uttar Pradesh showed an
imperative increase in average productivity of 6.8 to
15.76 per cent due to adoption of vegetable varieties
developed by IIVR. Kashi Vishesh (tomato) and Kashi
Pragati (okra), Kashi Anmol (chili), Kashi Sweta
(radish) Kasha Udai (pea) have been adopted in various
district of Uttar Pradesh, Madhya Pradesh, Bihar,
Tripura and other States. Pea varieties Kashi Uday
yielded 984 kg/ha in farmers’ field  and occupied 1.14
per cent of total cropped area in Bihar. Mr. Sushil
Kumar, illage Bahuti, Mirzapur has earned Rs. 1,
23,750/- by sale of this pea variety from his 1.5 hectare
area which was also published in The Hindu dated
April 11, 2013.

Under Mega programme on integrated plant
health management, integrated module comprising
seedling dip with imidacloprid 1 ml/ l water, spray of
Buprofezin 1 ml/l at 25 DAT, Fipronil 0.2 g/l at 35
DAT, Verticillium lecanii 5 g/l at 45 DAT, Chlorfenapyr
1 ml/l at 55 DAT, Neem oil 1% at 65 DAT and
subsequent rotation of the same was found to be most
effective with per cent mite reduction over control and
was highest in both Kashi Anmol (82.66) and Kashi
Gaurav (73.90). In case of thrips, the highest per cent
reduction was 54.48 (Kashi Anmol) and 55.46 (Kashi
Gaurav). In okra, biointensive module comprising seed
treatment with Imidacloprid @ 3 gm/kg seeds, spray
of pongamia oil 1% followed by Verticellium lecani @ 4
gm/l, Bt @ 1ml/l, NSKE 4%/neem insecticide 5ml/l
and Beauveria bassiana @ 2 gm/l at 10 days interval
was found effective against jassids (42.48 % protection),
whereas integrated module recorded lowest per cent
damage of shoot (5.38) and fruit (11.73).  In cowpea,

bio-intensive module comprising neem insecticide
5ml/l followed by Bt @ 2 gm/l, Beauveria bassiana 6gm/
l and Pseudomonas fluroscence @ 5 gm/l at 50 per cent
flowering sat 10 days interval proved to be most
effective with 15.62 % pod damage and was at par
with chemical module (15.63 % damage) and recorded
40.05 per cent reduction in pod borer damage.

In toxicological investigations,  study on
susceptibility of whitefly and jassids to neonicotinoid
insecticides over four years period (2010 to 2013)
indicated gradual decrease in the mortality of whitefly
to imidacloprid 17.8 SL (from 65.93 to 55.83 %),
thiamethoxam 25 WG ( from 92.72 to 69.29 %),  &
thiacloprid 21.7 SC ( from 96.25 to 74.24%). In case of
jassids the mortality decreased in imidacloprid 17.8
SL (from 95.83 to 82.29 %), thiamethoxam 25 WG (from
50 to 37.05 %), thiacloprid 21.7 SC (from 97 to 51.28 %).
Among different neonicotinoids, imidacloprid 17.8 SL
(163.7ppm) and thiamethoxam25 WG (30.4 ppm) were
least toxic and recorded 21.54 and 3.53 fold resistance,
respectively in whitefly. In case of okra jassids,
imidacloprid 17.8 SL (6.53 ppm) was found to be toxic
and acetamiprid (542.4 ppm) least toxic. High level of
tolerance was recorded to dimethoate 30 EC and
quinolphos 25 EC with LC 50 values of 151.80 and 1743.6
ppm, respectively. In brinjal, rotational strategy of
insecticide resistance management (IRM) comprising
of five insecticides, rynaxpyre @ 0.4ml/l followed by
emamectin benzoate @ 0.5ml/l, spinosad @ 1.5ml/l,
chloropyriphos @ 2ml/l and cypermethrin @ 0.5ml/l
proved to be most effective against Leucinodes orbonalis
‘with 82.36 and 80.57 % protection of shoot and fruit
damage, respectively and gave 126.81 % increase in
yield. A new diamide molecule cyntraniliprole 10 OD
(cyzapyr) @ 90 a.i. g/hac was most effective to  L.
orbonalis, E. vitella and S. litura with 90, 67 & 76 %
mortality, respectively.

Under biological control of insect pest, several
promising natural enemies like Apanteles paludicole from
Sphenerches caffer infesting bottle gourd (maximum
parasitization 40.91%), Apanteles oblique and Meteorus
sp. from polyphagous Spilosoma oblique (cumulative
parasitization 22.5%) and Diaretella rapae from Aphis
craccivora, Myzus persicae, Brevicoryne brassicae, Aphis
spiraecola and Lipaphis erysimi infesting field bean,
chillies, cabbage, brinjal and mustard were identified
as highly active under natural conditions. Host
mediated interactions of Phenacoccus solenopsis infesting
different field crops towards Verticillium lecanii and
neem oil and their 1:1 combination were noted.
Amongst tested vegetables, P. solenopsis required
highest median lethal time (LT50) when fed on okra
which were 61.07, 94.33 and 42.51 hour in case neem
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oil (5%), V. lecanii @ 5 g/l and mixture of V. lecanii and
neem oil (1:1) respectively whereas lowest LT50 values
were recorded when fed on brinjal and tomato.
Similarly, neem oil @ 5% and M. anisopliae @ 5 g/l
water found effective causing 81.33% and 75%
mortality of hadda beetle, Henosepil achna
vigintioctopunctata  after  6 DAT ,  respectively.
Combination of these duo biopesticides (1:1 ratio) was
compatible and gave 93.33% mortality. Similarly,
combination of Beauveria bassiana (5 g/l) and neem oil
(5%) (1:1 ratio) was found compatible and gave 83.33%
mortality to diamond back moth, Plutella xylostella.
Microbial insecticides viz .,  Beauveria bassiana,
Metarhizium anisopliae, Verticillium lecanii, Bacillus
subtilis (BS-2), Bacillus thuringiensis were found safe to
the egg parasitoid, Trichogramma chilonis. However, 1:1
combination with neem oil (5%) they were moderately
toxic to this parasitoid.

Under dymanics of insect pests, incidence of  fruit
fly (B. cucurbitae) in cucurbits and fruit and shoot borer
(L. orbonalis) in brinjal was highest in last week of
October i.e. 299.3 adults/trap and 2.8 adults /trap,
respectively was recorded respectively. A new record
of leaf eating caterpillar, Noorda blitealis (Lepidoptera:
Pyralidae) as fruit and seed borer in drumstick, Moringa
oleifera was made at IIVR farm.

An endophytic talc formulation H-86-NV, when
used as  seed treatment @ 10 g/kg and soil application
as 2.5 kg mixed with well decomposed FYM 50 kg/ha
showed >50% reduction in damping off in  tomato.
Investigations on mycelial inhibition by chemicals
revealed that tebuconazole and copper hydroxide were
capable of inhibiting 100% of mycelial growth of both
Sclerotium rolfsii and Pythium aphanidermatum even at
0.1% concentration.

Under bioprospecting of microorganisms, out of
32 microbes isolated ( 14 from bottle gourd and 18 from
bitter gourd) the isolate BG-11 inhibited the mycelia
growth of Alternaria sp to the extent of 38.88 % over
control  while the isolate BG-20 prevented the mycelia
growth of Pythium sp. to the extent of 54.05 % under in
vitro conditions.

An entomopathogenic fungus, I. farinosa, causing
natural epizootics on whitefly of brinjal crop grown
under polyhouse was isolated, characterized and the
nucleotide sequence data was deposited in GenBank

(Acc. No. KJ013353). Preliminary investigation on the
efficacy of I. farinosa against adult whiteflies recorded
per cent mortality between 26.66 – 86.66. Two fungal
pathogens viz., Alternaria tenuissima and Fusarium
oxysporunm f. sp. melonis were isolated from cucumber
plants, and after analysis of IGS nucleotide sequences,
they were deposited in GenBank to obtain the accession
No.s KJ396947 and KJ628310.

Out of sixty seven phylloplane bacterial
isolates, three isolates Plb-7, Plb-29 and Plb-33 were
found antagonistic to bacterial spot pathogen of
tomato, Xanthomonas axonopodis pv vesicatoria. Out of
these Plb-29 was found most effective as it had a
superior multiplication ability and antagonistic
activity. Pre, co and post inoculation of SA has a
significant effect on the reduction of black rot of cabbage
as compared to Acibenzolar S-methyl (Bion), the
standard check and untreated control

Under plant virology,  complete genome DNA A
sequence of virus isolate infecting eggplant was
determined to be 2793nts (JX311468) with a typical
genome organization of other old world  monopartite
begomoviruses comprising two open reading frames
(ORFs) [AV1 (CP), AV2] in virion-sense strand and four
ORFs [AC1 (Rep), AC2, AC3, AC4] in complementary-
sense strand, separated by an intergenic region (IR)
suggesting  that, the virus infecting eggplant is an
isolate of Tomato leaf curl Joydebpur virus( ToLCJoV).
The complete nucleotide sequence of betasatellite from
eggplant was determined to be 1352 bp in length
(JX311469). When the infected samples (ash gourd,
bottle gourd, chilli, cowpea, cucumber, french bean,
garlic, musk melon, onion, tomato and water melon)
were subjected to  DAC-ELISA with virus specific
antibodies such as Groundnut bud necrosis virus (GBNV),
Capsicum chlorosis virus (CaCV) and Watermelon bud
necrosis virus (WBNV) it was found  that all the samples
were reacted positive for the GBNV, except CaCV
(specific to chilli) and WBNV (specific to watermelon).

Among thirteen bacterial isolates tested under in-
vitro condition for their antagonistic activities against
root-knot nematode, M. incognita, maximum mortality
of juveniles was recorded with isolate BG-18 (36.7%)
followed by Bg-11(32.5%).Aqueous extracts of neem
leaves recorded 100 % mortality of M. incognita when
exposed up to 48 h.
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Characterization, evaluation and screening
of germplasm
Tomato: Thirty seven lines including LA4066, LA0490
and LA4082  introduced from Tomato Genetic Resource
Center (TGRC), USA were successfully multiplied. The
stable lines among recombinant inbred lines of cross
Punjab Chhuhara and VRT-88-78-1 carrying Ty-2 and
Ty-3 genes were included in the germplasm collection
of the institute.

MEGA PROGRAMME 1 : INTEGRATED
GENE MANAGEMENT
Programme Leader : Major Singh

SUB PROJECT: 1.1: Management of
Vegetable Genetic Resources Including
Under-Utilized Crops

Shailesh K Tiwari, DR Bhardwaj, H Lal, N Rai, Sudhakar
Pandey, Rajesh Kumar, SK Sanwal, HC Prasanna, PK
Singh, T Chaubey, BK Singh, YS Reddy, P Karmakar

Augmentation of germplasm
A total of 613 accessions including cultivated

species and their wild relatives across an array of 51
major and minor vegetable crops were augmented
through import and inland explorations. These
includes tomato (37) from TGRC, USA; brinjal (31), bitter
gourd (10); bottle gourd (10); sponge gourd (14) from
AVRDC, Taiwan; chilli (27) from  AVRDC, Taiwan and
New Jalpaigudi; okra (226) from AVRDC, Taiwan &
NBPGR Regional Station, Thrissur; cauliflower (6)
from Rajasthan, UP and Delhi; cucumber (36) from
NBPGR Regional Stations Trissur and Jodhpur, musk
melon (20) from Varanasi,  Mirzapur, Bihar and
Jharkhand, pointed gourd (3) from Jharkhand; snake
gourd (4); ridge gourd (7) from Bihar, W.Bengal and
Odisha; satputia (7) from Bihar, Sikkim, Odhisha; ivy
gourd (2) from Odisha; longmelon (4) from Rajasthan,
Haryana and  UP; watermelon (5) from Rajasthan, West
Benjal, UP and  Odhisha; round melon (6) from Punjab,
Haryana and Delhi; kakrol (6) from West Bengal,
Sikkim, kartoli (4) from Rajasthan and Bihar; French
bean (26) from M/s Monsanto Holding Pvt Ltd,
Mumbai  and Mizoram; cowpea (3) from Kshyang and
Kalingpang; radish (9) from Punjab, Sikkim, Odhisha;
carrot (8) from Rajasthan, Haryana, Punjab, UP and
Bihar; vegetable soyabean (38) from NRC Soybean
Indore, HP, Uttrakhand and Sikkim; faba bean (14) from
UP, Bihar and Manipur; water spinach (3) from
Odhisha, West Bengal and Amaranth Sp (8) from West
Bengal, Sikkim, Bihar and UP. One each in Aerva lanata,
Amaranthus viridis, Anisochilus carnosus, Antidesma
acidum, Basella alba var. rubra, Brassica napus, Cassia
occidentalis, Cassia tora, Chenopodium album, Corchorus
aestuarus, Eclipta prostrate, Ipomoea aquatic, Malva
sylvestris var.  mauritiana,  Murraya koenigii, Oxalis
corniculata, Portulaca oleracea, Trianthema portucastrum,
Trigonella corniculata, Urena sinuate, Vicia sativa ;  two
each in Basella alba, Basella alba var. alba, Celosia argentea,
Cleome viscosa,  Coriandrum sativum, Melochia
corchorifolia; three each in Lathyrus sativus, Spinacia
oleracea,  Trigonella foenum graecum, Hibiscus (5)

Chorcorus (7), Amaranthus  blitum (10), Amaranthus
caudatus (14), Amaranthus dubius (16), Amaranthus
hybridus (19), Amaranthus oleraceous (23) have been
collected from Odisha.

Maintenance, characterization and screening
of germplasm, breeding stock and varieties
Maintenance of wild and related species:  A total of
625 accessions of wild and related species of various
vegetable crops are being maintained at the
institute. The list of wild and related species maintained
(Table 1).

Table 1. Wild and related species maintained at IIVR,
Varanasi

Crop Wild and related species 
Brinjal Solanum incanum, S. torvum, S. gilo, S. 

khasianum, S. aethiopicum, S. anguivi, S. ferox, 
S. laciniatum, S. lasiocarpum, S. macrocarpum, S. 
sisymbrifolium, S. surattense, S. undatum, S. 
viarum, S. villosum, S. xanthocarpum and S. 
nigrum 

Tomato Solanum hirsutum, S. pimpinellifolium, S. 
peruvianum, S. ceraseforme, S. chilense, S. 
chemalwskii, S. neorickii, S. arcanum, S. 
cheesmaniae, S. peruvianum,   S. glandululossum 

Chilli Capsicum chinense, C. frutescens, C. baccatum, 
C. chacoense, C. eximium, C. galapagoense, C. 
pubescens C. tovarii, C. annuum x C. furtescens, 
C. chinense x C. furtescens 

Cucumis spp. C. melo var. agrestis, C. propheterum, C. 
trigonus, C. melo var. conomon, C. hardwickii, C. 
melo var chate 

Okra Abelmoschous angulosus, A. manihot, A. 
moschatus, A. tetraphyllus, A. caillei, A. canaf, A. 
tuberculatus, A. ficulneus, A. manihot var. 
tetraphyllus, A. enbeepeegeerense, A. tetraphyllus 
var pungens, A. crinitus, A. moschatus sub sp 
tuberosus 

Trichosanthes sp.  Trichosanthes sp. 
Momordica sp. Momordica dioica, M. cochinchinensis, M. 

muricata  
Amaranth sp. Amaranthus  blitum, Amaranthus caudatus, 

Amaranthus dubius, Amaranthus hybridus, 
Amaranthus oleraceous, Amaranthus spinosus 
Amaranthus tricolor, Amaranthus viridis 

Fenugreek  Trigonella corniculata 
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Brinjal: Two hundred and thirty germplasm were
evaluated for earliness, quality and yield. The
promising lines were utilized in breeding program to
developed hybrids. Trait-wise promising genotypes are
given in the table 2.

Table 2: Promising genotypes of brinjal
Characters Genotypes 
Earliness (days to 
50% flowering) 

Pusa Purple Long (61.24), Nurkee 
(62.34), DRNKV-02-104 (66), Uttara 
(67.4), Pusa Upkar (69.46) 

Fruits/Plant (No.) MEBH-39 (16.36), Punjab Barsati (18), 
RCMDL-49 (19), Arka Nidhi (23), PLR-
1 (26), DRNKV-02-104 (58) 

Average fruit 
weight (g) 

Pusa Ankur (220 g), PR-5 (225 g), CH-
215 (238 g) Pusa Upkar (280 g) 

Yield/plant (kg) BR-14 (2.43), DRNK-02-104 (2.7), 
Jawahar Brinjal-64 (3.25) 

 
Chil li:  Two hundred fifty accessions were
morphologically characterized for 45 traits as per
minimal descriptors. An excessive moisture tolerant
genotype EC-538346 has been identified (Figure 1)
Maintenance of the released varieties and parental lines
was done and seeds have been enhanced.  The
promising accessions of chilli are given in table 3.

Cowpea: A total number of 362 cowpea germplasm
lines were maintained. In addition, 3 new genotypes
were collected and evaluated during kharif, 2013 (Table
4). All the genotypes exhibited pole type growth,
however, the maximum number of branches per plant
was recorded in genotype Kshyang AC-2 (5.3) followed
by Kshyang AC-1 (5.0). Kshyang AC-1 took minimal
days to 50% flower (50.7 DAS) followed by Kalingpang
AC (56.3 DAS). The longest peduncle was found in
Kalingpang AC (37.8 cm) followed by Kshyang AC-2
(26.0 cm). The maximum number of peduncles and
pods per plant was obtained from genotype Kshyang
AC-1 (12.7 and 10.6). Similarly, longest pod was
obtained from Kshyang AC-1 (23.0 cm) followed by
Kalingpang AC (18.6 cm). The heaviest pod was
produced by Kalingpang AC (6.8 g) followed by
Kshyang AC-1 (6.3 g). The maximum number of seeds
per pod was recorded in Kalingpang AC (11.4) followed
by Kshyang AC-1 (10.2). The highest pod yield per
plant was obtained from Kshyang AC-1 (73.48 g)
followed by Kalingpang AC (51.36 g).

French bean:  One hundred seventy-nine genotypes of
French bean were evaluated. The genotypes were
categorized into various groups such as growth habit
(bush type-46.5% and pole type-53.5%), colour of
standard (white-24.2, pinkish white-28.8%, pink-40.5%
and violet-6.5%), pod shape (round-21%, semiround-

Table 4: Performance of three new genotypes of cowpea
 
Genotypes 

Plant 
height 
(cm) 

Branches/ 
plant 

Days to 
50% 

flower 

Peduncle 
length (cm) 

Peduncles/
plant 

Pods/ 
plant 
(No) 

Pod 
length 
(cm) 

Pod 
weight 

(g) 

Seeds/ 
pod 

Pod yield 
(g/plant) 

Kalingpang AC 283.2 4.8 56.3 37.8 7.2 6.8 18.6 6.8 11.4 51.36 
Kshyang AC-1 390.0 5.0 50.7 20.8 12.7 10.6 23.0 6.3 10.2 73.48 
Kshyang AC-2 308.7 5.3 58.3 26.0 6.8 8.5 14.7 4.7 7.8 42.62 

 

Figure 1: EC-538346, excessive moisture tolerant chilli
genotype  

Figure 2: VRFBP-14 (IC-595238) an anthocyanin rich French
bean genotype

Table 3: Promising accessions of chillies for
economical traits

Traits Accessions  
Earliness (days to 
first harvesting, 52 
DAT) 

C00-265, IC-413762, PBC-1512, EC-519636 

Fruit No./plant IC-41370 (214.33), AKC-89/38 (157.33), 
PBC-904 (128.33), LCA-235 (126.67), JCA-
283 (117.33) 

Yield per plant (g) EC-341044 (645.82), EC-519632 (642.86), 
DC-4 (630.04), SM-12 (621.25), EC-119457 
(612.36) 

Capsaicin content 
(%) 

NG-3 (7.31), NG-8 (5.87), NG-2 (3.65), NG-5 
(2.86), NG-6 (2.88), BS-35 (2.27) 

Anthracnose 
resistance 

NG-2, IC-383072, NG-8,  BS-35 
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Table 6: Characterization of the indegenous and exotic collections of bottle gourd

Table 7: Promising accessions in bottle gourd

56% and flat-23%) and uses (vegetable type-23% and
dry seed type-77%). Purple podded genotype VRFBP-
14 (pole type, IC595238) possessed 30-55% higher
antioxidant activity than the green podded genotypes
because of the presence of anthocyanin in pods (Figure
2). A total of 26 new germplasm were added to genetic
stocks, including 21 from M/s Monsanto Holding Pvt
Ltd, Mumbai and five from ICAR-RC-NEH Region,
Mizoram Centre, Kolasib, Mizoram.

Bitter gourd: Accession VRBTG-555/13 possessed
higher yield (810.0 g/plant), fruit length (15.0 cm),
attractive spiny fruits, along with long duration
fruiting, and partial field resistance to leaf distortion
mosaic virus (Table 5). Twenty three genotypes were

EC lines  Types Fruit Wt.  
(g) 

Length  
(cm) 

Circumference 
(cm) 

Traits of exotic collection 

EC750694 Long 500.0 34.0 22.0 Shape, size and inferior quality 

EC750695 Long 625.0 36.0 22.0 Shape,  size and inferior quality 

EC750697  Long (VS) 350.0 29.0 23.0 Shape,  size and inferior quality 

EC750698 Round (S) 400.0 27.0 25.0 Fruits are crisp and tasty 

EC750699 Round 750.0 21.0 45.0 Shape,  size and inferior quality 

IC594542 Long 700.0 31.0 28.0 Shape,  size and inferior quality 

IC594544 Flatty  (R) 900.0 22.0 45.0 Very early (52 days after sowing) 

IC594545 Flatty (R) 775.0 17.5 20.0 Shape,  size and inferior quality 

IC594588 Long 800.0 38.0 24.0 1st harvest 93 days, crookneck 

 

Germplasm  Types Length 
(cm) 

Circumference 
(cm) 

Fruit Wt. (g) Promising genotypes 

Shape 

 Cylindrical (Gutka type) 30.0-32.0 20.0-30.0 550.0-700.0 VRBG-5, VRBG-33, VRBG-55 

 Cylindrical (long type) 32.0-38.0 27.0-32.0 650.0-850.0 VRBG-25, VRBG-59, VRBG-66, VRBG-63 

 Oblong 21.0-25.0 39.0-45.0 750.0-900.0 VRBG-18, VRBG-10, VRBG-9 

 Round 21.0-24.0 27.0-40.0 500.0-750.0 VRBG-34, VRBG-37, VRBG-14, VRBG-51 
and VRBG-19 

Green striped VRBGWIN-6 36.0 39.0 1200 Long, straight and dot striped 

 VRBG-69 28.0 48.0  Oblong  and dot striped 

 

Genotype Quality and horticultural traits Mosaic 
Incidence (%) 

VRBTG-12 Partial field resistance to leaf 
distortion mosaic virus, 
medium green fruit and high 
yield (2.10 kg/plant) 

6.6 

VRBTG-
555/13 

Partial field resistance to leaf 
distortion mosaic virus medium 
green fruit and high yield 
(810 g/plant) 

5.3 

 

Table 5: Promising accessions in bitter gourd

screened for leaf mosaic virus in natural field condition
for leaf at 10 point scale. Only 2 genotypes i.e. VRBTG-
12 (6.6) and VRBTG-555/13 (5.3%) were found least
susceptible to mosaic and selected for breeding
programme.

Bottle gourd: In bottle gourd,  nine genotypes
includuing IC594544 were characterized and IC594544
was selected very early flowering (52 DAS). A late
fruiting line IC594588 (1st harvest 93 days and
crookneck) was selected for use in breeding programme
(Table 6&7). EC750698 bear crisp and tasty fruits.

Pointed gourd: A total of 85 clones of pointed gourd
were evaluated during summer and rainy season of
2013 for yield contributing traits. The evaluated clones
showed considerable variation for the days required
to 1st flower (71.00- 87.45), number of node at 1st harvest
(7.20-15.15), inter-nodal length at first harvest (8.35 -
14.81 cm), fruit length (4.5 -12.85 cm), fruit diameter
(3.78-5.59 cm), fruit weight (16.00-51.25 g), number of
fruits per plant (49.00-310.00) and weight of fruit per
plant (3.91-13.20 kg) in Table 8. On the basis of yield
performance VRPG-103 (13.20 kg/plant) (Figure 3)
and VRPG-21 (11.65 kg/plant) were selected for
validation.
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DFF- Days to first flowering, NNFH- Number of node at first harvest,
INLFH- Internodal length at first harvest (cm), FL- Fruit length
(cm), FD- Fruit diameter (cm), FW- Fruit weight (g), NFP- Number
of fruits per plant, WFPP- Weight of fruit per plant (kg)

Muskmelon: Twenty germplasm of muskmelon were
collected from Uttar Pradesh, Bihar and Jharkhand.
The fruit length of collected germplasm ranged from
10.50-19.20 cm. Fruit diameter varied from 8.50 cm to
14.60 cm, while fruit weight ranged from 210 g to
575 g.

Cucumber: Out of 36 accessions evaluated, four were
identified as melon type. Most of the accessions were

severely affected by the viral diseases and failed to set
fruit. These accessions were screened by serological
method (ELISA) using GBNV and CMV polyclonal
antibodies (Table 9). These accessions were diagnosed
for the groundnut bud necrosis virus (GBNV) and
cucumber mosaic virus (CMV).

Table 9: Screening of cucumber lines by serological
method (ELISA) using GBNV and CMV polyclonal
antibodies

Figure 3:  A promising genotype of pointed gourd (VRPG-
103)

Particular  DFF NNFH INLFH FL FD FW NFP WFPP 
Mean  80.50 11.62 9.56 9.86 4.50 36.57 215.10 7.27 
Minimum  71.00 7.20 8.35 4.5 3.78 16.00 49.00 3.91 
Maximum 87.45 15.15 14.81 12.85 5.59 51.25 310.00 13.20 
Deviation 
(fold) 

1.23 2.10 1.77 2.85 1.47 3.20 6.32 13.20

 

Table 8: Genetic variability in pointed gourd

Sponge gourd: Among the  84 lines evaluated, VRSG-
49-1, VRSG-214, VRSG-182, VRSG-7/10, VRSG-152,
VRSG-197, VRSH-179, VRSG-140, VRSG-107 and
VRSG-108 showed tolerance to downy mildew under
field condition while, VRSG-194 and VRSG-214 were
free from virus disease symptoms. Other morphological
characters are presented in table 10.

Carrot: One hundred six genotypes of tropical carrot
were evaluated that  varied significantly for gross plant
weight (57.8-280.5 g), shoot weight (13.8-114.0 g), no.
of leaves/ plant (4.7-14.7), leaf length (24.9-82.0 cm),
shoulder diameter (2.7-5.2 cm), root length (13.4-26.5
cm) and root weight (30.5-183.6 g) (Figure 4).

S. 
No. 

C. 
hardwickii 
accession 

no. 

ELISA S. 
No 

C. hardwickii
Accession 

No. 

ELISA
GBNV CMV GBNV CMV 

1 IC-550193 - ++ 15 IC-336276 ++ ++ 
2 IC-550179 - ++ 16 IC-256188 ++ ++ 
3 IC-248351 - ++ 17 IC-557157 ++ ++ 
4 IC-285454 - ++ 18 IC-248181 ++ ++ 
5 IC-557158 - ++ 29 IC-256227 - ++ 
6 IC-469551 ++ ++ 20 IC-256248 ++ ++
7 IC-331631 ++ ++ 21 IC-336255 - ++ 
8 IC-550183 ++ ++ 22 IC-285515 ++ ++ 
9 IC-421736 ++ ++ 23 IC-280185 ++ ++ 
10 IC-248263 - ++ 24 IC-469591 ++ ++ 
11 IC-248349 - ++ 25 IC-469309 ++ ++ 
12 IC-248323 - ++ 26 IC-336232 ++ ++ 
13 IC-243339 - ++ 27 IC-469566 ++ ++ 
14 IC-248275 - ++ 28 IC-256271 ++ ++ 
 

Table 10: Promising genotypes in sponge gourd

Genotypes Fruit colour Fruit Length 
(cm) Fruit width (cm) Fruits/ plant Average fruit 

wt. (g) 
Yield/ plant 

(kg) 
VRSG-91 Green 23.56 3.48 9 140.00 1.260 
VRSG-97 Green 20.76 3.26 10 90.00 0.900 
VRSG-11 Whitish 20.30 3.3 8 126.00 1.008 
VRSG-64 Green 19.14 3.2 8 90.00 0.720 

VRSG-49-1 Dark Green 23.26 3.9 13 140.00 1.820 
VRSG-2/12 Green 23.26 3.9 12 140.00 1.680 
VRSG-214 Green 20.5 3.44 14 110.00 1.540 
VRSG-69-1 Green 21.3 3.58 11 112.00 1.232 
VRSG-10 Green 22.1 3.1 11 120.00 1.320 
VRSG-136 Green 20.92 3.82 13 110.00 1.430 
VRSG-171 Green 24.44 3.62 10 140.00 1.400 
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Figure 4. Variability among carrot genotypes

Radish: Significant variability was observed among 128
genotypes for various quantitative traits such as gross
plant weight (66.8-368.9 g), shoot weight (30.2-215.6
g), no. of leaves/ plant (8.9-15.4), leaf length (31.5-49.6
cm), shoulder diameter (1.6-3.6 cm), root length (10.6-
28.7 cm) and root weight (33.7-168.7). VRRAD-130 for
red exterior and pink xylem; VRRAD-131-2 for pink
exterior; VRRAD-130-3 and VRRAD-130-2 (Figure 5)
for purple exterior; VRRAD-4-1 and VRRAD-150 for
white exterior were identified.

Germplasm supplied
Germplasm maintained at the institute were

supplied to various organizations for research and
demonstration purpose after signing of the Material
Transfer Agreement (MTA).  A total of 306 in tomato,
brinjal (221), chilli (153), ridge gourd (25) okra (69),
cowpea (28), cauliflower (148), cucumber (10), ash
gourd (23), muskmelon (2)  and one each in pumpkin
and Indian bean have been supplied to different
organization  such as AICRP (Nematodes), New Delhi,
Aligarh Muslim University, Aligarh, Banaras Hindu
University, Varanasi; Bihar Agriculture University,
Sabour; Central Agricultural University, Umiam;
Barapani, Dr.  Babasaheb Bhimrao Ambedkar
University,  Lucknow; Dr. YSR, Horticultural
University, Kadappa (A.P.); IIHR, Bangaluru; Kerala
Agricultural University; Vellanikkara, KRC College of
Horticulture, Belgam, Karnataka; KVK, JNKVV,
Jabalpur; KVK, Yachuli, Arunanchal Pradesh;
MGCGV, Satna; NDUA&T, Faizabad; NHRDF, Deoria;
SHIATS, Allahabad; Swarna Seeds, Kolkata;Tamil
Nadu Agricultural University, Coimbatore and
University of Horticulture Science, Bagalkot.

SUB PROJECT: 1.2: Genetic Improvement of
Solanaceous Vegetables

Major Singh, N Rai, Rajesh Kumar, SK Tiwari, YS Reddy,
RS Gujjar, AB Rai, M Loganathan, B Mahesha, C
Sellaperumal and Satyendra Kumar Singh

TOMATO
Screening for collar rot and early blight:  Thirty
genotypes were screened under screen house
conditions, the    genotypes viz; EC-786252, EC-520061,
WIR-3928 and H-88-78-1 showed highly resistant
disease reaction to collar rot  and EC-520078 and WIR-
3928 expressed  resistant reaction to early blight  caused
by Alternaria solani (Figure 6).

Figure 5: A promising genotype of radish: VRRAD-130-2

Figure 6: Screening against collar rot (Alternaria solani)
in tomato.

Traits Promising accessions 
Earliness and 
high yield 

VRSEM-1(First picking: 124DAS; Yield:  3.6 kg/ 
plant), VRSEM-904 (First picking: 128  DAS; Yield:  
4.9 kg/ plant ) 

DYMV 
tolerant lines 

VRSEM-797 and VRSEM-887 

Green with 
purple line 

VRSEM-805, VRSEM-836, VRSEM-704  and RP-08-
32 

White VRSEM-932, VRSEM-835, VRSEM-863 and 
VRSEM-768 

Green VRSEM-900, VRSEM-800, VRSEM- 881 and 
VRSEM-730 

 

Indian bean: A total of 25 pole type germplasm were
maintained, and evaluated for earliness, yield and pod
quality. Promising genotypes are given in table 11.

Table 11: Promising genotypes of Indian bean
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Screening for late blight :  A total of 512 genotypes
were screened for late blight caused by Phytophthora
infestans. Four (EC-786259 (Ph), EC-786265 (Ph-2), EC-
786266 (Ph-2 ) and EC-786275 (Ph-3 )) accessions
reportedly containing late blight resistance genes
introduced from TGRC, USA were also included in the
screening. Screening was done on the basis of disease
severity scale (Figure 7). Genotypes with disease
severity scale 5 (61–90 % of leaf area affected and/or
with expanding stem lesions) and above were rejected
and remaining 25 genotypes were selected for further
study.

786267) had minute gall like projections with brownish
necrosis reaction. For further confirmation acid fuchsin
staining was performed with the inoculated roots of
EC-786267 and EC-786262 and found the presence of
female nematodes and egg mass (Figure 8).

Enzymatic activities in tomato harvested at different
stages of fruit development: Fruit development and
ripening are unique to plants and represent an
important component of human and animal diets and
reactive oxygen species generation due to climatic and
non-climatic changes have serious implication on their
overall developmental phase. However, as in other
model systems, there is relatively little information
available about changes of proteins and enzyme
activities in tomato fruit. So, the present study was
conducted to know stages at which maximum and
minimum ROS generation take place and level of
antioxidants in green, breaker, turning, pink, light red
and red ripe stages in DVRT-1 and EC-520078 fruits.
There was a general decrease of the activities of
enzymes at all the stages in both the genotypes.
However, the maximum free radical (hydrogen
peroxide and superoxide ion) formation was recorded
at pink and light red stages in both the genotypes. The
enzymatic activities like catalase and superoxide
dismutase were maximum at light red and red ripe
stages, whereas ascorbate peroxidase showed
maximum at breaker stage and glutathione reductase
showed the highest activity at turning stage followed
by breaker stage.

Hybridization and generation advancement: Made
08 cross combinations (F1s) for transfer of gene
responsible for high TSS, lycopene and ascorbic acid.
A total of 123 cross combinations of different
generations were advanced and selected 108 superior
segregants like 10 (F8- F9), 20 (F7- F8), 8 (F6-F7), 33 (F5- F6),
30 (F4- F5) and 07 (F2- F3) for high yield and TLCV
tolerant under field condition.

Advance lines for Testing: Three advance line namely
Tamatar-4, 7 and 8, having tolerance to TLCV and yield
potential of 6.0 kg, 6.5 kg and 5.0 kg per plant have
been developed by hybridization between Sikkim Local
X DVRT-2, Arka Vikas X H-88-78-1 and Taura Local X
H-88-78-2, respectively.

High  carotene lines: Twenty high  carotene lines
derived from Solanum lycopersicum X S. pimpinellifolium
L. or S. herbochaites   were isolated from segregating
populations and evaluated. The highest beta carotene
was estimated in line TBCL-29 followed by TBCL-1
(Table 12).

Figure 7: Field screening against late blight (Phytophthora
infestance) in tomato.

Screening against root knot nematode (Meloidogyne
incognita): Thirty nine genotypes including four
introduced lines reportedly containing Mi/Mi-9 were
screened against RKN.  H-88-78-1 showed immune
reaction while Hissar Lalit showed resistance. Two
Mi containing introduced lines (EC-786262 and EC-

Figure 8: Root system of nematode infected EC – 786262  A
– Small portion of root system of EC – 786262 with small
gall like projections with brownish necrotic reaction. B –
Acid fushcin stained roots of EC – 786262 and EC – 786267
with adult female of nematode and eggs in EC – 786267
(C&D)
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Table 12: Promising high  carotene lines

Table 15: Performance of brinjal hybrids

Lines Fruits / 
plant 

Lycopene 
(mg/100g) 

 carotene 
(mg/100g) 

TSS 

TBCL-1  23 0.29 1.34 5.4 
TBCL-15 87 0.28 1.27 5.9 
TBCL-29 66 0.72 1.48 6.1 
TBCL-30 74 0.18 0.89 7.3 
 

  Lines  Fruits/plant Fruit 
weight 

(g) 

Fruit 
length 
(cm) 

Fruit 
width 
(cm) 

CT-1 137 17 2.8 3.1 
CT-2 121 21 3.1 3.3 
CT-4 85 25 2.3 2.7 
CT-5 78 19 2.1 2.5 

S.N. Genotype  Fruit wt. 
(g) 

Fruit per plant Yield / plant  
(kg) 

1 IC- 344517 500 5 2.650 
2 IC-112322 110 13 1.420 
3 IC-249349 250 6 1.450 
4 IC-261818 130 17 2.360 
5 IC-112736 180 35 7.150 
6 IC-112747 225 16 1.950 
7 IC-299344 250 23 3.800 
 

Figure 9: Promising lines for Carotene in Cherry type
tomato (A) TBCL-29; (B) TBCL-1 and (C) CT-1

(A) (B) (C)

Five cherry type tomato designated as CT-1, CT-
2, CT-4 and CT-5 derived from Solanum lycopersicum L
X S. pimpinellifolium or S. herbochaites   were isolated
from segregating populations and evaluated. The
highest yield (table 13) was harvested from cherry type
tomato line CT-1 (137 fruits/plant)

Table 13: Promising cherry tomato lines

BRINJAL
Germplasm evaluation: A set of 7 accessions were
introduced through NBPGR, New Delhi and from other
sources. The genotype IC- 344517, IC-112322, IC-
249349, IC-261818, IC-112736, IC-112747, IC-299344
recorded high number of fruit per plant and high
yield/plant  (table 14). The selfed seed of the accessions
have been collected for use in breeding programme.

Table 14: Yield related traits of brinjal germplasm

Evaluation of hybrids: Twenty one F1 hybrids were
evaluated for earliness, yield and quality traits. Yield
parameters of some promising hybrids in different
segments are given in table 15.

IVBHL-20, a promising hybrid was identified in
purple coloured medium long fruit segment with bushy
growth habit (Figure 10. The plant bear 50-55 small,
soft and shiny fruits per plant with less seeds; suitable
for kalaungi preparation. It has an average fruit weight
is 60 g and yields 3-3.5 kg per plant.

Figure 10 : IVBHL-20: a promising hybrid

Hybridization and generation advancement: Under
distant hybridization programme, forty two inter-
specific crosses were attempted utilizing seven
cultivars (Kashi Uttam, Pant Rituraj, PR-5, Punjab
Barsati, Uttara, CHBR-2 and IVBL-22) and three related
wild species viz. S. incanum, S. khasianum, and S. gilo.
The inter-specific crosses developed last year did not
yield mature fruits with seeds. In cultivated brinjal, 27
cross combinations in purple long segment and 64
cross combinations in purple round segment have been
attempted utilizing promising parental lines. A total
of 278 segregating populations (F2:33; F3:20; F4: 51; F5

34; F6: 58; F7: 35; F8: 23 F9: 14 and F10:10) were advanced
to subsequent generation.

Evaluation of RILs :  Genotyping of 114 RILs
was done using 24 SSR primers which were
polymorphic among parental line of the RIL population
(Figure 11).  Further, to identify more polymorphic loci
among parental lines, the transcriptome data obtained
from Illumina Hiseq2000 of a pool obtained from
pooling of various tissues were analysed. The details
of the transcriptome sequence information are given in
the table 16.

S. 
No 

Code of Hybrid Segment Average 
fruit 

weight (g) 

Fruits/
plant 
(No.) 

Yield
/plant 
(kg) 

1 IVBHR-15 Purple round 220 22.32 4.430 

2 IVBHL-20 Purple long 60 51.66 3.250 

3. IVBHO-25 Purple oblong 115 32.42 3.725 

4 Kashi Komal (C) Purple long 81.66 37.27 2.900 

5 Pusa Hybrid-6 (C) Purple round 190.24 14.86 2.850 
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Figure 11 : Polymorphism pattern generated by SSR
primer CSM 31. Lane M: 100 bp ladder, Lane 1: Ramnagar
giant (S. melongena), Lane 2: W4 (S. incanum).

Table 16: Basic information from the transcriptome
sequence of Ramnagar Giant and S. incanum

17). Genotype EC-538346 (IIVRC-333; 904) was found
tolerant to excessive moisture condition up to 120 hours
when submerged in water compared to Punjab Lal.

Evaluation of intra- and interspecific F1 hybrid : In
order to develop prebreding lines and promising
hybrids, a total number of 95 F1 hybrids developed
during previous year  were evaluated for
morphological, biochemical and yield related traits.
The crosses were developed involving elite recipient
lines and interspecific derivatives, e.g., accessions of
Bhut Jolokia, and other promising pollen parents for
resistance to leaf curl disease, anthracnose and
pungency. Per se performance and heterosis over better
parent of the crosses were estimated and selected
combinations along with heterosis over check (Kashi
Surkh) for different traits are given in Table 18.

Table 18. Promising F1 hybrids for different yield
traits in chilli

Features Ramnagar 
Giant 

S. incanum 
(W4) 

High quality reads 100581586 100318550 
Transcriptome length (bp) 149498096 147728785 
Total size of examined 
sequences (bp) 

73634990 
(~73MB) 

73796620 
(~73MB) 

Single nucleotide variations 2929 2964 
Simple sequence repeats 9839 10235 
Polymorphic SSRs identified 
between both accessions 

536 

 

Traits F1 hybrids (% heterosis over 
check Kashi Surkh) 

Days to 50% 
flowering 

A1 x Pant C1 (-7.32), A7 x PBC 904 
(-4.88), A8 x PBC 904 (-2.88) 

Fruit diameter F5-112 ×  NG-3 (34.92), A1 × VR 
339 (22.22), A2 x VR 339 (7.94) 

Fruit weight A2 x VR 339 (87.50), F5-112 ×  
NG-3  (66.67), PBC-904 x NG-3 
(36.67) 

Fruits per plant A7 x VR 339 (252.81), F5-112 ×  
NG-3 (76.88), PT-12-3 x NG-2 
(64.14) 

Ascorbic acid 
(mg/100g FW) 

A1 × Kalyanpur Chanchal (189.69), 
A2 × Pusa Jwala (178.03), Pusa 
Jwala  × EC-519636 (172.28) 

Fruit yield 
(q/ha) 

A8 x VR 339 (129.83), A7 x VR 
339 (98.46), F5-112 ×  NG-3 (94.79) 

 

Maintenance breeding: Seeds of Kashi Sandesh (600
g), Kashi Komal (250 g), Kashi Prakash (500 g), Kashi
Taru (600 g) and Kashi Uttam (600 g) were multiplied
for distribution to farmers and for multi-location
demonstration/evaluation by public and private
organizations. Parental lines of the hybrids viz: PR-5
(400 g) and IVBL-22 (400 g) were also multiplied.

CHILLI
Three hundred fifty two accessions of Capsicum

species containing pungent, paprika,  wild,
interspecific derivatives and male sterile lines were
maintained. General descriptive statist ics for
quantitative traits of these 250 lines are presented (Table

Table 17. Descriptive statistics of 250 accessions of chilli

Parameters Leaf len. 
(cm) 

Fruit len. 
(cm) 

Fruit diam. 
(cm) 

Fruit stalk 
(cm) 

10 Fruit wt.  
(g) 

Fruit No. Yield 
(q/ha) 

Plant Ht. 
(cm) 

Seeds/ 
fruit 

1000 
seed wt (g) 

Mean 5.57 7.43 1.23 3.06 56.16 48.97 79.76 65.15 79.50 5.24 
SD 1.00 2.37 0.43 0.48 38.62 28.27 31.67 12.19 27.44 1.88
SE 0.06 0.15 0.03 0.03 2.44 1.78 0.13 0.77 1.73 0.11 
Median 5.46 7.23 1.11 3.10 46.17 44.67 59.80 66.00 75.20 5.05 
Mode 4.77 8.84 1.00 3.19 48.33 21.67 30.37 59.67 73.00 4.52 
CD 0.17 0.42 0.07 0.08 6.77 4.94 0.97 2.14 4.80 0.31 
CV% 17.91 31.97 34.89 15.58 68.77 57.73 115.13 18.70 34.51 35.83 
 

Screening chillies for anthracnose resistance: Twenty
five chilli genotypes were screened for anthracnose
resistance with five isolates of three Colletotrichum
species (two of each C. capsici, C. gloeosporioides and
one C. acutatum). The response for various isolates
varied with genotypes. Thirteen accessions were
resistant to isolate C. capsici (Punjab Lal, CM-334, Pant
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C1, PBC-904, Taiwan-2, COO-309, PBC-535, NG-2, IC-
383072, NG-8,  PBC-81, EC-519636, BS-35), four
genotypes found resis tant for isolate of C.
gloeosporioides and eight were resistant against isolate
of C. acutatum. Genotypes NG-2, IC-383072, NG-8, BS-
35 were found resistant against all the three species of
Colletotrichum and these four were also free from leaf
curling under natural conditions (Figure 13).

Evaluation for capsaicin content: Capsaicin content
in 37 genotypes varied from 0.01 (A9) to 7.39 (NG-3)
percent with a median value of 0.79. In general, greater
amount of capsaicin was recorded in the accessions of
Bhut Jolokia, e.g., NG-3, NG-8 and NG-6 (Table 19 and
Figure 14).

Table 19. Capsaicin content of some selected chilli
genotypes

Transfer of genetic male sterility: In chilli, GMS 3 (ms-
3) has the background of very thick and large fruits
which are often not preferred by consumers. The
transfer of male sterile gene is being attempted and
during 2013-14 a total of five crosses (GMS-3 x Kashi
Sinduri, GMS-3 x Kashi Anmol, GMS-3 x VR-339
(Figure 12), GMS-3 x Pant C1 and GMS-3 x Kashi
Gaurav) with desirable genetic background were
selected in F2 stage for backcrossing in order to
introgress the male sterile gene. BC1F1 have been
obtained and BC1F2 will be raised for selecting sterile
backgrounds.

Line development: Under the population and line
development activity, selected individuals/crosses
were advanced to subsequent generation from the
segregating lines, i.e. 61 combinations in F2 generation,
107 families in F3, 30 in F4, 18 in F5, 4 in F6 and 3 families
in F7 generations were advanced. A total of seven
selections were made in advanced generation out of
which four were of paprika types and three for stuff
pickle type chilli. Besides, three populations were
advanced to F5 generation for specific traits, i.e. Kashi
Sinduri x AKC-89/38 for morphological and
anthracnose resistance; PT-12-3 x Bhut Jolokia for
morphological, capsaicin and leaf curl disease
resistance and Kashi Sinduri x BS-35 for leaf curl
disease and  capsaicin content.

Parental polymorphism and progeny testing: The F3
population consisting of 239 individuals derived from
a cross between Kashi Sinduri and AKC 89/38 was
phenotyped for generating the genetic map and QTL
analysis. A total of 545 simple sequence repeat primers
were analyzed in Kashi Sinduri and AKC 89/38. Fifty
seven SSRs were found to be polymorphic where 364
bands were monomorphic and 124 bands did not
amplify. The percentage of polymorphic bands between
Kashi Sinduri and AKC 89/38 was found to be about
10.45 and the percentage of monomorphic bands was
66.78%. Out of the polymorphic primers, eight primers
ware screened on 239 F2 individuals (Figure 15).

Figure 12: A7xVR-339: a high yielding CMS based F1
hybrid of chilli

Figure 13: VR-339 x NG-8: interspecific F1 hybrid, free
from leaf curl and anthracnose diseases of chilli

 Genotype  Capsaicin % SHU 
NG-3  7.31 1096500 
NG-8  5.88 882000 
NG-6  4.75 712500 
NG-2  3.65 547500 
NG-5  2.87 430500 
BS-35  2.28 342000 
VR-339  1.65 247500 
PBC-904  1.49 223500 
A6  1.37 205500 
Taiwan-2  1.21 181500 

Figure 14:  NG-3: an accession of Bhut Jolokia with highest
pungency
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Figure 15. Genotyping of F2 individuals with polymorphic
SSR- CAMS 861 primer

Promising hybrid for multilocational testing: A
cytoplasmic male sterility based F1 hybrid (CCH-12;
A2 x KA2) was identified after two years of on-farm
testing for its multilocational testing under AICRP-VC.
The hybrid gives 41.66% higher fruit yield over the
check variety BSS-453 and 39.14% higher yield over
ARCH-228. The salient performance of CCH-12 is
given hereunder (Figure 16 & Table 20).

Figure 16: CCH-12: a CMS based high yielding F1 Hybrid

Table 20:  Average performance of CCH-12

SUB PROJECT  1.3  Genetic Improvement of
Legume Vegetables

Hira Lal, N. Rai, S.K. Sanwal, B.K. Singh, M. Loganathan
and V. Venkatravanappa

COWPEA
Selection of parents for desirable horticultural traits:
From available 362 cowpea germplasm , 9 genotypes
were selected for bushy growth and earliness, 6
genotypes for no. of pods per plant, 10 genotypes for
pod length, 8 genotypes for pod yield and 6 genotypes
for pod quality (pulpiness and parchment free) (Table
21).

Table 21:  Selection of parents for desirable
horticultural traits in cowpea

S. 
No. 

Desirable  
horticultural traits 

Selected genotypes 

1. Bushy growth (<75 
cm) and earliness 
(<45 DAS in 50% 
flowering) 

49-5, BC-244002, Cowpea-263, Pant 
Lobiya-1, Selection-16, Kashi Gauri, 
Kashi Unnati, Kashi Kanchan and 
Kashi Nidhi 

2.  Pods/plant (>30) Kashi Gauri, Kashi Unnati, Kashi 
Kanchan, Kashi Nidhi, VRC-440 
and VRC-441 

3. Pod length (>35 cm) VRC-424, VRC-427, VRC-428, VRC-
433, KVCP-2, KVCP-5, KVCP-70, 
KPC-4, 41-A and Bengal AC  

4. Pod yield (>300 
g/plant) 

Kashi Unnati, Kashi Kanchan, 
Kashi Nidhi, KVCP-5, KVCP-70, 
KPC-4, KPC-6  and Bengal AC

5. Pod quality 
(pulpiness and 
parchment free) 

Kashi Gauri, Kashi Unnati, Kashi 
Kanchan, Kashi Nidhi, Selection-16 
and Arka Garima 

 

General characters 
 

Female 
parent

Male 
parent 

CCH-12 
 

Pant height (cm) 69.67 48.94 75.74 

Fruit length (cm) 11.4 7.56 9.06 

Fruit diameter (cm) 1.53 1.04 1.24 

Fruit stalk length (cm) 2.76 3.0 2.96 

10 fruit weight (g) 102 50 90 

No. of fruit per plant  70 105 210 

50% flowering days  41 42 39 

Fruit yield (g/pl)  363.64 516 800 

Yield (q/ha)  105.56 149.64 264 

Ascorbic acid (mg/100 FW) 191.25 162.4 195.58 

Capsaicin content (%) 0.60 0.55 0.623 

 

Screening of cowpea genotypes under natural
condition against cowpea golden mosaic virus: Total
362 cowpea genotypes were screened under natural
epiphytotic conditions for cowpea golden mosaic virus
resistance. The result showed that 163  of 362 genotypes
were symptom free to cowpea golden mosaic virus
disease without exhibiting any morphogenic symptoms
on plants, 9 genotypes were found be to resistant with

Figure 17: Advanced cowpea lines 49-5
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plant was obtained from line 79-4 (33.4) followed by
line 75-3 (32.9) and 98-4 (32.3). However, the maximum
number of pods  per plant was recorded in line 75-3
(31.8) followed by line 66-2 (31.5) and 96-4 (31.4). The
longest and heaviest pod was obtained from line 66-2
(32.7 cm and 13.3 g) followed by line 66-4 (32.5 cm and
12.9 g). Similarly, the maximum number of seeds  per
podwas observed in line 67-1 (14.2) followed by line
68-2 (13.4). The highest  pod yield  per plant was
recorded in line 66-2 (410.6 g) followed by 62-5 (392.8
g) and 70-2 (387.6 g).

One advanced cowpea breeding line 49-5
developed through pedigree selection from  the cross
Kashi Gauri X Arka Garima has been selected for
earliness and cowpea golden mosaic virus resistance
(Figure 17). It is  a bush type (50-55 cm), takes 34-36
DAS for 50% flowering and pods are ready for harvest
in 43-45 days. It bears 28-32 pods per plant of about 30
cm long. The pods are light green, pulpy and parchment
free, resistant to cowpea golden mosaic virus and
produces 100-125 q /ha green pods.

Maintenance breeding of cowpea varieties: The
maintenance breeding of IIVR developed cowpea
varieties viz. Kashi Shyamal, Kashi Gauri, Kashi
Unnati, Kashi Kanchan and Kashi Nidhi were done
through single plant selection.

INDIAN BEAN
Evaluation of  F1 (pole X bush): Six F1 were evaluated
for yield and yield contributing traits. The cross
combination VRSEM-3 X Konkan Bhushan gave the
highest yield (3.80kg/plant).

average disease severity ranging from 1.25 to 1.95, 21
genotypes moderately resistant with average disease
severity from 2.25 to 2.95, 58 genotypes were moderately
susceptible with average disease severity of 3.25 to 3.95,
25 genotypes were susceptible with average disease
severity  from 4.25 to 4.90 and 86 genotypes were highly
susceptible to cowpea golden mosaic virus disease
with average disease severity ranging from 4.90 and
above.

Hybridization: The parents from available germplasm
were selected on the basis of their earliness, growth
habit,  yield attributing traits,  pod quality and
resistance to cowpea golden mosaic virus. A total of 36
F1s were made during kharif 2013 in a line (6 CGMV
resistant genotypes) X tester (6 elite lines) fashion and
seeds were collected for evaluation.

Evaluation of advance breeding lines: Fifteen advance
lines along with one national check  (Kashi Kanchan)
were evaluated for various growth characters, earliness,
yield attributing traits, yield and resistance to cowpea
golden mosaic virus during Kharif, 2013 (Table 22).
The symptom of cowpea golden mosaic virus did not
appear in any line and the check under field condition
except lines 62-5, 75-3 and 95-1. All the material
exhibited dwarf and bushy growth. The maximum
number of branches  per plant was recorded in line 71-
1 (5.4) followed by 79-4 (5.2) and check Kashi Kanchan
(5.1). Lines 62-5 and 98-4 flowered earliest and took
minimum days to 50% flowering (36.4 DAS) followed
by line 96-4 (37.3 DAS). The longest peduncle was
observed in line 65-8 (40.5 cm) followed by line Kashi
Kanchan (39.5 cm). The maximum number of pods per

Advanced line 
 

Plant 
height 
(cm) 

Branches/ 
plant  

Days to 
50% flower 

 

Peduncle 
length 
(cm) 

Peduncles/ 
plant 

Pods/ 
plant  

Pod 
length 
(cm) 

Pod 
weight 

(g) 

Seeds/ 
pod  

Pod yield 
(g/plant) 

62-5 53.0 4.7 36.4 28.3 29.2 30.9 28.8 12.5 12.5 392.8 
65-8 57.8 3.9 39.0 40.5 28.5 28.8 29.5 12.2 12.8 354.9 
66-2  51.4 4.0 37.5 31.6 28.8 31.5 32.7 13.3 13.2 410.6 
66-4 63.2 4.6 39.8 35.8 27.6 28.9 32.5 12.9 13 364.9 
67-1 52.5 4.8 38.6 32.4 27.8 28.7 31.4 12.5 14.2 368.3 
68-2 54.6 4.9 39.3 33.0 28.9 29.4 31.2 12.1 13.4 352.2 
70-2 49.3 4.3 37.5 31.7 27.2 30.6 29.7 12.8 12.3 387.6 
71-1 58.4 5.4 39.7 39.4 28.0 26.5 30.6 12.5 12.5 334.6 
75-3 45.7 4.8 40.3 39.4 32.9 31.8 31.6 12.2 11.9 380.2 
79-4 56.5 5.2 38.4 36.3 33.4 27.2 27.0 11.9 13.2 325.9
95-1 54.2 4.0 37.5 30.2 23.2 26.7 30.2 12.6 10.6 337.2 
96-4 48.4 3.9 37.3 25.2 27.4 31.4 29.4 11.7 11.4 374.7 
97-3 57.3 4.5 38.2 34.7 25.1 29.0 29.8 12.3 11.2 358.7 
98-4 51.5 4.3 36.4 37.8 32.3 30.3 30.7 12.6 12 385.6 
K. Kanchan 58.6 5.1 38.8 39.5 27.6 28.4 30.4 12.2 11.7 353.9 
CD at 5% 2.7 0.2 2.1 1.9 1.7 1.7 1.5 0.7 0.7 39.4 
CV (%) 8.75 9.68 5.23 9.33 9.80 6.50 5.47 5.42 8.09 13.22 
 

Table 22: Performance of advanced breeding lines during Kharif  2013
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Table 24: Salient traits of triple poded (VRP-500) pea

Characters/genotypes VRP-500 Characters/ 
genotypes 

VRP-
500 

Plant height (cm) 134.7 Pod width (cm) 1.46 
Days to 50% flowering 52 No. of pods/plant 22-24 
First flowering node 13.0 10 pod weight (g) 80 
Pod colour Green Seed/pod 8.0
Pod shape Slightly 

curved 
Yield/plant (g) 176-190 

Pod length (cm) 8.2 Shelling percent 48.5 

 

Table 23:  Superior segregants in Indian bean  derivatives  of parentage  Pole X bush in  F5 to F6 generation
Code number Days to first  

flowering 
Days to first 

picking 
Pod 

length 
Pod 

width 
No of fruits 

per plant 
Yield       

(kg/plant) 
Pods availability in field 

VRBUSHSEM-1 57  94  12.2 2,0 123  2.12 Second week of February 
VRBUSHSEM-14 70  111  11.4 2.6 141  2.67 First week of March 
VRBUSHSEM-15 55  91  15.4 2.0 137  2.53 First week of March 
VRBUSHSEM-3 72  108  13.5 2.1 163  3.20 Third week of April 

 
Generation advancement: Thirty one segregating
population (F5: 19 and F2: 12) were advanced and 38
single plant were selected from these populations.  Among
segregating population, superior segregants from F5 to
F6 generation are given in table 23 (Figure 18).

are 22-24 per plant and pod yield per plant is 176-190
g (Figure 19 and Table 24).

Evaluation of early maturity advanced line: A total of
thirty nine advanced lines of early maturity group of
pea were evaluated for yield and contributing traits.
The line VRPE-36 was earliest in maturity (31 DAS).
The line VRPE-101 had longest pod (11.63 cm) followed
by VRPE-71 and VRPE-76. Highest number of pods/
plant was harvested from VRPE-71 followed by VRPE-
76. Highest seeds/pod, yield/plant and shelling
percent was obtained from VRPE-101 (Table 25).

Figure 18: VRBUSHSEM-3 : Superior semi-bushy segregant
of Indian bean having DYMV tolerance (under field
condition)

PEA
Kashi Ageti (VRPE-25): A new pea variety Kashi Ageti
(VRPE-25) identified through AICRP(VC) for zone no.
IV (Uttar Pradesh, Bihar, Jharkhand and Punjab) for
early maturity group (Figure 20). It takes 35-37 DAS for
50% flowering. Number of pods/plant is 9-10 and each
pod has 9-10 seeds. The average yield is 120-125 q/ha
with shelling percent of 49-50.

Triple podded pea genotype (VRP-500):A triple
podded line was developed through hybridization
(VRP-5 x PC-531) followed by  selection. This line has
three pods at every internode. It takes 50-52 days  after
sowing for 50% flowering. The total number of pods

Figure 19:  Triple podded pea genotype (VRP-500)

Evaluation of late maturity advanced line: A total of
nine advanced line of late maturity group were
evaluated for yield contributing traits and reaction to
powdery mildew disease. The line VRPR-15 was
earliest for 50% flowering (59 DAS) followed by VRPR-
5 (60). The highest number of pods/plant was recorded
from VRPR-15 (22) followed by VRPR-5 (20). The
advanced line VRPR-5 had maximum number of

Figure 20:  New pea variety Kashi Ageti (VRPE-25)



19

FRENCH BEAN
Nine advanced lines and 170 germplasm of

French bean were assessed under field conditions. The
genotypes were categorized in to various groups such
as plant growth habit (bush type-46.5% and pole type-
53.5%), colour of standard (white-24.2, pinkish white-
28.8%, pink-40.5% and violet-6.5%), pod shape (round-
21%, semiround-56% and flat-23%) and uses (vegetable
type-23% and dry seed type-77%). Seven genotypes
pertaining to vegetable types were found to be potential
yielder along with good quality pod traits (pods
cylindrical, free from fibre, slow seed development,
tender and bright colour) such as VRFB-1 (bush type),
VRFBB-2 (bush type), VRFBB-67 (bush type), VRFBB-
95 (bush type, collection from Mizoram), VRFBP-44
(pole type), VRFBP-131 (pole type, collection from
Mizoram) and VRFBP-14 (pole type, IC595238, purple
podded). Nutritionally, purple podded genotypes
‘VRFBP-14’ possess 30-55% higher antioxidant activity
than the green podded genotypes because of the
presence of anthocyanin in pods. One genotype
(VRFBB-9) belongs to the Type-II growth habit (bush
indeterminate, higher number of primary branches and
more number of flowers) selected and crosses were
made with VRFBB-1 and VRFBB-95.

SUB PROJECT 1.4  Genetic Improvement of
Gourds

DR Bhardwaj, Sudhakar Pandey,  T Chaubey, PK Singh,
V Venkatravanappa, Sujoy Saha and Pradip Karmakar

BOTTLE GOURD
Screening of germplasm for cold tolerance: Twenty
genotypes were sown in the end of October (29-10-2013)
to see the performance during cold period. Out of these,
4 genotypes i.e. VRBGWIN-9, VRBGWIN-4, VRBG-69
and VRBGWIN-1were found promising (Table 22).

seeds/pod (7.66) and yield/plant (118 g). The
maximum shelling percent was recorded from VRPR-
7 (47 %) followed by VRPR-15 (46.5%). Performance of
powdery mildew disease resistance lines are given in
table 26.

Table 25: Performance of early maturing advance
lines of pea

Advanced 
lines 
 

Days to 
50% 

flowering 

Pod 
length 
(cm) 

Pods/ 
plant 

Seeds/ 
pod 

Yield/ 
plant 

(g) 

Shelling 
percent 

VRPE-36 31 8.7 7.25 8.5 65 48.0

VRPE-101 36 11.63 8.20 10.5 115 52.0 

VRPE-45 35 8.8 9.80 9.0 75 49.0 

VRPE-71 37 9.2 11.45 8.0 80 48.5 

VRPE-76 35 9.0 10.20 9.0 85 50.5 

CD at 5% 2.04 0.76 0.46 1.08 6.64 1.54 

 

Table 26: Performance of late maturing advanced
lines of pea

Figure 21: Early maturing advanced lines of pea (A) VRPE-101 and (B) VRPE-76

A B

Maintenance breeding of pea varieties : The
maintenance breeding was done through true to type
single plant selection of pea varieties released by IIVR
viz. Kashi Nandini, Kashi Uday, Kashi Mukti, Kashi
Shakti and Kashi Samridhi.

Advanced 
lines 

Days to 
50% 

flowering 

Pods/ 
plant 

Seeds/ 
pod 

Yield/ 
Plant 

(g) 

Shelling 
percent 

Powdery 
mildew 

VRPR-1 62 18.5 7.33 115 46.0 Resistant 

VRPR-5 60 20 7.66 118 45.5 Resistant 

VRPR-7 66 19 7.00 110 47.0 Resistant 

VRPR-15 59 22 6.00 105 46.5 Resistant 

CD at  5% 1.78 1.42 0.64 1.26 0.70  
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Screening of genotypes for downy mildew : Fifty one
genotypes were also screened for downy mildew
(Pseudoperonospora cubensis (Berk. & Curtis., Rostovzev)
under control condition. After inoculation, reactions
were recorded and genotypes were grouped in 5 classes.
Three genotypes VRBG-26, VRBG-47, and VRBG-17
were found moderately resistant and only one genotype
i.e. VRBG-12 was observed as resistant to downy
mildew (Table 28).

Table 28: Reaction of  bottle gouard genotypes for
downy mildew disease

Table 29: Salient features of selected promising cross
combinations

Table 27: Promising accessions of bottle gouard for
winter season

Sl 
No. 

Genotype Score Reaction 

1. DBVG-1, VRBG-48,  VRBG-33, VRBG-
61 

4 Highly 
Susceptible 

2. VRBG-5, VRBG-10, VRBG-66, VRBG-
52, VRBG-53 

5 Susceptible 

3. VRBG-11, VRBG-20, VRBG-49, 
VRBG-56 

4 Moderately 
Susceptible 

4. VRBG-26, VRBG-47, VRBG-17  3 Moderately 
Resistant 

5. VRBG-12 1 Resistant 

 

Promising 
accessions  

Characteristics 

VRBGWIN-9 Yield (12.90 kg/plant), round, fruit weight 1.075 
kg/plant, fruiting started in mid-February  

VRBGWIN-4 Round fruit, individual fruit weight 1.00 kg, 
fruiting started in mid-February 

VRBG-69 Yield (8.90 kg/plant), round fruit, individual 
fruit weight 1.00 kg, fruiting started in mid-
February 

VRBGWIN-1 Yield (9.225 kg/plant), excellent fruiting, 
individual fruit weight 1.625 kg, oblong 

 

Field screening for powdery mildew (Sphaerotheca
fulginea): Forty eight genotypes were screened for
powdery mildew (Sphaerotheca fulginea) under natural
condition and among them VRBG-61 and VRBG-47
found partially resistant. Both the selected genotypes
exhibited better fruit quality and yield.

Development and evaluation hybrids : In bottle gourd,
4 cross combinations developed and evaluated for yield
and fruit quality (Table 29) with the standard check
‘Barad’. Hybrid developed from cross combination
VRBGWIN-63 x VRBGWIN-67 was found promising
with respect to yield and quality. The fruits are attractive
‘Gutka’ type; fleshy, individual fruit weighing (1.100
kg), and remain edible for longer period.

BITTER GOURD
Development of pre-breeding lines/varieties for
earliness: Genotype VRBTG-12 was selected as a
potential inbred due to its higher yield (2.85 kg/plant)
and earliness (attained edible maturity after 36 days of
sowing). VRBTG-35, VRBTG-36 and VRBTG-39 were
selected as inbred due to their bearing of more number
of female flowers and acceptable fruit shape and size
(Table 30).

Table 30: Salient features of  inbred lines of bitter
gourd

Selection of genotypes for different horticultural
traits: In bitter gourd, fruit shape and size along with
colour (small, medium, long white, green, rainy season)
play very important role among the consumer. In small
group VRBTG-15, VRBTG-3, and VRBTG-7; in medium
group VRBTG-4, VRBTG-6 and VRBTG-2 and in long
group VRBTG-8, VRBTG-10 and VRBTG-12 were
selected. Salient features of these accessions are given
in table 31.

Inbreds Edible 
stage 
DAS 

Fruit 
length 
(cm) 

Yield/ 
plant 
(kg) 

Morphological traits 

VRBTG-12 36 47.0 2.85 Green, Long, straight, 
monoecious 

VRBTG-35 38 17.0 2.00 Green, Long, straight, high 
frequency  pistillate  line 

VRBTG-36 37 16.0 1.50 Green Medium size fruits, 
monoecious  

VRBTG-39 36 18.0 2.09 Green Medium size fruits, 
monoecious 

 

Cross combinations Yield/
plant 
(kg) 

Fruit 
length 
(cm) 

Fruit 
Wt. 
(g) 

Other 
horticultural 
attributes 

VRBG-5 x VRBG-1 7.150 32.0 650.0 1st harvest in 47 
DAS , cylindrical  

VRBG-5 x VRBG-2 6.000 35.0 600.0 1st harvest in 51 
DAS, cylindrical 

VRBG-5 x VRBG-6 6.300 34.0 525.0 1st harvest in 54 
DAS, cylindrical 

VRBG-20 x VRBG-9 10.000 23.0 x 
40.0 

1000.0 1st harvest in 50 
DAS, attractive 
round fruit  

VRBG-10 x VRBG-18 10.800 24.0 x 
42.0 

900.0 1st harvest in 46
DAS,  attractive 
oblong fruit 
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Table 31: Salient features of different genotypes of
bitter gourd

experiment was conducted consisting of confirmation
of vegetative parthenocarpy and stimulat ive
parthenocarpy. Female flowers (75) were kept open in
VRPG-105 under polyhouse without any pollinizer
(male clone) plant and 75 female flowers were bagged
with butter paper bag. None of the flowers set fruit.
Therefore, role of vegetative parthenocarpy may be
ruled out. To confirm stimulative parthenocarpy, 75
female flowers were pollinated with pointed gourd
pollens. In this case, more than 95% flowers set fruits
containing normal seeds.  Thus,  stimulative
parthenocarpy was not responsible for seedless fruit
development in this clone. Seed become rudimentary
after 5-6 days  of fruit setting in developing fruit due to
distortion in embryonic tissue and fruit become almost
seedless in VRPG-105. Therefore stanospermocarpy
might be the main reason for seedless fruit development
in VRPG-105 (Figure 22  and 23).

Type of 
fruit 

Genotypes Fruit 
length 
(cm) 

Yield/ 
plant 
(g) 

Horticultural attributes 

Small VRBTG-15 8.5  525.0 Vine spread (359.0 cm), green 
fruit (15), protuberant, 
attractive 

VRBTG-3 10.0 765.0 Vine spread (229.0 cm), green 
fruit (17), non-protuberant 

VRBTG-7 9.20 640.0 Vine spread (366.0 cm), green 
fruit (16), non-protuberant 

Medium VRBTG-4 12.50 585.0 Vine spread (319.0 cm), green 
fruit (13), non-protuberant  

VRBTG-6 14.25 750.0 Vine spread (300.0 cm), green 
fruit (15), non-protuberant

VRBTG-2 11.50 675.0 Vine spread (194.0 cm), green 
fruit (15), non-protuberant 

Long VRBTG-8 28.50 1170 Vine spread (486.0 cm), green 
fruit (15), non-protuberant 

VRBTG-10 31.0 1500 Vine spread (592.0.0 cm), 
green fruit (15), non-
protuberant 

VRBTG-12 45.0 2500 Vine spread (486.0 cm), green 
fruit (15), non-protuberant 

Evaluation of hybrids: Thirteen cross combinations
were evaluated with standard check Vivek; out of these
only VRBTG-3 x VRBTG-4 (medium x medium) was
selected which possess 28.90% heterosis.  The
horticultural characteristic of this hybrid is medium
long, green attractive fruits, partial resistance to leaf
mosaic in field condition and yield (230.0 q/ha). Two
hybrids i.e. DVBTG-2 x VRBTG-6 and DVBTG-6 x
VRBTG-1 were also good for fruit quality but yield was
only 158.0 and 152.24 q/ha, respectively.

SPONGE GOURD
Development of new cross combination and
generation advancement:  In sponge gourd 38 new
cross combinations were developed and 29 F1s, 29 F2
and 32 F4 families were advanced to subsequent higher
generation.

Development of interspecific cross combination: New
interspecific cross combinations of Luffa cylindrica
(VRSG-136) x Luffa acutangula (VRRG-27) and Luffa
cylindrica (VRSG-136) x Luffa acutangula var. Satputia
syn. Luffa hermaphrodita (VRS-1)  were developed for
generation of recombinant inbred lines (RILs).

POINTED GOURD
Preliminary investigation on the seedless fruit
development in pointed gourd clone VRPG-105:
Parthenocarpy and stenospermocarpy are two major
mechanisms responsible for seedless fruit development
in plant. VRPG-105 was isolated during field
evaluation in pointed gourd to confirm the mechanism
of seedless fruit development . In preliminary

Figure 22.  Seed development pattern in seeded and
seedless clone of pointed gourd, seed at harvest maturity
stage (A), seed from ripe fruits (B)

Standardization of clonal propagation of seedless
pointed gourd through vine cutting: Thirty vine
cuttings including 20
mature cuttings and 10
soft vine cuttings were
planted in the nursery
during July-August
(10 mature vine + 5 soft
new vine) and
October-November (10
mature vine + 5 soft
new vine). Sprouting
and rooting occurred

Figure 23.  Plants of seedless
pointed gourd
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only in 4 soft new vine cuttings planted during July-
August. Among the four rooted plants three plants
survived in the open field condition.

Clonal multiplication of elite clones in pointed gourd:
The elite clones of pointed gourd including Kashi
Alankar and Kashi Suphal were clonally multiplied to
enhance the plant population as well as for distribution
to the farmers. About 1000 cuttings of Kashi Alankar
and Kashi Suphal were distributed to the farmers of
Mirzapur and Varanasi  distr ict.  Beside this ,
approximately 100 numbers of planting materials were
produced for VRPG-103, VRPG-21, VRPG-15 and
VRPG-3.

SUB PROJECT 1.5 Genetic Improvement
of Melons, Pumpkins and Cucumber

Sudhakar Pandey, DR Bhardwaj, PK Singh, B Mahesha
M Loganathan, Pradip Karmakar and TK Koley

MUSKMELON
Evaluation of muskmelon germplasm: Sixty diverse
germplasm were evaluated for different horticultural
traits. There was considerable variation among the
genotypes for most of the horticultural traits (Figure
24). Vine length, number of primary branch, days to
first productive flower anthesis and node at which first
productive flower appeared ranged from 61.44 to 107.25
cm, 2.37-4.25, 50.15-64.40  and 3.42-6.35, respectively.
While, fruit diameter, fruit weight, pericarp thickness,
total soluble solids and yield/plant varied from 8.91-
17.37 cm, 7.39-14.85 cm, 191.50-906.45 g, 0.95-2.15 cm,
4.00-9.20 °Brix and 0.75-2.80 kg, respectively. Kashi
Madhu, Hara Madhu, Durgapura Madhu and Pusa
Madhuras were found to be the four best performer
genotypes.

Figure 24: Variability for fruit traits in muskmelon

Inbreed development : Nine selected genotypes were
selfed and carry forwarded to next generation for the
development of inbred line which will be helpful for

combining ability study of these selected genotypes for
different horticultural traits.

WATERMELON
Total 97 genotypes including land races, ecotypes

and wild forms of watermelon were evaluated for
different horticultural traits and consumer preference
and maintained through selfing. Ten hybrids were also
evaluated along with their parents for horticultural
traits. Hybrids VRS WM-10-4,VRS WM-11-6 were found
superior. Fifteen cross combinations were made by
using divergent inbred lines for high yield and quality.
Ten populations of F5 generations were advanced.
Advanced lines VRSWM-3-4-2 (yellow rind and yellow
flesh), VRW-9 (red fleshed),VRW-12-3 (light yellow
fleshed) and VRW-13-4 (red fleshed) were found
promising for yield and quality.

CUCUMBER
Evaluation of wild cucumber (Cucumis hardwickii)
germplasm: A total of 36 accessions were grown during
rainy season  for seed increase and evaluation. Most of
the accessions were severely affected by the virus
diseases and failed to set fruit. These accessions were
screened by serological method (ELISA) using GBNV
and CMV polyclonal antibodies and were diagnosed
with the Groundnut bud necrosis virus (GBNV) and
cucumber mosaic virus (CMV) (Table 32).

Table 32: Screening of cucumber lines by Serological
method using GBNV and CMV polyclonal antibodies

Sl. 
No. 

C. hardwickii  
accession no. 

ELISA 
GBNV CMV 

1 IC-550193 - ++ 
2 IC-550179 - ++ 
3 IC-248351 - ++ 
4 IC-285454 - ++ 
5 IC-557158 - ++ 
6 IC-469551 ++ ++ 
7 IC-331631 ++ ++ 
8 IC-550183 ++ ++ 
9 IC-421736 ++ ++ 
10 IC-248263 - ++ 
11 IC-248349 - ++ 
12 IC-248323 - ++ 
13 IC-243339 - ++ 
14 IC-248275 - ++ 
15 IC-336276 ++ ++ 
16 IC-256188 ++ ++ 
17 IC-557157 ++ ++ 
18 IC-248181 ++ ++ 
19 IC-256227 - ++ 
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Characterization and evaluation of cucumber
germplasm: A total of 124 lines were evaluated for
fruit characters and resistance against downy mildew
(Pseudoperonospora cubensis). Based on disease incidence
under field conditions, genotype VRCU-Sel.C-7-1,
PCUC-09, VRCU Sel.C-7-7, CH-122, EC-595926, VRCU-
27, IIHR-B were selected as resistant. All these lines
were maintained through selfing. Internal fruit quality
i.e. flesh thickness ratio and internal fruit quality defects
i.e. placental hollowness and carpel separation were
also observed in all the genotypes.

Evaluation of hybrids: A total of 14 hybrids developed
in previous year have been evaluated for yield and its
contributing traits in mottle green segment. These
hybrids were non-bitter in taste. The best performing
hybrids based on the fruit colour, appearance and yield
were VRCUH-13-02 followed by VRCUH-12-08 and
VRCUH-09-36 (Table 33)

Table 33:  On farm trial performance of cucumber
hybrids

PUMPKIN
Evaluation of germplasm: During summer a total of
69 lines have been evaluated for  to 50% female
flowering, number of fruits, polar and equatorial of
fruit (cm), flesh thickness, yield/plant (kg), colour of
fruit at green stage and shape. Percent infestation of
pumpkin yellow vein mosaic virus was also observed
at the time of harvesting. Earliest female flowering lines
was VRPK-38 (45 days after sowing), while VRPK-06
had 50% flowering after 69 days of sowing. The flesh
thickness ranged from 1.5 cm (VRPK-06-01) to 4.8 cm
(VRPK-72-11-02). The fruit shape was found as flat
round, round and oblong and fruit colour segment was
mottle green, dark green and light green. The percent
infestation of pumpkin yellow mosaic was ranged from
2% (VRPK-09-01) to  100% (VRPK-62).

Evaluation of selected lines for quality traits: Forty
six pumpkin genotypes were evaluated for beta
carotene, flesh colour parameter and texture. carotene
content varied from 0.03 to 1.45 mg/100g. Colour
parameter like lightness, redness and yellowness was
evaluated in pumpkin genotype at fully ripe fruit stage.
Lightness varied from 59.62 to 92.23, whereas redness
varied from -12.51 to 2.07. Yellowness varied from 20.34
to 66.59. Hardness of flesh varied from 3.72 to 16.12 N.

Evaluation of hybrids: A total of 10 F1 hybrids of
pumpkin were evaluated along with the parents for
number of fruits/plant, average fruit weight (kg), polar
and equatorial diameter of fruit (cm), flesh thickness
and total yield/plant. On the basis of total yield and
attractiveness of the fruits hybrids, VRPKH-10-4 was
found promising and selected for validation. This
hybrid has high felsh thickness (4.6 cm) and highest
yield.

Advancement of segregating generations:  A total of
16 segregating populations lines which includes F2
(3), F3 (3), F4 (5), F5 (3) and F6 (2) were evaluated; selfed
and further selection were made to advanced  in next
generation.

SUB PROJECT 1.6 Genetic Improvement
of Okra

SK Sanwal, B Singh, V Venkatravanappa and J Halder

Evaluation of hybrids: A total of forty five hybrids were
evaluated for yield and quality traits. The cross
combination VRO-103 x SB-8 was earliest and took 36
days  for 50% flowering. Maximum number of fruits/
plant was harvested from cross VRO-106 x SB-4 (22),
followed by VRO-106 x SB-8 (20) and HOK-152 (C)
while highest yield/plant was harvested from cross
VRO-106 x SB-4 (205 g).  Crosses mentioned in the table
27 were found to be resistant to YVMV (Table 34).

Sl. 
No.

C. hardwickii  
accession no.

ELISA 
GBNV CMV 

20 IC-256248 ++ ++ 
21 IC-336255 - ++ 
22 IC-285515 ++ ++ 
23 IC-280185 ++ ++ 
24 IC-469591 ++ ++ 
25 IC-469309 ++ ++ 
26 IC-336232 ++ ++ 
27 IC-469566 ++ ++ 
28 IC-256271 ++ ++ 
 

 
Hybrids Fruit 

length
(cm) 

Fruit 
diameter

(cm) 

No. of 
fruit/
plant 

Average 
fruit 

weight 
(g) 

Yield/ 
plant

(g)

VRCUH-09-36  12.00 3.00 6.17 115.00 585.60 III 

VRCUH-09-33  10.00 3.50 6.00 85.00 300.00 

VRCUH -13-01  13.00 4.75 6.00 130.00 620.00 

VRCUH -12-01  14.00 3.75 6.00 65.00 360.00 

VRCUH -12-05 15.50 2.90 6.00 90.00 460.00 

VRCUH -12-08 15.00 4.80 6.20 110.00 562.00 

VRCUH -13-02 15.67 4.20 6.48 143.33 742.12 

VRCUH -12-03 15.00 4.40 6.20 60.00 352.00 

VRCUH -12-02 16.00 2.50 6.25 140.00 695.00 

VRCUH -09-34 10.00 4.30 6.11 100.00 511.00 

VRCUH-12-04 12.00 2.50 6.00 60.00 340.00 

VRCUH-12-09 15.00 3.00 6.00 70.00 380.00 

VRCUH-11-02 11.00 4.50 6.00 100.00 500.00 

VRCUH-12-06 11.00 3.30 6.00 70.00 380.00 
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Table 34: Performance of superior hybrids in okra Bengaluru material were free from YVMV infection but
highly susceptible to OELCV. Some lines free from
YVMV infection at one location but found susceptible
at another location.

Among 86 accessions of wild species,  five
accessions viz; A. enbeepeegeerense, NIC5952 (Figure 26)
(A. moschatus),  Jpn/N-2176 (A. manihot), IC-90340 (A.
tuberculatus),  IIVR-Tub-1 (A. tuberculatus) were found
resistant to YVMV and OELCV. Their PCR reaction
was also negative.

Hybrids Days to 
50% 

flowering 

Fruits/ 
plant 

Fruit yield/ 
plant (g) 

YVMV 
(%) 

VRO-103 x SB-8 36 18 165 0.0 
VRO-106 x SB-4 49 22 205 0.0 
660-7-1 x SB-2 43 19 180 8.5 
VRO-106 x SB-8 46 20 175 6.8 
VRO-103 x HRB-108-2 41 18 175 0.0 
HOK-152  (C) 52 20 180 2.4 
CD at 5% 4.6 1.48 9.16 3.06 
 

Interspecific hybridization in okra: The F1 which was
developed during 2011-12 between Abelmoschus
esculentus (Kashi Pragati) and Abelmoschus caillei was
maintained through backcrossing with cultivated
species. The BC1 was sown during rainy season 2013-
14. There was a good fruit setting but seeds were sterile.
Again, some of the plants were maintained through
backcrossing with cultivated parent.

Multilocation screening of released varieties ,
advanced lines and wild species: A total of 198 lines
including 30 released varieties, 26 advanced lines from
IIVR, 56 lines from IIHR and 86 accession of wild
species (Abelmoschus angulosus, A. manihot, A.
tetraphyllus, A. caillei, A. ficulneus, A. crinitus, A.
moschatus,  A.  pungens, A.  tuberculatus and A.
enbeepeegeearense) were screened at four locations viz;
IIVR Varanasi, BCKV Kalyani, PAU Ludhiana and
TNAU Coimbatore during rainy season of 2013-14. One
line of susceptible check (Pusa Sawani) was sown after
5 lines of each genotype/lines as infector rows.  Percent
incidence of YVMV and OELCV was recorded at 30, 60
and 90 DAS. The percent disease incidence in
susceptible check varies from 60-85%. The lines VRO-
109, VRO-104, VROB-178, VROB-181, 307-10-1 No. 315
and BCO-1 were completely free from YVMV and
OELCV infection (Figure 25). The advanced lines 285-
1-5-1-16-23, 285-1-3a-1-17-1 and 299-52-5-6-5-8 from
IIHR were also free from YVMV and OELCV infection.

It was observed that the most of the IIHR,

Figure 26: Plant of A. enbeepeegeerense

Free choice cafeteria test of different okra germplasm
against okra shoot and fruit borer: The free-choice
cafeteria test (olfactometer test) was conducted to assess
the relative preference of feeding of third instar larvae
of Earias vittella  among the different okra test
germplasm. Similarly, free-choice test for ovipositional
preference of E. vittella was conducted under laboratory
conditions at 28±2 0C, 70-80% relative humidity and a
photoperiod of 13:11 (L:D) hour in caged conditions to
assess the relative preference of different okra
germplasm by the gravid female for its egg laying.

Figure 25: Screening of okra accessions against YVMV
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Evaluation of advanced breeding lines: Twenty six
advanced lines were evaluated for yield and yield
contributing characters. Maximum yield was recorded
from VRO-109 (160 g) followed by VRO-104 (154 g)
and 307-10-1 145 g). These lines were found free from
YVMV.

Maintenance breeding of IIVR released
varieties of okra

Maintenance breeding of okra varieties released
by IIVR viz. Kashi Kranti, Kashi Pragati, Kashi Satdhari,
Kashi Lila and Kashi Vibhuti were done through true
to type single plant selection. The fruits of the selected
plants were covered with butter paper bag and seeds
were harvested.

SUB PROJECT 1.7 Genetic Improvement
of Cauliflower

BK Singh and PK Singh

One hundred seventy-five genotypes were
evaluated to screen out the promising lines for
September, October and November maturity group
[Early Ia, Early (Ib) and Mid (II)]. Among them, VRCF-
32, VRCF-48 and VRCF-66 were the potential yielder
(Curd yield: 125-130 q/ha) in October maturity having
net curd weight: 320-336 g, gross plant weight: 795-
870 g, curd size: 6.1-6.9 × 10.9-11.3 cm, harvest index:
37-41%, maturity period of 78-81 days  and medium
compact creamy-yellow curds. Moreover, in November
maturity, six lines such as VRCF-2, VRCF-16, VRCF-
37, VRCF-50, VRCF-75 and VRCF-86 were found to be
better yielder (Curd yield: 182-205 q/ha) having net
curd weight: 465-530 g, gross plant weight: 1030-1250
g, curd size: 8.1-9.6 × 13.5-15.9 cm, harvest index: 40-
48%, maturity period of 59-68 days along with compact
white curds (Figure 29).

Figure 28. Egg-laying preference of Earias against
differert okra germplasms

Olfactometer test (free-choice cafeteria test) with
five-day old fruit of respective okra genotypes also
revealed that highest population of larvae reached to
SB-8 (19.7%) whereas least number was on VROR-160
(3.4%) (Figure 27). Ovipositional preference of gravid
Earias females also indicated their preference of egg
laying towards the genotype SB-8 (53.3) followed by
VROB-178 (39.3) and lowest of only 16.1 eggs on VROR-
157 (Figure 28).

Generation advancement of breeding material:
Several progeny families in different stages of inbred
development were grown, selection was exerted on
single plants for desired traits and seeds were collected
for further advancement of generation. Summary of this
activity is presented in the table 35.

Table 35: Generation advancement in okra

Generation  Families  Target traits 
F2 72 YVMV, OELCV 

resistance. 
Long and thin fruit size 
with dark green colour 

F3 83 (44 SPS)
F4 60 (32 SPS) 
F5 32 (26 SPS) 
F6 18 (10 SPS) 
F7 9 
F8 8 
 

Figure 27: Olfactometer test

Figure 29: Promising genotypes of cauliflower (A) VRCF-
66 and (B) VRCF-75



26

Figure 30: In vitro regeneration in okra

Total 55 genotypes of early, mid and mid late
maturity group of cauliflower were also evaluated for
different horticultural traits and maintained through
sibmating at SPC Sargatia. Promising genotypes
identified were VRSCF-7 (early ),VRSCF-6 (mid) and
VRSCF PK-77 of mid late maturity group. Cauliflower
genotypes VRSCF-9,VRSCF-27 and VRSCF-32 are in
AVT-II and  VRSCF PK-77 has been included in IET
AICRP(VC) testing.

SUB PROJECT 1.8 Transgenic and
regeneration protocols
Major Singh, PS Naik YS Reddy and RS Gujjar

Development of regeneration protocol in okra: Surface
sterilized seeds of okra cultivar Kashi Kranti were
germinated on half-strength MS medium. Hypocotyl,
cotyledon, and cotyledonary petiole explants from 6
days old seedlings were evaluated for regeneration
response. For culture initiation, 20 explants for each
treatment were cultured on MS medium containing
different concentrations of BA (0.2–5.0 mg l-1) in
combination with either kinetin, TDZ, 2iP, 4-CPPU,
IAA, or 2,4-D. In addition, different concentrations (0.2–
5.0 mg l-1) of 2iP with 4-CPPU TDZ, IAA, or 2,4-D were
also evaluated. Callus development of different
characteristic was observed from hypocotyl and
cotyledon explants cultured on all the media
combinations on hypocotyl except the MS medium
containing 0.2 mg l-1  BA and 0.5 mg l-1

 kinetin that
induced roots. In general, cotyledon explants showed
lower frequency of callus induction than the explants.
Multiple shoot like structures were found from
cotyledonary petiole explants after 30 days of culture
on the media containing 0.5 mg l-1  2iP and 0.5 mg l-1

 4-
CPPU (Figure 30). However, these multiple shoot
structure did not develop any shoot and efforts to
develop shoots from these are in progress.

Regeneration studies in bitter gourd: Bitter gourd
seeds of 17 different genotypes (VRBTG-1, - 2, -3, -11,-
15, -17, -19, -21, -23, -25, -31, 36, -37, -39, PDM white,
Kashi Uravashi, Gyno-333) were germinated on half-
strength MS medium.  Hypocotyls, cotyledon, and leaf
explants were evaluated for regeneration response.  For
callus initiation 18 explants for each treatment were
cultured on MS medium containing different
combinations and concentrations (0.2-5.0 mg l-1) of
plant growth regulators. Callus  regeneration  was
observed  from cotyledon and  leaf  explants  cultured
on different combinations and concentration of BAP
or TDZ with IAA or 2,4-D along with PVP and gibberelic
acid. Frequency of callusing was higher in the
combination of TDZ or BAP with IAA than the
combination with 2, 4-D concentrations. Rooting was
observed in the medium containing BAP (0.2 and 1.0
mg l-1) or TDZ (0.2 mg l-1 ) along with 2, 4-D (0.2, 0.5, 1.0
mg l-1 ) (Figure 31). White and fragile callus was formed
from the explants cultured on gibberelic acid containing
medium whereas green compact and nodular callus
was formed in case of medium without gibberelic acid.
However, there was a marked difference in expansion
of the explants when gibberelic acid was included in
the medium. Compared to the cotyledon explants, leaf
explants showed high frequency of callus induction.
Inclusion of polyvinyl pyruvate in the medium had a
positive effect on callus formation.

In planta transformation in tomato: To develop in planta
transformation protocol, germinating tomato seeds
were treated with Agrobacterium tumefaciens strain EHA
– 105 harboring the binary vector pPIPRA539 as a
vector system for in planta transformation. Plasmid
pPIPRA539 contains the gus gene linked to the FMV
34S promoter. The steps followed were, 1. Germinating
seeds + Triton –X 100 (for 3) 2. Agro inoculum +
Acetosyrenzol (for 3 )  3.  Sowing the treated seedlings
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Figure 32: GUS assay in tomato seedlings

in soil (pots) to standardize triton-X concentration
seedlings were treated with Agrobacterium at different
concentrations of triton–X and subjected to GUS assay
(Figure 32).

Surfactant Triton–X enhanced the percent
transformation in tomato seedlings. Concentrations
0.004 and 0.001 percent (Table 36) of Triton–X
produced higher percent transformation. In the present
experiment the GUS-expression may be due to transient
expression or stable expression which has to be
confirmed further.

Table 36: Percentage of seedlings with GUS staining
at different concentrations of Triton-X

SUB PROJECT 1.9 B i o t e c h n o l o g i c a l
interventions for improvement of selected
vegetable crops

HC Prasanna, Major Singh,  SK Tiwari, Sudhakar
Pandey, Rajesh Kumar,  M Loganathan, Pradip
Karmakar and RS Gujjar

Development and evaluation of tomato lines carrying
Ty-2 and Ty-3 genes: Marker assisted selection
previously performed on F4 families of FLA478-6-1-11
x CLN2498C (Population I) and FLA478-6-1-11 x
CLN1621E (Population II) resulted in identification of
several tomato lines homozygous for Ty-2 and Ty-3
linked markers. A total of five Ty-3 and ten Ty-2 lines
were selected based on the horticultural traits. The self-
pollinated seeds of plants, homozygous for individual
Ty-2 and Ty-3 genes, were grown using seedling in the
greenhouse (16 plants each). These plants were
genotyped for markers linked to both northern and
southern end of the introgressions. The stable
homozygous F6 plants were used for agroinoculation
tests and field trials. The severity of the disease
symptoms (DSI) was assessed following 60 days of
agroinoculation. The two independent inoculation
experiments showed similar scores and therefore the
scores were combined for the analysis (Table 37 &
Figure 33).

Implication of Ty-2 and Ty-3 lines in ToLCVD
resistant tomato hybrids: We identified a double
heterozygous F 4 plant to study the effects of
combinations of Ty-2 and Ty-3 genes in hybrids. The
F5 progenies generated by self pollination of this single
plant were genotyped using two distal end markers
linked to both Ty-2 and Ty-3 genes. The population
included two sets of 96 plants and the progenies could
be broadly differentiated into four groups, (1) without
Ty-genes, (2) Ty-2+Ty-3 present, (3) Ty-2 present and
(4) Ty-3 present, based on the genotyping results. Two
independent agroinoculation experiments on two sets
of 96 progenies were carried with ToLCNDV isolate.
The disease severity scores of different genotypic groups
were similar in both the inoculation experiments.  The
response of plants of different genotypic classes is
presented in Figure 33. The level of resistance in plants

Figure 31: In vitro regeneration in bitter gourd

Concentra-
tion of 
Triton-X 

No. of 
seed-
lings 

treated 
with 

Triton-
X 

No. of 
seedlings 

treated  
with 

Agrobac-
terium 

No. of 
Seed-
lings 

survived 
after 

sowing 

No. of 
GUS 

stained 
seed-
lings 

Percent 
transformation 

(no. of GUS 
stained 

seedlings /  
no. of 

seedlings 
treated with 

Agrobacterium) 
0 65 45 25 4 8.89 
0.001 62 40 26 17 42.5 
0.002 44 25 15 4 16 
0.003 60 25 18 3 12 
0.004 60 30 22 16 53.33 
0.005 55 30 21 9 30 
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with the combination of both Ty-2 and Ty-3 genes in
heterozygous condition was higher and similar to level
of resistance observed in homozygous Ty-3 plants.

Figure 33: Mean disease severity of F5 progenies carrying
combination of Ty-2 and Ty-3 genes in response to infection
by Tomato leaf curl New Delhi virus (ToLNDV) at 60  post
agroinoculation.

Generation of backcross population for S.
lycopersicum X S. chilense and polymorphism studies:
Early backcross generation was generated for a
interspecific cross S. lycopersicum (VF36) X S. chilense
(LA1972). The cultivar Kashi Amrit was used as a
recurrent parent in backcrossing program. Embryo
rescues were performed and as many as 60 additional
rescues were performed and a total of 120 BC1F1 plants
were generated. The clones of interspecific hybrid and
120 BC1F1 plants are being maintained regularly in

tissue culture facility through cuttings.

A series of SSRs and CAPS markers were analysed for
polymorphism in an interspecific cross. As many as
150 CAPS markers, polymorphic between recurrent
parent and S. chilense, were identified for all the 12
chromosomes of tomato using EXPEN 2000 map as
reference. Among these polymorphic markers, more
than 120 markers were found co-dominant.

Identification of tomato genetic stocks resistant to
tomato leaf curl disease: Two lines, VRT-02-13-3
(jointless) (Figure 34) and VRT-03-1-8 (yellow fruited)
(Figure 35) with high level of field resistance to tomato
leaf curl virus resistance, were tested for level of
resistance through agroinoculation by monopartite
Tomato Leaf Curl Bangalore Virus, bipartite virus Tomato
Leaf Curl New Delhi Virus and Tomato Leaf Curl Palampur
Virus (Figure 34 & 35). Disease scores recorded on two
independent tests indicated to high level of resistance
(Mean score of 1 to 1.5). Also, the markers assays
performed using the combination of four markers
linked to Ty-3 indicated  presence of Ty-3 introgression
in these lines.

Genotype Tomato Leaf 
Curl Bangalore 

Virus 

Tomato Leaf 
Curl New 

Delhi Virus 

Field tests 

Ty-3 lines 
VRT15-3-6-1  0.38±0.06 c 1.00±0.00 0.51±0.14 d 
VRT15-3-6-3  0.42±0.08 c 1.00±0.00 0.52±0.15 d 
VRT12-1-4-11   0.55±0.02 c 0.73±0.07 0.83±0.04 d 
VRT12-1-3-2   0.58±0.05 c 0.87±0.07 0.98±0.06 d 
VRT2-2-3-1   0.37±0.11 c 0.93±0.07 0.92±0.11 d 
Ty-2 lines 
VRT6-1-9-6-1  1.69±0.06 b 2.53±0.07 b 2.34±0.02 c 
VRT19-3-2-2 1.89±0.02 b 2.80±0.12 b 2.31±0.07 c 
VRT20-3-1-2 1.71±0.19 b 2.47±0.07 b 2.05±0.04 c 
VRT12-1-1-3 1.71±0.20 b 2.93±0.07 b 2.28±0.08 c 
VRT6-1-3-3 1.82±0.11 b 2.73±0.13 b 2.25±0.11 c 
VRT8-7-1-2-1 1.82±0.11 b 2.53±0.18 b 2.25±0.10 c 
VRT14-5-3-1 1.73±0.08 b 2.47±0.15 b 2.17±0.12 c 
VRT14-5-2-3-2 1.88±0.08 b 2.73±0.07 b 2.15±0.11 c 
VRT13-1-2-2 1.82±0.09 b 2.67±0.07 b 2.28±0.12 c 
VRT15-3-2-1 1.91±0.06 b 2.80±0.12 b 2.19±0.11 c 

Susceptible Control 
Kashi Vishesh 3.93±0.04 a 3.87±07 a 3.45±0.04 b 
Punjab 
Chhuhara 3.69±0.12 a 3.93±07 a 3.96 ±0.04 a 

 

Table 37: Response of tomato lines carrying Ty-2 and
Ty-3 genes to an infection by a monopartite and
bipartite tomato leaf curl virus species (60 days post
inoculation) and field tests (90 days after planting)

Cloning, characterization and expression analysis of
drought responsive transcription factor genes in
tomato: Expression analysis of selected 8 drought
responsive genes was done in tolerant (EC520061) and
sensitive (CO-3) tomato lines.

Expression analysis of all the genes was done semi-
quantitatively using RT-PCR as well as quantitatively
using real time PCR (Figure 36) in both the lines
(tolerant and sensitive) under artificially imposed
drought stress.

The real time PCR expression pattern fairly
complemented the expression pattern of microarray
experiment with slight difference in few cases. Real
time PCR analysis showed that SlWRKY4 gene was
down-regulated in both the lines as against the
microarray expression data where it was slightly up-
regulated in sensitive  line. Semi-quanti tative
expression analysis by RT-PCR showed very faint
bands of SlMCPI19 gene under drought stress in both

Figure 34: VRT02-13-3:
Jointless and Ty-3 carrying
tomato line

Figure 35: VRT03-1-8:
Yellow fruited and Ty-3
carrying tomato line
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SUB PROJECT 1.10 Genetic improvement of
underutilized vegetables, including vegetable
soybean, leafy and root vegetables

PK Singh, DR Bhardwaj,  SK Tiwari,  and BK Singh

CARROT
Twenty-three advanced lines and 83 germplasm

of tropical carrot were evaluated under field conditions
at IIVR, Varanasi. Among them, seven genotypes were
found to be good yielder (> 90 g root weight) along
with better quality traits (self-coloured core, smooth
root, fewer secondary roots and lesser root scars) such
as VRCAR-91-1 and VRCAR-91-2 (orange coloured
root);  VRCAR-67, VRCAR-78, VRCAR-149 and
VRCAR-185 (red coloured root); VRCAR-107-2 (purple-
red coloured root); and VRCAR-125 and VRCAR-197
(black coloured root) (Figure 38). The softness of roots
(root texture)  ranged from 6.95-11.39 Newton which
was lower in red coloured carrots.

Figure 38: Variability among carrot genotypes

Thirty seven accessions of Asiatic carrot (red &
black) were also collected, evaluated and maintained
through sib mating at SPC Sargatia. The genotype
VRSCR-27 (red) and VRS BCr-NH-11(black) were found
promising for yield and quality.

RADISH
Eighteen advanced lines and 110 germplasm of

radish were evaluated under field conditions at IIVR,
Varanasi. Among them, six genotypes were found to
be good yielder (> 80 g root weight) along with better
quality traits (uniform root shape, smooth root, fewer
secondary roots and soft leaf) such as VRRAD-130 (red
exterior and pink xylem) (Figure 39); VRRAD-131-2
(pink exterior); VRRAD-130-3 and VRRAD-130-2

the lines while its expression was substantial under
control condition. RT-PCR analysis of SlUSPA9 gene
indicated its negligible expression under control
conditions in both the lines but the gene was
significantly expressed in drought treated samples.

Tissue specific analysis of expression: Tissue specific
(root, stem, leaf, and flower) expression analysis was
performed using real time PCR in tolerant line under
artificially imposed drought stress (Figure 37).

Majority of genes revealed similar pattern of
expression in root, stem and leaves except SlPRP16
gene which documented 3420 folds of down-regulation
in roots, indicating the partial switch-off of PRP in root
tissues under drought.  There was no major effect of
drought stress on the expression level of all the genes
in flower except the gene for SlSNF4-15 which
exhibited about 5 folds of down-regulation.

Figure 37: Quantitative expression of genes in root, stem,
leaf and flower of drought tolerant tomato line. On Y-
axis, the negative values represent down-regulation and
positive values represent up-regulation.

Figure 36: Quantitative expression of genes in leaves of
tolerant and sensitive lines of tomato under artificially
induced drought stress. On Y-axis, the negative values
represent down-regulation and positive values represent
up-regulation.
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(purple exterior); and VRRAD-4-1 and VRRAD-150
(white exterior). The development of pithiness was very
slow in VRRAD-135 (35   days after physiological
maturity) as compare to Kashi Sweta (16 days  after
physiological maturity). Total antioxidant activity
( mol TE/g) was higher in coloured genotypes than
white rooted genotypes such as 4.3-9.4 in pink/red
coloured genotypes, 3.7-4.8 in purple coloured
genotypes and 2.7-3.3 in white coloured genotypes.
Further, antioxidant activity was about 45-160% higher
in the leaves than their roots indicating the nutritional
importance of radish leaves.

In radish, thirty one genotypes of radish (white,
red and black) were also collected, evaluated and
maintained by selfing at SPC Sargatia. The genotype
VRRd E-14, VRRd-111(white roots), VRRRd-7(red) and
VRSBRd-1(black ) were found promising for yield and
quality.

SATPUTIA
 Fifty nine germplasm (48 long fruited and 11

round fruited) were evaluated and maintained through
selfing. Long fruited genotypes VRS-1, VRS-7, VRS-11,
VRS-24 and VRS-9-1(round fruited) were found
promising.

Cross combinations of ridge gourd and satputia
were advanced to further subsequent generations.

RIDGE GOURD
Fifty genotypes were collected, evaluated for

different horticultural traits and maintained through
selfing. Among them VRRG-3-6 was identified for
higher pistillate flowers. Genotypes VRSRG-6 and
VRSRG-24 were also identified for high yield and
consumer preference.

LONG MELON
 Thirty three genotypes were collected, evaluated

for different horticultural traits and maintained
through selfing. The genotypes VRSLM-13-1 and
VRSLM-16 were identified for early and higher yield.
These genotypes VRSLM-13-1 and VRSLM-16 are in
AVT-II AICRP (VC) testing. The genotype VRSLM-27
was also found promising.

VEGETABLE SOYBEAN
 Forty six diverse genotypes of vegetable soybean

collected from different sources were evaluated for
suitability, yield, green pod quality and maintained
through selfing. The genotypes GC-85501-32-1, Swarn
Vasundhara,VRS VS-G-17  and Hara Soya etc. were
found suitable for yield and quality.

Ivy gourd, snake gourd, round melon, Faba
bean, kakrol and kartoli

 Eighteen  ivy gourd, fifteen  snake gourd, thirty
of faba bean, twenty nine germplasm of M.dioca , twenty
of round melon, fifty four of M. chochinchinensis/M.
subangulata ssps. renigera   were collected, evaluated
and maintained.

LEAFY VEGETABLE
In leafy vegetables, fifteen accessions of water

spinach, twenty nine of amaranth and 17 of chenopods,
fenugreek, soya, sorel, Celosia were collected and
evaluated. One hundred and forty nine accessions of
minor leafy vegetables have also been collected in
collaboration with NBPGR (RS), Cuttuck from different
parts of Odhisa. In water spinach (Karam Saag)
VRSWS-5, in amaranth VRSAm-1 (red and green
shade), VRSAm-4 (Green), VRSAm-16 (Red) and a late
bolting genotypes VRSAm-14 and VRS CA-1 (Celosia,
locally called Nepali Saag) were found promising.

Nutritional and antioxidant phytochemical
activity in stem and leaf extract of Ipomea aquatica was
made for flavonoids, phenols, proline and chlorophyll
and carotenoids. Phenolic compounds were analyzed
and total phenol content was also determined.

MEGA PROGRAMME-2: SEED
ENHANCEMENT IN VEGETABLES
Programme leader: Dr. P.M. Singh

PM Singh, Rajesh Kumar, T Chaubey, Sudhir Singh, T
Koley, S Saha, J Halder, PK Singh, RN Prasad, SK
Sanwal, N Rai, SK Tiwari and PS Naik

Conversion of ovules to seeds: Conversion of ovules
to seed in 14 tomato and 5 chilli varieties was studied
this year again.  It ranged from 79 to 94 % in tomato
(Table 38) and 81-100 % in chilli (Table 39).  With the

Figure 39: Colour variation in radish genotypes
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recording of this year’s data it has been observed that
the conversion of ovules to seed is not affected by the
fruit weight, number of locules and fruit shape though
it expresses variation depending upon variety in both
tomato and chilli.

Table  38 : Effect of varieties on conversion of ovules
to seed in tomato

Tomato 
Varieties 

Fruit shape 
Fruit shape 

No. of 
locules 

Normal seeds 
(%) 

2012-
13 

2013-
14 

Kashi Amrit Flat round 5-6 92 92 
Kashi Vishesh Oblong 4-5 90 87 
Kashi Hemant Round 3-4 89 87 
Arka Alok Oval round 3-4 91 88 
Arka Abha Oval round 3-4 82 79 
Pusa Upma Oblong 3-4 90 92 
Solan Gola Oval round 2 90 92 
Roma Oblong 3-4 90 89 
Hisar Lalit Oval round 3-4 89 90 
Hisar Arun Flat round 4-5 92 87 
Punjab Bahar Oval round 3-4 91 88 
Punjab Chhuhara Pear shape 2 87 90 
Punjab Keshari Flat round 4-5 93 86 
Swarna Lalima Flat round 5-6 94 94 
 
Table 39 : Effect of varieties on conversion of ovules
to seed in chilli
Chilli 
Varieties 

Fruit 
wt. (g)

Fruit 
length 
(cm) 

No. of 
locules

Normal seeds 
(%) 

2012-13 2013-14 
K. Anmol 4.42 7.18 3.00 98 100 
PT-12-3 2.98 5.24 2.80 98 81 
Taiwan-2 1.00 2.88 2.00 96 94 
P. Jwala 5.14 12.30 2.60 91 94 
K. Sinduri 11.90 12.34 2.20 82 95 
 

Studies on pollen storability: The pollen from brinjal
varieties (Kashi Taru, Kashi Prakash, Pant Rituraj, PR-5,
Punjab Barsati & Punjab Sadabahar) were collected and
stored under different conditions viz. at ambient temperature,
refrigerator, deep freezer at -20oC and -80oC, for testing
the viability at periodic intervals (Table 40).

Table 40 : Effect of storage conditions on pollen
viability (%) in brinjal

* Sufficient pollen not available for assessing viability.

It was observed that the response of pollen to
different storage conditions varied depending on the
variety. However, in general, the deep freeze conditions
seem to be better. The nine month old pollens were
taken out from lab and were used to make crosses in
the field. The setting of fruits did take place but the
development of fruits was slow and restricted. In some
cases, the development of fruit was severely affected
though the fruit setting was successful  (Figure 40)

Seed quality enhancement through priming and
polymer coating: The priming of brinjal seed was done
with three concentrations each of inert osmotica PEG
6000, mannitol and sorbitol. Distilled water was used
as control. The duration of treatment was 24 to 168
hours (1-7) in two replications at 25OC. The germination
and seedling vigour was observed in the laboratory.
The seeds treated with the best performing treatments
in the lab conditions were evaluated under field
conditions.

Table 41: Field evaluation of brinjal raised from
primed seeds

 
 

Varieties

Viability (%) 
Initial  

viability 
Ambient Temperature Refrigerator 

Months after  
storage 

Months after  
storage 

3 6 9 12 3 6 9 12 
Pant Rituraj 93.27 92.13 74.86 65.65 55.18 70.31 72.56 64.69 65.10 
PR-5 92.51 91.48 71.11 71.88 66.37 62.22 70.51 66.76 64.00 
K.Prakash 88.14 87.69 72.04 69.26 59.61 83.62 68.65 62.95 55.50 
Kashi Taru 90.34 86.11 73.14 67.97 56.55 72.42 84.26 70.81 60.83 
Punjab Barsati 85.33 84.82 72.34 72.35 61.11 68.23 71.86 66.55 57.50 
Punjab  
Sadabahar 

88.17 87.77 * * * 84.91 73.71 61.96 65.62 

 

 
 

Varieties 

Viability (%) 
Initial 

viability 
-20

0
C -80

0
C 

Months after  
storage 

Months after  
storage 

3 6 9 12 3 6 9 12 
Pant Rituraj 93.27 72.95 70.19 65.05 59.28 79.63 77.58 60.74 68.05 
PR-5 92.51 69.54 67.00 74.17 52.38 85.19 87.50 70.18 72.22 
K. Prakash 88.14 80.73 66.48 63.05 56.55 81.58 71.11 63.33 61.27 
Kashi Taru 90.34 87.27 74.98 68.33 58.92 89.42 83.70 62.36 67.78 
Punjab Barsati 85.33 78.01 71.16 69.17 68.05 80.26 65.93 65.00 55.71 
Punjab  
Sadabahar 

88.17 79.54 65.68 70.55 60.47 68.20 71.50 62.68 62.96 

 

Chemical Priming No. of Fruits/ 
Plant 

Yield 
(q/ha) 

PEG 2% 2 28 364.57 
 4 25 332.61 
 7 23 304.21 
Sorbitol 4% 2 32 403.52 
 4 27 354.21 
 7 25 298.50 
Mannitol 4% 2 30 389.35 
 4 28 342.58 
 7 24 302.30 
Control - 26 346.50 

 
For polymer coating, five concentrations of four

chemicals viz. PEG (Poly Ethylene Glycol), PVC (Poly
Vinyl Chloride resin), PVA (Poly Vinyl Acetate) and
PVP (Poly Vinyl Pyrolidone) along with a distilled
water soaked & an untreated control were tried on okra,
tomato and brinjal seeds. Preliminary results indicate
that germination ranged from 25.33 to 82% and
seedling vigour index from 789.33 to 2687 in okra. In

Contd.
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tomato the germination ranged from  0 to 70.67% and
seedling vigour index from  0 to 754.67 whereas in
brinjal the germination ranged from 0 to 70% and
seedling vigour index from  0 to 784.

Vegetable seed production  : At IIVR farm, the overall
seed production programme (Breeder+TL) was
undertaken in 24 varieties of 17 vegetable crops. The

Figure 40: Fruit setting in different genotypes of brinjal after crosses made by stored pollen

breeder seed production was undertaken for 14
varieties in 8 different vegetable crops viz.  tomato,
brinjal, chilli, cowpea, peas, bottle gourd, okra and
radish. A total of 421 kg breeder seeds were produced
against the National  indents from Deputy
Commissioner (Seeds). In addition to National indent,
1415 kg breeder seeds of different varieties of IIVR were
also produced.

Promising varieties identified by the institute for state release
During the second meeting of the Institute

Varietal and Technology Identification
Committee, twelve varieties/hybrids were
identified for release at Institute level. These
varieties/hybrids include some promising
lines developed by the institute and are very
popular among the farmers and also high
yielding varieties in several under-utilized
vegetable crops for  which trials are not
conducted in the AICRP (VC). The details are
as follows :

Kashi Abhay: This is a
s e m i - d e t e r m i n a t e
hybrid tomato (Solanum
lycopersicum) with
uniform maturity and
partialy tolerant to
ToLCV due to presence
of Ty-2 and Ty-3 genes
in heterozygous state. The hybrid has yield
potential of 60-70 t/ha.

Kashi Tez: A CMS-
based early maturing,
dual purpose hybrid
chilli (Capsicum
annum), tolerant to
anthracnose disease
and thrips but
susceptible to mites. Single plant produces 150-
175 parrot green fruits/plant yielding 14-15 t/
ha with high pungency.

Kashi Uttam: Round
fruited high yielding
brinjal (Solanum
melongena) variety, in
medium maturity
group with first
picking at marketable
stage at 101 days after transplanting. Plants are
tolerant to Fruit and shoot borer, resistant to
lodging and having yield potential of 50-55 t/
ha. Fruits are round, purple, shiny with less
seeds suitable for bharta making.
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Kashi Suphal: Less-
seeded,  more fleshy
pointed gourd
(Trichosanthus dioica)
with attractive fruits
having better keeping
quality, suitable for
culinary purpose and
sweet making. Harvesting starts 90-95 DAT.
The variety yields between 180-215 q/ha.

Kashi Shubhangi:
Early maturing, pepo
(Cucurbita pepo) variety
having bushy growth
habit bearing 8-10
medium sized
elongated, dark green
fruits, yielding 600-675
q/ha with average
fruit weight of 800-900
g.

Kashi Khushi: High
yielding variety of
satputia (Luffa
acutangula ssp.
hermaphrodita) bearing
light green fruits with 10 dark green superficial
and continuous longitudinal ridges. Single plant
of the variety bears approximately 140 fruits/
plant in a cluster of 5-6 fruits yielding 5.24-6.27
kg/plant ranging in 8-10 picking.

Kashi Bharpoor: A
high yielding variety of
ivy gourd (Coccinia
grandis) bearing 3200-
3500 oval shaped light
green fruits/plant.
Single plant yields 25-
28 kg marketable fruits available for picking in
45-50 DAP.

Kashi Haritika: An
early maturing and
high yielding variety of
kartoli (Momordica
dioica) with better
quality fruits, bearing
65-95 ovoid/round

shaped dark green fruits/plant with dense soft
spines having consumer preference, yielding 1.9-
2.55 kg/plant and having yield potential of  30-
35 t/ha.

Kashi Gautam: An
early maturing (75-85
DAS) variety of kakrol
( M o m o r d i c a
subanguculata  ssp.
renigera), bearing
medium sized,
elliptical shaped, light green fruit with medium
conical spines. Single plant bears 45-63 fruits
yielding 2.5-4.5 kg fruits of marketable size.

Kashi Khushhaal:
Semi-pole type early
maturing Indian bean
(Dolichos lablab)
bearing dark green,
shiny, slightly curved
and glabarous fruits
having pod length of
13.5 cm bearing 4-5
coffee coloured seeds. First picking starts in 107
and yields 30-38 t/ha.

Kashi Sampann: Late
maturing French bean
(Phaseolous vulgaris)
variety having bush
type growth habit,
high yielding plant
bearing 45-50 round,
light green pods. The plants are tolerant to
GYMV and high temperature (32-38oC) and
have yield potential of 150-200 q/ha.

Kashi Pitamber: A
watermelon (Citrullus
lanatus) variety with
yellow coloured rind
right from ovary stage,
early maturing (76-81
DAS) bearing small
fruits (2.50-3.42 kg).
Single plant yields 8.3-12.5 kg fruits of
marketable size.
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MEGA PROGRAMME-3:
PRODUCTIVITY ENHANCEMENT
THROUGH BETTER RESOURCE
MANAGEMENT
Programme Leader: S.N.S. Chaurasia

SUB PROJECT 3.1: Technologies for Protected
and Off-Season Vegetable Production

SNS Chaurasia, RN Prasad,  Sudhir Singh, RB Yadava,
DK Singh, TD Lama, Anant Bahadur, TK Koley,  MH
Kodondaram, S Saha, and Vanitha SM

Plug tray nursery raising under low tunnel polyhouse:
The plug tray nursery raising technique was
standardised in tomato. The locally available medium
viz FYM, vermicompost, ash, sawdust, sand, soil and
rice husk alone and in 46 different combinations were
tested under low tunnel polyhouse and compared with
commercially available cocopeat to reduce the cost of
seedlings production.

The maximum plant height and biomass was
recorded with vermicompost (75%) + Rice husk (25%).
However, it was noted at par with cocopeat (75%) +
vermicompost (25%) and FYM (75%) + rice husk (25%).

Figure 1 : Tomato seedling raised on rice husk and
vermicompost

Raising of tomato under low cost controlled
conditions: The present experiment was under taken
to develop protocols for cultivation of tomato under
low cost protected conditions with variety Tolstoy. The
experiment was laid in two semi protected structures
i.e. naturally ventilated net house and poly house
during Rabi-2013. The maximum plant height,
internodal length, number of nodes, number of fruits
and fruit yield was noted under polyhouse followed
by net house conditions. The minimum yield and
growth parameters were recorded under open field
condition. An increase of 39.5 percent yield was noted
under polyhouse compared to the open condition.

Table 1: Growth of tomato under different growing
conditions

Table 2: Yield and yield attributing characters of
tomato under different growing conditions

Performance of capsicum under naturally ventilated
low cost protected structures: The performance of four
capsicum hybrids/varieties was evaluated under
naturally ventilated protected structures. The seedlings
were raised in plug trays on 18-10-2013 under low
tunnel polyhouse condition and transplanted under
different protected structures on 4-12-2013. The growth,
yield and quality parameters recorded periodically
revealed that the performance of Swarna (yellow
coloured) and Indra (red coloured) was better as
compared to the other varieties i.e. Cab-1201 and Popti.
However, the number of fruits and yield per plant was
maximum in Popti.

S. 
No. 

Growing 
conditions 

Stage Plant 
height 
(cm) 

Length of 
internodes 

(cm) 

No. of 
nodes 

1 Net house Active 
growth  

75.5 7.82 13.3 

Flowering  110.5 7.92 19.5 

Maturity 213.3 8.63 26.0 

2 Poly house Active 
growth  

81.3 4.91 15.3 

Flowering  142.7 5.85 26.4 

Maturity 308.3 7.86 51.1 

3 Open field 
conditions 

Active 
growth  

59.2 4.32 14.0 

Flowering  95.6 5.66 28.5 

Maturity 168.9 7.26 31.33 

 

S. 
No. 

Growing 
conditions 

Average 
fruit 

weight 
(g) 

No. of 
fruits/ 
plant 

Pericarp 
thickness 

(mm) 

Yield  
(kg/ 

plant) 

 

Yield  
(q/ha) 

 

1 Net house 60.00 55.56 0.80 3.33 666.12 

2 Poly house 63.63 67.66 0.73 4.31 862.00 

3 Open field 
conditions 

52.50 48.66 0.60 2.55 510.23

C.D. at 5% 5.16 3.23 0.02 0.12 38.55 
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Table 3: Performance of capsicum grown under protected conditions

Variety/Hybrid Growing conditions Plant height 
(cm) 

Average fruit wt. 
(g) 

No of fruits / 
plant 

Yield (kg)/  
plant 

Swarna 
 
 

Net House 65.5 147.5 8.1 1.85 
Poly House 75.7 143.3 7.8 1.65 
Poly Hut 62.3 138.5 9.3 1.42 
Open Field 45.2 98.7 10.6 1.30 

Indra Net House 60.2 132.3 8.5 1.93 
Poly House 65.7 130.3 8.4 1.81 
Poly Hut 58.3 120.6 9.6 1.23 
Open Field 40.3 103.2 9.7 1.12 

Popti Net House 43.2 82.6 17.4 1.95 
Poly House 49.6 76.3 13.1 1.62 
Poly Hut 47.2 65.3 13.5 1.35
Open Field 37.3 60.7 14.3 1.02 

Cab-1201 Net House 45.5 124.5 7.0 1.37 
Poly House 47.3 110.6 6.9 1.24 
Poly Hut 43.5 95.3 7.2 1.20 
Open Field 45.7 87.5 8.3 0.97 

 

Table 5:  Relationships between growing degree days
(GDD), biomass accumulation and yield in cowpea
and tomato.

Figure 2: Capsicum var. Cab.1201 (Green), Indra (Red), Swarna (Yellow) grown under naturally ventilated low cost
protected structure

Table 4: Yield   (q/ha) of cowpea and tomato under
different sowing/planting environment

SUB PROJECT 3.2: Precision Farming in
Vegetable Crops

R.N. Prasad, R.B. Yadava and T.D. Lama

Field experiments were conducted during Kharif,
2013 and Rabi 2013-14 to study the performance of
cowpea and tomato under different sowing/planting
environments. In cowpea, the maximum yield of 127.6
q/ha was obtained under second date of sowing
(29.3.2013). The maximum yield in tomato (546.7 q/
ha) was obtained in cv. Kashi Anupam followed by
Kashi Amrit (532.6q/ha) and Kashi Vishesh (481.4 q/
ha) under second date of transplanting i.e.  on
24.10.2013 (Table 4). The maximum above ground
biomass accumulation was higher in crop transplanted
on 24.10.2013 (Figure 3). The biomass production and
yield in both cowpea and tomato crops were found to
be closely related to the growing degree days (GDD).
The coefficient of determination (Table 5) ranging from
0.79 to 0.91 in cowpea and 0.80 to 0.85 in tomato suggest
that these equations so developed can be used
satisfactorily for prediction of biomass production and
yield in cowpea and tomato using GDD.

Crop/Variety I sowing/ 
transplanting 

II sowing/ 
transplanting 

III sowing/ 
transplanting 

Cowpea 
(Kashi Kanchan) 

121.6 127.6 94.8 

Tomato 

Kashi Amrit 514.2 532.6 339.7 

Kashi Anupam 528.5 546.7 362.2 

Kashi  Vishesh 427.6 481.4 301.5 

 

 
Cowpea 

Biomass = 0.027GDD - 6.574 R2 = 0.91 

Yield = 0.162GDD – 152.06 R2 = 0.79 

Tomato 

Biomass = 0.141GDD - 30.06 R2 = 0.85

Yield = 0.913GDD – 379.97 R2 = 0.80 
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Development of decision support system for
nutrient management in vegetable crops :
Diagnosis and amelioration of nutrient deficiencies is
critical for sustaining quality vegetable production and
therefore, a web-based decision support system for
diagnosis and management of macro and
micronutrient deficiencies in vegetable crops has been

developed with the aim to provide a guide for
identification of nutrient deficiencies and disorders in
vegetable crops and their remedial measures. Besides,
the system also provides information on the
nutrients, their functions and deficiency symptoms in
plants and ameliorative measures for correcting the
deficiencies.

Figure 3: Above ground biomass accumulation in (a) cowpea under different sowing dates, and (b, c, & d) tomato under
different dates of transplanting (S1, S2 & S3 are 1st, 2nd and 3rd sowing dates; T1, T2 & T3 are 1st, 2nd and 3rd transplanting
dates)

Figure 4: Web based decision support system for diagnosis and management of nutrient deficiency in vegetable crops.
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Studies on the effect of N levels on growth and yield
of tomato: An experiment was conducted to study the
response of tomato cv. Kashi Aman to graded levels of
nitrogen (0, 40, 80, 120, 160, 200, and 240 kg N/ha)
during Rabi 2013-14. The data presented in figure 5
reveal that  there was an increasing trend in growth,
biomass accumulation , Chlorophyll Content Index and
yield of tomato up to 160 kg N/ha. Beyond this level,
there was a decreasing trend in all the parameters due
to detrimental effects of higher doses of nitrogen on
physiological activities of the plant.

Figure 5: Effect of nitrogen fertilization levels on yield,
biomass and chlorophyll content index (CCI) of tomato

Studies on weed control: An experiment was
conducted during Kharif - 2013 to control the weeds
especially motha (Cyperus rotundus) at IIVR farm. Five
concentrations of glyphosate (0, 2, 4, 6 and 8%) were
sprayed. The data reveal that the dry matter production
per unit area was least (18.75 g/m2) with the use of
glyphosate @ 8% where as in control, it was mximum
(78.75 g/m2). Further, it is interesting to note that the
regeneration of weeds started after 90 days of spraying
of glyphosate @ 8%. The major weeds observed in the
field were Cyperus rotundus, Cynodon dactylon,
Phylanthus niruri, Asphodelus fistulosus, Trianthema sp.,
Parthenium hysterophorus L. and Chicorium intybus.

Similarly, a trial was conducted during Rabi 2013
-14 to control the weeds in cauliflower. The data
revealed that the dry matter   production of weeds under
black polythene mulch was lowest (1.36 g/m2) followed
by mulching with rice straw (15.61 g/m2), which shows
that there was less population of weeds per unit area
that resulted in better growth and yield of cauliflower.
The maximum yield (310.72 q/ha) was obtained with
this treatment. The major weeds observed in the crop
were Bathua -  Chenopodium album, Makoy – Solanum
nigrum, Senji – Melilotus alba, Motha – Cyperus rotundus,
Fumaria – Fumaria parviflora, Coronopus – Coronopus
dydimus, Krishna Neel – Anagalis arvensis, Wild palak
– Rumex obtusifolius, Jungali gobhi – Launea mudicaulis.

SUB PROJECT 3.4: Impact of Organic and
Inorganic Management Systems on Vegetable
Productivity, Quality and Soil Health

RB Yadava, TD Lama, Sudhir Singh, RN Prasad, DK
Singh, Jaydeep Halder, M Manjunath and P Sellaperumal

Effect of different organic treatments on
crop yields
Zaid-2013: During Zaid season, cowpea (var. Kashi
Kanchan) and okra (Kashi Kranti) were grown under
nine different organic management treatments (T1-FYM
@ 20 t/ha; T 2-Poultry manure @ 5 t/ha; T 3-
Vermicompost @ 7 t/ha; T4- FYM @ 10 t/ha+ poultry
manure @ 2.5 t/ha; T5- FYM @10 t/ha+ vermicompost
@ 3.5 t/ha;  T 6- poultry manure @ 2.5 t/ha +
vermicompost @ 3.5 t/ha; T7- FYM @ 10 t/ha+ poultry
manure @ 2.5 t/ha + Biofertilizers (Rhizobium  /
Azotobacter + PSB); T8- FYM @10 t/ha + vermicompost
@ 3.5 t/ha + Biofertilizers; T9- poultry manure @ 2.5 t/
ha + vermicompost @ 3.5 t/ha + Biofertilizers) imposed
during Rabi 2012-13. An inorganic control (T10)
receiving only N, P, K through inorganic fertilizers and
an absolute control  (T 11) were also taken for
comparisons. The results presented in figure 6 and 7
reveal that the maximum yield of cowpea (72.1 q/ha)
and okra (82.8 q/ha) was recorded with the integrated
application of 10 t/ha FYM+2.5 t/ha poultry manure
+ Rhizobium /Azotobacter + PSB whereas, the minimum
yields (cowpea-20.3 q/ha and okra-35.4 q/ha) were
recorded under absolute control.

Kharif-2013: During Kharif season, cowpea (var. Kashi
Kanchan) was grown under different organic
management systems. The results presented in Fig.-9
reveal that combined application of organic manures
along with bio-inoculation with Rhizobium  and PSB
was more effective as compared to other treatment
combinations. The maximum yield (89.9 q/ha) was
recorded with the application of FYM @ 10 t/ha +Figure 6: Weed control in cauliflower
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Figure 7: Response of cowpea to different treatments Figure 8: Response of okra to different treatments

poultry manure @ 2.5 t/ha + Rhizobium and PSB. The
lowest yield (31.6 q/ha) was obtained under absolute
control.

Figure 9: Response of cowpea to different treatments
during Kharif season

Rabi-2013-14: Cabbage (var. Golden Acre) and tomato
(var. Kashi Vishesh) were planted under nine different
organic treatments along with one inorganic and one
absolute control during Rabi season. The data
presented in Fig- 10&11 indicate that combined use of
organic manures in 1:1 ratio was superior to their single
application. The bio-inoculation with Azotobacter and

phosphate solubilizing bacteria further improved the
beneficial effects of combined use of organic manures.
The maximum yield of cabbage (347.7 q/ha) and tomato
(342.4 q/ha) was recorded with the application of FYM
@10 t/ha  + poultry manure @ 2.5 t/ha + Azotobacter +
PSB. The lowest yield (cabbage-168.0 q/ha and tomato-
132.4 q/ha) was recorded under absolute where no
manure/ fertilizer was used.

Effect of different organic treatments on
incidence of major insect pests

The incidence of major insect pests of cowpea viz.,
spotted pod borer  (Maruca vitrata)  and cabbage i.e.,
diamond back moth (Plutella  xylostella Linn.) and head
borer (Hellula undalis Fabricius.) were recorded in
different organically and inorganically managed plots.
It was observed that lowest pod borer incidence in
cowpea in terms of per cent pod damage (14.11%) was
recorded under T3 where vermicompost was applied
@ 7 t/ha followed by T4 (FYM @ 10 t/ha + poultry
manure @ 2.5 t/ha) with 14.85% pod damage. Both the
treatments were statistically at par to each other.
Inorganically managed plots recorded significantly
highest pod damage (37.25%).  Similar trend was

Figure 10: Yield of cabbage in relation to different
treatments

Figure 11: Yield of tomato in relation to different
treatments
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observed in case of cabbage also. The lowest DBM
(2.96/plant) and head borer (20.83/plot) incidences
were recorded in T8 comprising FYM @ 10 t/ha +
vermicompost @ 3.5 t/ha + biofertilizers followed by
T2 (poultry manure @ 5 t/ha) with 3.01 DBM/plant
and 22.59 head borer /plot. Interestingly, inorganic
plots with recommended doses of fertilizers harboured
the highest DBM (5.56) and head borer (54.12)
populations. The number of predators viz., spiders in
cowpea and coccinellids in cabbage were significantly
higher in all the organic plots as compared to the
inorganic one (2.9 and 2.3 per plant, respectively).

Effect of different organic treatments on
nematode population dynamics:

The population of nematodes was recorded at the
beginning (Pi) and end of the crop season (Pf) under
different treatments (Table-6). The results reveal that
nematode population in both the crops was more under
inorganic and absolute control treatments as compared
to organic treatments. In general, the percent reduction
in nematode population was more under organic
systems and the maximum reduction was noticed with
the combined use of FYM @ 10 t/ha + poultry manure
@ 2.5 t/ha + biofertilizers.

Table 6: Effect of different treatments on nematode
population dynamics in cowpea and cabbage

Figure 12: Cowpea pod damage by M. vitrata as affected
by different treatments

*One plot comprising 250 cabbage plants

Figure 13: Incidence of DBM and cabbage head borer under
different treatments

Treatments  Cowpea Cabbage 
P(i) P(f) % 

incre-
ase (+) 

or 
decre-
ase (-) 

P(i) P(f) % 
incr-
ease 

or dec-
rease 

T1  FYM @ 20t/ha  208.0 184.0 (-) 13.0 199.7 163.0 (-) 22.5 
T2  PM @ 5t/ha  222.3 188.3 (-) 18.1 213.3 158.0 (-) 35.0 
T3  VC@ 7t/ha  198.0 177.7 (-) 11.4 202.0 168.7 (-) 19.8 
T4  FYM @ 10t/ha+ 

PM @ 2.5t/ha  
211.0 168.3 (-) 25.3 218.3 163.3 (-) 33.7 

T5  FYM @ 10t/ha + 
VC @ 3.5t/ha  

232.3 186.7 (-) 24.4 193.0 143.3 (-) 34.7 

T6  PM @ 2.5t/ha+ 
VC@ 3.5t/ha  

208.0 165.3 (-) 25.8 206.0 155.3 (-) 32.6 

T7 FYM @ 10t/ha+ 
PM @ 2.5 t/ha+ 
Bio  

209.7 155.0 (-) 35.3 217.0 147.7 (-)46.9) 

T8  FYM @ 10t/ha+ 
VC @ 3.5t/ha+ 
Bio  

242.0 183.0 (-) 32.3 222.3 155.3 (-) 43.2 

T9  PM @ 2.5t/ha+ 
VC @ 3.5t/ha+ 
Bio  

215.0 156.0 (-) 37.8 242.0 165.7 (-) 46.0 

T10  Inorganic 
control  

243.0 304.3 (+) 20.2 235.7 213.3 (-) 10.5 

T11  Absolute 
control  

244.7 292.3 (+) 16.3 186.3 170.3 (-) 9.40 

FYM-Farm Yard Manure; PM-Poultry Manure; VC-
Vermicompost and Bio-Biofertilizer  
 

Figure 14: Abundance of spiders in cowpea and Coccinellid
beetles in cabbage

Effect of different organic treatments on
quality of vegetables:

The quality of vegetables was evaluated in terms
of colour and texture. It was observed that there was
no consistent trend in colour and texture under
different treatments. In cowpea, the green colour (a
value) varied from -6.35 to -7.02 under different
treatments. The texture measured with needle probe
(P2N) varied from 5.15 N to 5.84 N. In case of okra, the
colour and texture ranged from -5.71to -5.83 and 1.94
N to 2.07 N, respectively.
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During Rabi season, the colour of cabbage varied
from -14.47 to -15.27 whereas the texture ranged from
5.97 N to 6.24N. Similarly, the colour and texture in
tomato varied in a narrow range of 4.09-5.02 and 1.22
N- 1.60N, respectively.

Effect of different organic management
systems on soil properties:
Carbon stock and carbon sequestration: The analysis
of soil samples reveal that soil carbon stock and carbon
sequestration were influenced significantly with
different organic management systems. The carbon
stock ranged from a minimum of 1.02 mg/ha under
absolute control to a maximum of 1.238 mg/ha with
the use of FYM @ 20 t/ha. The carbon sequestration
under different organic management systems was
found to be maximum (215.1 kg/ha/yr) under FYM @
20 t/ha whereas, it was lowest (21.3 kg/ha/yr) under
inorganic control.

Figure 15:  Soil carbon stock and carbon sequestration
under different treatments

Soil microbial activity: The total soil microbial activity
in relation to different organic management systems
was determined in terms of FDA (Fluorescein diacetate)

g soil) microbial activity under the treatment T9, which
received poultry manure @ 2.5 t/ha + vermicompost @
3.5 t/ha + biofertilizers. Under inorganic management

Soil moisture dynamics: The data on soil moisture
dynamics presented in figure 16 reveal that the soil
moisture under different organic management systems
was higher as compared to inorganic (T10) and absolute
control (T11) treatments. The soil water content was
highest in T9 treatment and relatively uniform as
compared to other treatments. It varied from 20.13-
20.45% in 0-15 cm and 15-30 cm depths, respectively
with 9.14 cm water in 0-45 cm soil profile. The lowest
water content in soil profile was observed under T10

and T11 treatments with 7.61 and 7.62 cm water in 0-
45 cm soil depth.

Soil moisture dynamics under different organic
treatments: The soil moisture content in upper 45 cm
soil profile under different organic management
systems (T1-T9) was found higher as compared to
inorganic (T10) and absolute control (T11) treatments
(Figure 17). The soil water content was highest in T8
treatment and relatively uniform as compared to other
treatments due to application of FYM +Vermi compost
+ bio fertilizer.  Soil water content varied from 23.7-
25.9% in 0-15 cm and 15-30 cm depths, respectively
with 11.56 cm and 12.26 cm water in 0-45 cm soil profile,
respectively for tomato and cabbage. The lowest water
content in soil profile was observed under T11 followed
by T10 treatment with 9.13 and 9.21 cm water in 0-45
cm soil depth, respectively under tomato and 9.78 cm
and 10.02 cm under cabbage.

Figure 17: Depth of soil water in 45 cm soil profile with
different treatments under tomato and cabbage.

Formulation and evaluation of crop specific
multi-micronutrient mixtures:

In view of the increasing importance of crop
specific micronutrient mixtures,  four multi-
micronutrient formulations (A,B,C&D) for cauliflower/
broccoli were prepared in the laboratory and its efficacy

Figure 16:  Soil moisture dynamics under different
treatments
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was tested under field conditions. These formulations
were applied as foliar sprays in two concentrations i.e.
@ 1.0 g/l and 1.5 g/l three times at 15 days intervals
after 30 days of transplanting on cauliflower and
broccoli. The performance of these formulations was
compared with a commercially available multi-
micronutrient mixture (Prokissan) from Karnataka
Agrochemicals Pvt . Ltd. appl ied as per  its
recommended concentration i.e.  @ 1.0 g/l. The
preliminary results presented in figure 17-20 revealed
that the formulation A applied @ 1.0 g/l proved
superior to Prokissan as well as other formulations in
improving the head weight and yield of both the crops
(Figure 18-21). However, to arrive at any definite
conclusions, these formulations have to be further
evaluated in different concentrations and spray
schedules.

Figure 20:  Effect of micronutrient mixtures on head weight
and head diameter of broccoli

Figure 18:  Effect of micronutrient mixtures on head weight
and head diameter of cauliflower Figure 21:  Effect of micronutrient mixtures on yield of

broccoli

SUB PROJECT 3.5: Improving Soil Health and
Carbon Sequestration in Vegetable Production
System through Conservation Tillage and
Residue Incorporation

T.D. Lama, R.B. Yadava, Anant Bahadur, D.K. Singh,
Vanitha S.M. and M. Manjunath

In cowpea during Zaid 2013, the highest yield
was obtained in plots under conservation tillage with
residue incorporation (113.73 q/ha) followed by
conventional tillage with residue incorporation (109.17
q/ha). However during Kharif season, cowpea yield
was higher in conventional tillage with residue
incorporation (115.18 q/ha) followed by conservation
tillage with residue incorporation (111.63 q/ha). The
yields of chilli, cabbage and tomato were higher in
conservation tillage with residue incorporation (131.28,
356.67 and 396.75 q/ha, respectively) followed by

Figure 19:  Effect of micronutrient mixtures on yield of
cauliflower
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conventional tillage with residue incorporation
(125.89, 348.22 and 354.18 q/ha, respectively).
Relatively lower yields were obtained in both the tillage
treatments without residue incorporation (Fig. 22).

Figure 22:  Crop yield as influenced by tillage systems and
residue management

(T1 = Conventiona l tillage + residue incorpora tion; T 2 =
Conventional tillage + residue removal; T3 = Conservation tillage
+ residue incorporation; T4 = Conservation tillage + residue
removal)

Incorporation of residues led to an increase in
the soil organic carbon (SOC) concentration, SOC stock,
carbon pools and soil carbon sequestration (Table 7).
The values of these parameters were also found to be
better in conservation tillage and in cowpea-cabbage-
cowpea cropping system. The total microbial activity
assessed in terms of fluorescein diacetate hydrolytic
activity (FDHA) in the soil samples from different
treatments revealed that the microbial activity was

and cowpea-cabbage-cowpea cropping system (6.03

microbial activity are indicators of soil quality, higher
values of these parameters under conservation tillage,
residue incorporation and cowpea-cabbage-cowpea
cropping system indicated better soil health under these
treatments.

The energy use efficiency and benefit-cost ratio
in all the crops was higher under conservation tillage
than conventional tillage due to reduced input use
particularly, energy and capital inputs (Table 8).
However, the energy use efficiency was lower with
residue incorporation due to increase in energy input
resulting from addition of crop residues.

The study indicated that conservation tillage and
residue incorporation technology to be a sustainable
management strategy in vegetable production system
for improving soil quality and crop productivity,
saving of resources and improving carbon
sequestration to mitigate climate change.

Table 7: Effect of tillage, residue management and
cropping system on SOC, SOC stock, SOC pools and
SOC sequestration

Treatments O.C. 
(g/kg) 

C stock 
(mg/ha) 

Labile 
C 

(g/kg)

Non 
labile 

C 
(g/kg) 

Soil C 
sequestration 

(kg/ha/yr)

Cowpea-
Cabbage-
Cowpea 

5.68 1.39 0.34 5.33 67.24 

Chilli-Cowpea 5.60 1.37 0.32 5.31 48.90 
Tomato-
Cowpea 

5.63 1.38 0.29 5.31 55.01 

Conventional 
tillage 

5.60 1.37 0.30 5.30 48.90 

Conservation 
tillage 

5.67 1.39 0.33 5.33 65.20 

Residue 
incorporation 

5.70 1.39 0.33 5.37 73.35 

Residue 
removal 

5.57 1.36 0.30 5.26 48.90 

 

Table 8: Energy output-input and benefit-cost (B:C) ratios under different tillage and residue management
treatments

Treatments Cowpea Zaid Cowpea Kharif Chilli Cabbage Tomato 

Energy Use 
Efficiency

B:C 
Ratio

Energy Use 
Efficiency

B:C 
Ratio

Energy Use 
Efficiency

B:C 
Ratio

Energy Use 
Efficiency

B:C 
Ratio

Energy Use 
Efficiency

B:C 
Ratio

Conventional 
tillage 

4.23 
 

2.24 
 

4.61 
 

2.82 
 

1.24 
 

2.14 
 

2.43 
 

3.72 
 

2.70 
 

2.74 
 

Conservation 
tillage 

4.43 
 

2.30 
 

5.71 
 

2.90 
 

1.49 
 

2.40 
 

2.61 
 

4.19 
 

2.95 
 

3.25 
 

Residue 
incorporation 

1.48 
 

2.59 
 

1.47 3.00 0.89 
 

2.42 
 

1.43 
 

4.05 
 

1.32 
 

3.18 
 

Residue 
removal 

7.18 
 

1.94 
 

8.93 2.72 1.83 
 

2.12 
 

3.61 
 

3.86 
 

4.33 
 

2.82 
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SUB PROJECT 3.6: Enhancing Water and
Nutrient Use Efficiency in Vegetable Crops

Anant Bahadur, S.N.S. Chaurasia, D.K. Singh, R.N.
Prasad and T.D. Lama

Effect of N fertigation schedule in tomato
and cucumber

In tomato, for validation of previous year findings
the experiment was carried out on determinate tomato
cv. Kashi Vishesh. Experimental findings revealed that
sub-surface drip irrigation (SSDI) significantly
improved the yield of tomato, and SSDI has observed
16.2% higher yield over surface drip irrigation.
Similarly, drip fertigation of N up to 150 kg/ ha
significantly enhanced the yield parameters in tomato,
and this level of N has registered 32% higher yield
over N at 90 kg /ha (Table 9). In present study, the
maximum fruits/plant (22), fruit weight (115.7 g), fruit
yield (82.67 t/ha) and WUE (1.69 q/ha/cm) was
recorded when tomatoes were planted under SSDI and
N was fertigated at 150 kg/ha. However, the maximum
field nitrogen use efficiency (6.48 q/ha/kg N)) was
reported under N at 90 kg/ha (Figure 23).

In cucumber (cv. Swarna Ageti), the experiment
was conducted during spring-summer with 4
fertigation levels of N (90, 120, 150 and 180 kg N/ha).
The crop could sustain only up to first harvest due to
heavy infestation of whitefly. The total N uptake in
cucumber (Table-10) varied from 0.41 to 1.21 mg/g of
total above ground dry biomass with maximum uptake
under highest dose of N fertilizer applied (180 kg N/
ha). The uptake of N in vine and leaf varied from 0.11-
0.32 and 0.20-0.61 mg/g, respectively. The N uptake in
fruit ranged from 22.74-24.53%, and it was non-
significant under different N fertigation schedules.

Irrigation 
system/ N rate 
(kg) 

No. of fruits/ plant Fruit weight (g) Yield (t/ ha) 
Surface SSDI Mean Surface SSDI Mean Surface SSDI Mean 

N1 (90) 10.3 15.0 12.7 81.7 87.3 84.5 56.05 60.66 58.36 
N2 (120) 13.3 17.3 15.3 95.4 98.5 97.0 66.43 73.37 69.90 
N3 (150) 17.7 22.0 19.9 102.3 115.7 109.0 71.44 82.67 77.06 
N4 (180) 14.7 17.7 16.2 91.4 94.9 93.2 62.56 74.8 68.68 

Mean 14.0 18.0  90.7 96.3  63.21 73.45  
CD (0.05) I = 2.3, N= 2.8,  I x N = 3.2 I = NS, N= 6.73,  I x N = 8.67 I= 6.40, N= 6.85,  IxN = 8.23 

 

Figure 23: Effect of drip irrigation and N rates on Water
and Nitrogen use efficiency

Treatment N content (mg/g) Fruit N as % of total 
plant N Vine Leaf Total vegetative parts Fruit Total plant parts 

90 kg N 0.11 0.20 0.31 0.10 0.41 24.53 
120 kg N 0.27 0.38 0.65 0.19 0.85 22.74 
150 kg N 0.32 0.54 0.86 0.26 1.11 22.97 
180 kg N 0.32 0.61 0.93 0.28 1.21 23.07 

 

Table 9: Effect of drip irrigation layout and N rates on yield traits, water and nutrient use efficiency in tomato

Table 10: Nitrogen uptake in different plant parts of cucumber as affected by N application rates

Figure 24: Spring-summer cucumber crop under drip
fertigation system

Effect of IPNM in bottle gourd
In this experiment, three organic sources i.e. FYM,

vermicompost and poultry manure were used alone or
in various combinations including recommended NPK
(Table-11). The maximum number of fruits (5.3/plant)
and fruit yields (9.74 kg/plant and 373.70 q/ha) were
recorded with combined application of FYM,
vermicompost and poultry manure ensuring 40 kg N
from each sources (T4). This treatment registered about
23% higher yields over recommended dose of NPK (T9).
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Trt. Treatment details Fruit 
No./ 
plant 

Fruit 
length 
(cm) 

Fruit 
girth 
(cm) 

Yield/ 
plant 
(kg) 

Fruit 
yield 
(q/ha) 

T1 FYM 25 t/ha (120 kg N) 5.0 36.13 23.47 7.94 338.15 
T2 Vermicompost 8 t/ha 

(120 kg N) 
4.7 32.83 21.40 8.14 335.19 

T3 Poultry manure 6 t/ha 
(120 kg N) 

4.7 38.60 21.87 6.13 257.41 

T4 FYM 8t/ha + 
Vermicompost 2.7t/ha 
+ Poultry manure 2t/ha 
(40 kg N from each) 

5.3 40.83 25.60 9.74 373.70 

T5 T1 + ½ Rec. NPK 5.0 41.43 28.27 8.59 351.85
T6 T2 + ½ Rec. NPK 3.0 36.57 22.87 7.10 315.37 
T7 T3 + ½ Rec. NPK 4.0 37.40 24.73 5.25 227.04 
T8 T4 + ½ Rec. NPK 3.0 30.40 21.20 6.08 270.37 
T9  Rec. NPK (120:60: 60 

kg/ha)  
3.3 36.53 23.53 7.33 304.81 

 CD 0.05 0.42 4.06 1.87 0.91 21.63 
 

SUB PROJECT 3.8: Performance of Vegetable
Crops under Subsurface Drip Irrigation
System

D.K. Singh, Anant Bahadur and S.N.S. Chaurasia

Laterals of subsurface drip irrigation (SDI) were
laid out at different depths to standardize placement
depths for irrigation of tomato and pointed gourd. Drip
irrigation system was calibrated for operating
pressure and resulting discharge of emitters.
Irrigation schedules were prepared and crops were
irrigated accordingly. The crop growth, soil water
content and crop yields were observed during the
experiment.

Performance of tomato under subsurface drip
irrigation: The tomato variety Kashi Vishesh was
transplanted at 50 cm plant to plant spacing matching
the emitter spacing on the drip lateral placed at 5, 10
and 15 cm depths and at the soil surface (Figure 25).  It
was found that the yield of tomato increased for all
lateral placement depths (Figure 26).

Figure 25  : Tomato under subsurface drip irrigation

Maximum yield (51 t/ha) was realized under SDI
with 10 cm placement depth of lateral which was 15%
higher than that under surface drip. Increase in yield
of tomato under SDI with 5 and 15 cm placement depths
of lateral over surface drip was 6.3 and 10.1%,
respectively (Figure 27). The higher yields of tomato
may be attributed to maximum plant growth and
uniform water available for plant growth with SDI.
Mean plant height, root length and dry root weight
was observed as maximum under SDI with lateral
placed at 10 cm depth. The water use efficiency also
increased by 6-15% with SDI of tomato.

Table 11: Effect of IPNM on fruit production of bottle
gourd

Treat. Treatment 
details 

No. of 
fruits/plant 

Fruit 
wt (g) 

Yield/ 
plant (kg) 

Yield 
(q/ha) 

N1S1 WSF @2.5 g/l  
1 spray 

22.7 288.89 3.48 172.11 

N1S2 WSF @2.5 g/l 
2 spray 

23.3 373.89 3.25 183.11 

N1S3 WSF @2.5 g/l 
3 spray 

24.0 338.33 3.60 169.11 

N2S1 WSF @5 g/l 
1 spray 

25.3 350.56 3.23 177.33 

N2S2 WSF @5 g/l 
2 spray 

24.0 303.89 3.25 191.69 

N2S3 WSF @5 g/l 
3 spray 

25.3 341.67 3.27 206.00 

N3S1 WSF @7.5 g/l 
1 spray 

23.3 332.78 2.98 183.47 

N3S2 WSF @7.5 g/l 
2 spray 

28.7 348.89 4.16 223.27 

N3S3 WSF @7.5 g/l 
3 spray 

30.3 355.56 4.07 229.56 

Control No spray 20.7 323.33 3.55 170.78 
 CD 0.05 2.36 NS 0.45 30.73 

 

Effect of foliar feeding of water soluble
mixed fertilizer in brinjal

In brinjal, efforts were made to optimize the
quantity and frequecy of water soluble mixed fertilizer
(WSF- NPK19:19:19) application. Three concentrations
of WSF (2.5, 5.0 and 7.0 g/l water) with 3 frequency of
foliar sprays (each 20 days intervals at 35 days after
transplanting) were tried  in brinjal cv. Kashi Sandesh
translanted in the month of July. The WSF was applied
over recommended NPK practice (150:60:80 kg NPK/
ha). Experimental findings revelaed that 2-3 spary of
WSF @ 7.5 g/l (N3S1 and N3S2) recorded the maximum
number of fruits (28.7 and 30.3) and fruit yields (4.16
and 4.07 kg/ plant or 223.27 and 229.56 q/ ha). Thsese
two treatments registered 30.7% and 34.4% higher fruit
yield, respectively over control (Table 12).

Table 12: Effect of quantity and frequency of spray of
WSF on yield attributes of brinjal
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Figure 30:  Pointed gourd under subsurface drip irrigation
intercropped with pea

Figure 26:  Mean yield of tomato under subsurface drip
irrigation

Figure 27:  Increase in mean yield under subsurface drip
irrigation

Soil water content: The soil water content at different
soil depths varied with placement depths of SDI
laterals (Figure 28).  Variation in soil water content
under SDI within 30 cm of soil profile was higher as
compared to that within 30-60 cm soil profile.
Maximum variation in soil water content was noticed
under SDI with laterals placed at 15 cm soil depth. It
was found maximum (33.5%) under SDI at the
placement depths of laterals except under surface drip
for which it was maximum at 5 cm depth. Soil water
content with 10 cm placement depth of laterals within
30 cm soil depth was more uniform and maintained at
more than 25% (Figure 29). However, for others
placement depths of laterals, it was less than 25%.
Maintaining higher and favourable soil water content
in root zone with 10 cm placement depth of lateral may
be attributed to higher yield of tomato.

Subsurface drip irrigation of pointed gourd: Pointed
gourd (var.VRPG-2 ) saplings were transplanted at 2
m row to row and 1m plant to plant spacings under
SDI laterals placed at 0, 5, 10, 15, 20 cm depths and
surface irrigation. Pointed gourds were getting

Figure 28:  Soil water content under different placement
depths of SDI laterals

Figure 29:  Soil water content under SDI within upper 30
cm soil profile

established in the experimental plot. The expansion of
vines was less during winter season. Therefore,
pea variety Kashi Samarth was sown in between the
rows of pointed gourd to utilize the area between
rows and also to serve as mulch (Figure 30). It could
realize additional benefit as 70 q/ha green pod yield
of pea.
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MEGA PROGRAMME - 4:  POST
HARVEST MANAGEMENT AND VALUE
ADDITION
Mega-Programme Leader: Sudhir Singh

SUB PROJECT 4.1: Shelf Life Extension for
Preservation of Vegetables

Sudhir Singh and T.K. Koley

Effect of carnauba wax coating on physico-
chemical and nutritional properties of
pointed gourd

Pointed gourd having high nutritional and
medicinal values has limited shelf life of 2-3 days at
ambient storage temperature with defects of wrinkled
surface and loss of turgidity. The present investigation
has been carried out to increase the shelf life in pointed
gourd after coating with commercial ‘Niprofresh’
carnauba wax followed by packaging of treated and

pouches and storage at 10o C and RH of 91% (Max)
and 52% (Min). The treatments consisted of commercial
carnauba wax emulsion (T1), 1:1 dilution with water
(T2), 1:2 dilution with water (T3) and fully control (T4)

pointed gourd samples. All the treated fruits were
analyzed after one week interval for physico-chemical
and nutritional properties.

Moisture content decreased in all the treated
pointed gourd samples during storage due to natural
respiration and transpiration process. However, the
maximum decrease (93.51-73.05%) in moisture content
was obtained in fully control pointed gourd samples
after 30 days of refrigerated storage and minimum
decrease (93.51-81.93%) was attained in the pointed
gourd samples coated with carnauba wax emulsion
(T1). The physiological loss in weight (PLW) decreased
in all the treated and control pointed gourd samples
during storage. Maximum increase in PLW (3.07%) was
obtained in fully control pointed gourd samples
whereas minimum increase (2.22%) in PLW was
assessed in T1 after 30 days of refrigerated storage. The
lower degree of PLW in all treated pointed gourd
samples may be attributed to hydration of condensed
water in polypropylene pouches during refrigerated
storage. Ascorbic acid content in carnauba wax coated
pointed gourd samples decreased during storage.
However, the maximum decrease (84.5%) in ascorbic
acid was obtained in fully control pointed gourd
samples while minimum decrease (62.25%) was
recorded in without diluted carnauba wax (T1) coating
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Figure 31:  Effect of carnauba wax coating on physico- chemical and nutritional properties of pointed gourd

after 30 days of refrigerated storage. The quantity of
electrolyte leakage increased in all the treated pointed
gourd samples during storage. Maximum increase
(23.33-72.5%) of electrolyte leakage was obtained in
fully control pointed gourd samples after 30 days of
storage while minimum increase (23.33-55.44%) of
electrolyte leakage was obtained in T1 samples after
30 days of refrigerated storage.

The texture of all treated pointed gourd samples
decreased during refrigerated storage for 30 days.
However, maximum decrease (68.3%) in pointed gourd
surface was attained in fully control pointed gourd
after 30 days of storage while minimum decrease

(23.32%) was reflected in T1 treated samples. Contrary
to it, the hardness in seed texture increased during
storage. Maximum hardness (3.99 N-5.26 N) in seeds
was obtained in fully control samples while minimum
hardness (3.99 N- 1.72 N) was reported in T1 after 30
days of refrigerated storage. Hue angle and Chroma
values increased in fully control pointed gourd
samples during 30 days of refrigerated storage.
However, minimum increase of Hue angle and Chroma
values of 12.12% and 22.28%, respectively was
obtained in without diluted carnauba wax coated
pointed gourd samples.
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Figure 32: Karonda candy using Black carrot anthocyanin
as natural colorant

Total phenol content and peroxidase activity
decreased in carnauba wax treated pointed gourd
samples during refrigerated storage. However,
maximum decrease (248.37-98.23 mg GAE/100g fw)
in total phenol content was assessed in control samples
while minimum decrease (248.37-140.87 mg GAE/100g
fw) was obtained in without  diluted carnauba wax
coated samples. Similar decrease in peroxidise activity
was recorded in all the treated pointed gourd samples
after 30 days of refrigerated storage.

Pointed gourd with carnauba wax coating and
packaging in polypropylene pouches remained
acceptable with good overall acceptability score for 30
days while control pointed gourd in polypropylene
pouches had the acceptability for 15 days under
refrigerated storage.

SUB PROJECT 4.2: Exploration of Vegetable
Nutraceuticals for  the Development of
Functional Foods

TK Koley, Sudhir Singh and Y Bijen Kumar

Development of Karonda candy using
Black carrot anthocyanin as natural colorant
and studies on the anthocyanin stability

Recent findings on health hazard of synthetic
dyes necessitate the urgent need of a natural safe
alternative. Realizing drawback of synthetic dye, a
process of development of Karonda cherry using
natural pigment was standardized. Black carrot was
taken as natural source of pigments. The anthocyanin
content in Karonda cherry is 25.34 mg/kg. Addition of
anthocyanin in Karonda cherry resulted in increase in
antioxidant potential from 5.08 mol TE/g to 6.12 mol
TE/g. It was observed that colour of product was
attractive and quite stable. Anthocyanin degradation
carried under accelerated temperature condition (50,

60 and 70°C) followed first order kinetics. Activation
energy of anthocyanin was higher (98.61Kj/mol) than
other anthocyanin such as purple fleshed potato (72.49
Kj/mol) and grape (75.03 Kj/mol) reported in literature.

Effect of processing on anthocyanin content
of black carrot

For enhanced recovery of anthocyanin from black
carrot, pectolytic enzyme preparation was added to
the macerate prior to pressing. Two commercial cell
wall degrading enzymes, pectinase and viscozyme
were used at different doses (0.05–0.2%). The juice yield
in control sample was 43% in both cases. With
increasing dose of pectinase enzyme, the juice yield
improved markedly. The maximum yield was 63% at
0.25% pectinase and 78% at 0.2% viscozyme.
Anthocyanin concentration increased to 1009 mg/L
using 0.25 % pectinase from initial content of 490 mg/
L. Viscozyme performed better which improved the
concentration up to 1449 mg/L from its initial
concentration.

Purification and crystallization of black
carrot anthocyanin

In order to obtain anthocyanins in a purified form,
adsorption was carried out with five different
adsorbents like Amberlite XAD-4, Amberlite XAD-7HP,
Amberlite 16N, Dowex50WX8, silica gel. Among these,
nonionicacrylic ester adsorbent, namely Amberlite
XAD-7HP, showed the highest adsorption capacity
and desorption ratio. The resulting anthocyanin
solution after purification was free from sugar, which
is the major cause for degradation of anthocyanin. No
browning was observed. Purified anthocyanin was
recrystallized using water as solvent through freeze
drying.

Figure 33: Crystallized black carrot anthocyanin
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MEGA PROGRAMME - 5:
PRIORITIZATION OF R&D NEEDS AND
IMPACT ANALYSIS OF
TECHNOLOGIES DEVELOPED BY IIVR
Mega-Programme Leader: Dr. Neeraj Singh

SUB PROJECT 5.1: Research Prioritization of
Vegetable Crops

S. Roy, Neeraj Singh and Vanitha S.M.

Mid-term evaluation of the data received from 56
research organizations and 19 extension organizations
was done  and the research priority areas for the
vegetable sector were proposed under the broad heads
of variety development and conservation of plant
genetic resources, vegetable production technology,
seed and quality planting materials, vegetable

protection technology, post-harvest management and
agri business sector.   The results obtained are reported
in table 13.

The data reported in Table-13 clearly stated that
the priority areas of future research in vegetable sector
are (i) Development of climate resilient varieties of
vegetables and conservation of genetic resources of
unconventional vegetables, (ii) Creating awareness to
stop extensive and indiscriminate use of chemicals in
vegetables, (iii) Creating awareness about label claim
and maximum residue limit of chemicals in vegetables,
(iv) Check weed infestation in vegetable fields, (v)
Estimating the actual requirement of vegetable seeds
in the country, (vi) Standardizing the post-harvest
handling techniques in vegetables and (vii)
Strengthening infrastructure and cold storage facilities
for vegetable sector in India. Although priority setting

Table 13: Research Priority in Vegetables

Priority areas/ Problems Weightage Weighted sum Weighted average 

Conservation of plant genetic resources and variety development      

Lack of climate resilient varieties (Drought, Flood, Heat, Salt tolerant) 1.12 374.08 4.98 

Genetic resources are not being characterized for biotic and abiotic stress 1.04 347.36 4.63 

Erosion of local genetic resources of vegetables 1.04 344.24 4.58 

Non availability of genetic resource information in public domain 0.95 296.40 3.95 

Disease-pest resistant variety of vegetables not performing well  0.95 295.45 3.93 

Vegetable production technologies 

Extensive and indiscriminate use of chemicals in vegetables leads to 
health hazard 

0.88 299.20 3.98 

Weed infestation is becoming severe problem 0.79 249.64 3.32

Uneconomic use of irrigation water in vegetable production 0.79 238.58 3.18 

Impact of developed production technologies not known 0.76 227.24 3.02 

Disease – pest infestation, water stress at the initial stages of crop growth 
leads to crop losses 

0.70 225.40 3.00 

Seed and quality planting material 

Actual requirement of vegetable seeds not known (all are estimates) 
because actual area under different vegetables is not known 

1.36 422.96 5.63 

Data on conversion of breeder seed to foundation and certified level not 
available 

1.36 390.32 5.20 

Quality seeds of recommended / released hybrid varieties of vegetables 
not available 

1.18 387.04 5.16 

The prices of private sector hybrids are exorbitantly high 1.04 353.60 4.71 

Quality seeds of recommended / released OP- varieties of vegetables 
not available 

1.04 342.16 4.56 

Vegetable protection technologies 

Application of over dose of pesticides 0.75 254.25 3.39 

Pesticides residue in vegetables may lead to serious health hazards 0.75 249.75 3.33 

Use of non-recommended pesticides   0.75 247.50 3.30 

Farmers don’t take proper safety measures while spraying pesticides 0.69 228.39 3.04 

Variation or lack of harmony in pesticide recommendation by different 
govt. and non- govt. agencies

0.75 228.00 3.04 
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Priority areas/ Problems Weightage Weighted sum Weighted average

Post-harvest management 

Post-harvest handling techniques for vegetables are not well-defined 1.50 469.50 6.26 

Post-harvest loss in quality of vegetable due to physical, chemical and 
microbial contamination 

1.25 417.50 5.56 

Non availability of quality traits of vegetables suitable for processing 1.25 393.75 5.25 

Level of pesticide and toxic chemical residues in vegetables not known 1.20 392.40 5.23 

Storage conditions of vegetables with respect to temperature, relative 
humidity and packaging materials for maximum shelf life is not well 
defined  

1.25 392.50 5.23 

Agri-business sector 

Infrastructure and cold storage facilities are inadequate 1.66 574.36 7.65 

Marketing system of vegetables is not defined and poor 1.66 559.42 7.45 

Contract farming in vegetable sector is inadequate 1.50 459.00 6.12

Small scale production of quality processed vegetable items is 
inadequate  

1.27 396.24 5.28 

Instability in vegetable prices leading to food price inflation 1.11 379.62 5.06 

 
is an ongoing process, the results tried to flag some
empirically tested issues which should be regarded as
priority areas of research to strengthen vegetable sector
in India.

SUB PROJECT 5.2: Impact of Improved
Vegetable Technologies Developed by IIVR

Neeraj Singh, Shubhadeep Roy and Vanitha S. M.

The Indian vegetable sector is facing severe
constrains such as low crop productivity, lack of high
yielding crop varieties,  limited irrigation facilities and
underdeveloped infrastructure support like cold
storages, markets, roads, transportation facilities, etc.
There are also heavy post-harvest and handling losses,
resulting in low productivity per unit area and high
cost of production. However, on the other hand, India’s
long growing-season, diverse soil and climatic
conditions comprising several agro-ecological regions
provide ample opportunity to grow new improved
varieties of vegetable crops. Thus apart from massive
frontline demonstrations in eastern Uttar Pradesh,
efforts were made to capitalize the strengths of vegetable
production by providing breeder and truthful label
seeds of improved vegetable varieties developed by IIVR
to different KVKs, State Horticulture Departments,
farmers, SHGs,  NHRDF etc . for  further  seed
multiplication and providing it to local growers to meet
the goal of formidable vegetable growth in India.
Though the results of frontline demonstrations in
eastern Uttar Pradesh showed an imperative increase
in average productivity of 6.8 to 15.76 per cent due to
adoption of vegetable varieties developed by IIVR but
the technology gap in different demonstrated varieties
indicates the achievable increase in productivity upto
19-41 per cent more (Table 14).

Table 14: Field performance of technology developed
by IIVR

Crop Variety Tech-
nology 

Gap 

Average Farmers’ Field 
Productivity (q/ha) 

Achiev-
able 

Increase 
in Produc-
tivity (%) 

FLDs Local 
Check 

% 
Increase 

in 
Produc-
tivity 

Tomato Kashi 
Vishesh 

58.7 491.3 460.0 6.80 19.57 

Chilli Kashi 
Anmol 

28.4 191.6 185.0 3.57 18.92 

Okra Kashi 
Pragati 

6.80 143.2 120.0 19.33 25.0 

Radish Kashi 
Shweta 

40.5 409.5 380.0 7.76 18.42 

Pea Kashi 
Udai 

21.6 98.4 85.0 15.76 41.18 

 
In tomato and okra cultivation, virus is a severe

problem faced by the growers and the virus resistant
varieties Kashi Visesh (tomato) and Kashi Pragati
(okra) developed by the institute were widely adopted
by the growers of Bihar, Uttar Pradesh and Madhya
Pradesh due to high yield potential of 550 q/ha and
150 q/ha, respectively. The total cropped area under
these two varieties during 2012-13 was 89720 ha (Table
15). Kashi Anmol was another popular variety in chilli
covered an area of 91498 ha during 2012-13 in Bihar,
U.P., M.P., Tripura, Jharkhand etc. with an average
productivity of 191.6 q/ha. This variety of chilli was
mostly popular among those growers who cultivate
wheat during Rabi season, since in Kashi Anmol 80-85
per cent of yield potential can be harvested upto
December. Similarly, Kashi Shweta in radish with an
average productivity of 409.5 q/ha successfully
adopted in 92 per cent technology cropped area of Bihar
and U.P.
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Table 15 Adoption and spread of technology
developed by IIVR

Crop Variety Total 
Cropped 

Area 
(Ha) 

State wise Spread Pattern (%) 
Bihar U.P. M.P. Tripura Others 

Tomato Kashi 
Vishesh 

76516 32 28 23 15 2 

Chilli Kashi 
Anmol 

91498 23 50 11 6 10 

Okra Kashi 
Pragati 

13204 33 46 - - 21 

Radish Kashi 
Shweta 

95 25 67 - 6 2 

Pea Kashi 
Udai 

208 45 33 - 10 12 

 

Indian Institute of Vegetable Research, Varanasi
has brought prosperity to farmers by introducing
number of high yielding varieties of pea viz., Kashi
Uday, Kashi Nandini, Kashi Mukti etc. These varieties
are not only early but having high yield also. One of
the pea varieties Kashi Uday yielded average
production of 984 kg/hectare in farmers’ field occupied
1.14 per cent of total cropped area in Bihar. Mr. Sushil
Kumar of village Bahuti, Mirzapur has earned
approximately Rs. 1,23,750/- by sale of this pea variety
from his 1.5 hectare area which was also published in
The Hindu dated April 11, 2013.
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MEGA PROGRAMME 6:  INTEGRATED
PLANT HEALTH MANAGEMENT
Programme Leader: Dr. A. B. Rai

SUB PROJECT 6.1: Bio-Intensive
Management of Major Insect Pests of
Vegetables in the Current Scenario of
Weather Change

A.B. Rai, M.H. Kodandaram, Jaydeep Halder, and Neeraj
Singh

Efficacy of pest management modules
against pest complex in chilli

Three different pest management modules were
synthesized and formulated for evaluation against
yellow mites and thrisp in chilli (cv. Kashi Anmol and
VR-338) during Kharif 2013. These were biointensive
(M1) (seedling dip with imidacloprid 1ml/l of water,
spray of vertimec @ 0.75 ml/l at 25 DAT, Verticillium
lecanii 5 g/l at 35 DAT, pongamia oil 1% at 45 DAT,
buprofezin 1ml/l at 55 DAT, neem oil 1% at 65 DAT
and subsequent rotation), integrated module (M2)
(seedling dip with imidacloprid 1 ml/ l of water, spray
of buprofezin 1 ml/l at 25 DAT, fipronil 0.2 g/l at 35
DAT, Verticillium lecanii 5 g/l at 45 DAT, chlorfenapyr
1 ml/l at 55 DAT, neem oil 1% at 65 DAT and
subsequent rotation) and chemical module (M3)
(seedling dip with imidacloprid @ 1 ml/l of water,

Date of sowing: 27.7.13; PPOC- Per cent protection over control

spray of dicofol 2.5 ml/l at 25 DAT, propargite 2 ml/l
at 35 DAT, spiromesifen 0.8 ml/l at 45 DAT, fenazaquin
2 ml/l at 55 DAT, quinalphos 1.5 ml/l at 65 DAT and
subsequent rotation) and untreated control (M4) (Table
1). Among these, the integrated module was most
effective in reducing the thrips and mite population in
chilli and enhancing the yield. The per cent mite
reduction over control was highest in both Kashi
Anmol (82.66) and Kashi Gaurav (73.90) and in case of
thrips the highest per cent reduction was in Kashi
Anmol (54.48) and in Kashi Gaurav (55.46).

Evaluation of different pest management
modules aganist insect pests in okra

Three different pest management modules viz.,
biointensive, integrated and chemical modules were
evaluated against sucking insect pests viz., jassids and
white fly  and shoot and fruit borer and their impact on
yield in okra (cv. VRO- 6) during kharif season 2013.
Among different modules, biointensive module
comprising of seed treatment with imidacloprid @
3gm/kg seeds, foliar application of pongamia oil 1%
followed by Verticellium lecani @ 4 gm/l, Bt @ 1ml/l,
NSKE 4%, neem insecticide 5 ml/l and Beauveria
bassiana 2gm/l at 10 days interval was found effective
against jassids (42.48% protection) and was
statistically at par with chemical module against
whitefly (49.50 % protection). Lowest per cent of okra
yellow vein disease (17.75) was recorded in integrated
module. In case of shoot and fruit borer, lowest per
cent damage of shoot (5.38) and fruit (11.73) was
observed in integrated module. Whereas highest yield
of 149.24 q/ha was obtained in chemical module,
however in intensive and integrated modules there was
58.28 and 60.21% increase in yield over untreated
control (Table 2).

Table 2:  Effect of different pest management
modules against sucking pests in okra

Treatments  No. of 
Jassids/plot 

No. of white 
fly/plot

YVM 
disease

(%) Avg. PPOC Avg. PPOC 

Biointensive Module 44.51 42.48 1.28 49.50 22.31 

Integrated Module 48.38 37.49 1.39 45.05 17.75 

Chemical  Module 49.14 36.50 1.16 53.96 18.29 

Control 77.39 - 2.53 - 21.96 

SEM± 0.31  0.26  0.89 

CD(0.05) 0.96  0.82  2.76 

 

Table 1: Efficacy of different pest management
modules against thrips and mites in chilli

Variety – Kashi Anmol 
Modules  Mites/3 terminal 

leaves 
Thrips/3 
terminal leaves 

PeLCV 
infec-
ted 
plants 
(%) 

Yield 
(kg/ha) 

Mean 
popula-
tion  

Reduc-
tion (%) 

Mean 
popula-
tion  

Reduc-
tion 
(%) 

M1 4.41 60.16 1.97 23.35 13.25 2857 
M2 1.98 82.66 1.17 54.48 7.39 3393 
M3 3.48 68.56 1.52 40.86 6.67 3024 
M4 11.07 -- 2.57 -- 19.43 2548 
CD(5%) 0.44 -- 0.11 -- 1.59 -- 

Variety – Kashi Gaurav 

Modules  Mites/3 terminal 
leaves 

Thrips/3 
terminal leaves 

PeLCV 
infec-
ted 
plants 
(%) 

Yield 
(Kg/ha) 

Mean 
popula-
tion 

Reduc-
tion (%) 

Mean 
popula-
tion 

Reduc-
tion 
(%)

M1 11.27 53.96 3.25 31.72 12.96 3917 

M2 6.39 73.90 2.12 55.46 12.23 5214

M3 8.25 66.30 2.88 39.50 10.68 5167 

M4 24.48 -- 4.76 -- 23.56 3238 

CD (5%) 2.36 -- 0.49 -- 1.98 -- 
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Table 3: Effect of different pest management modules against shoot and fruit borer in okra

Evaluat ion of IPM modules for the
management of pod borer in cowpea

Different pest management modules viz. ,
biointensive, integrated and chemical modules were
evaluated against pod borer in cowpea (cv. Kashi
Kanchan) during kharif season 2013. Among different
modules, bio-intensive module  comprising of spraying
of neem insecticide 5ml/l followed by Bt @ 2 gm/l,
Beauveria bassiana  6 gm/l and Pseudomonas fluroscence
@ 5 gm/l at 50 per cent flowering stage at 10 days
interval proved to be most effective with 15.62 % pod
damage and was at par with chemical module (15.63
% damage)  and recorded 40.05 per cent reduction in
pod borer damage as compared to untreated control.

Table 4: Effect of different pest management modules
against pod borer in cowpea

PPOC- Per cent protection over control; * Average of eight harvests

Treatments Per cent pod borer damage  Avg. PPOC 
1 2 3 4 5 

Biointensive 
Module 

11.88 20.01 20.62 15.34 10.27 15.62 40.05 

Integrated 
Module 

13.50 22.45 19.39 15.20 10.16 16.14 38.07 

Chemical  
Module 

14.61 19.39 18.31 17.96 7.90 15.63 40.10

Control 19.30 26.46 25.08 28.39 31.07 26.06 - 
 Date of sowing: 16.7.13; PPOC- Per cent protection over control

SUB PROJECT 6.2: Toxicological
Investigations on the Novel Insecticide
Molecules and Plant Origin Insecticides
against Major Insect Pests of Vegetables

M.H. Kodandaram,  A.B. Rai, Jaydeep Halder and Sujoy
Saha

Monitoring the susceptibility of whitefly
Bemisia tabaci and okra jassid, Amrasca
biguttula  biguttula  to neonicotinoid
insecticides

Susceptibility of whitefly and jassid to
neonicotinoid insecticides was monitored over a four
year (2010 to 2013) and 3 year period (2011 to 2013),
respectively at their field recommended doses by leaf

dip bioassays.  Gradual decrease in the susceptibility
of whitefly to imidacloprid 17.8 SL , thiamethoxam 25
WG, thiacloprid 21.7 SC and clothianidin was
observed  with reduced mortality of 65.93 to 55.83 %,
92.72 to 69.29 %,  96.25 to 74.24%  and 71 to 54.23 %,
respectively.  In case of okra jassid,  similar trend was
observed with decrease in efficacy of  imidacloprid
17.8SL , thiamethoxam 25 WG, thiacloprid 21.7 SC and
clothianidin with reduced mortality of 95.83 to 82.29
%, 50 to 37.05 %,  97 to 51.28 %  and 65 to 40.52 %,
respectively (Figure 1). Among all the neonicotinoids,
imidacloprid 200 SL was somewhat effective with
82.29 % mortality.

Baseline toxicity of different neonicotionids
to white fly Bemisia tabaci and okra jassid
Amrasca biguttula biguttula

Baseline toxicity of different neonicotinoid
insecticides to whitefly and okra was determined.
Thiacloprid 21.7 SC was found to be most toxic and
imidacloprid 17.8 least toxic to white fly.  The
descending order of toxicity for white fly with LC50
value in parenthesis was thiacloprid (1.26 ppm) >
deltametrin 2.5 EC (1.57 ppm) > acetamiprid 20 SP (1.66
ppm) > dimethoate (7.55 ppm) > imidacloprid 30.5 SC
(18.10 ppm) > thiamethoxam 25 WG (30.4 ppm) >
imidacloprid 70 WG (30.88 ppm) > imidacloprid 17.8
SL (163.7 ppm). In cases of okra jassids, imidacloprid
200 SL was most found to be toxic and acetamiprid
least toxic (Figure 2). The descending order of toxicity
of different neonicotionoid insecticides with LC50 value

Figure 1: Monitoring suceptibility of whitefly to
neonicotinoid insecticides

Treatments Per cent  Damage  Yield * 
(q/ha) 

 Increase 
(%)  Shoot  PPOC Fruit PPOC 

Bio intensive Module 6.25 50.50 12.27 39.96 141.56 58.28 
Integrated Module 5.38 57.43 11.73 42.60 143.29 60.21 
Chemical  Module 6.88 45.54 15.46 24.33 149.24 66.87 
Control 12.63 - 20.44 - 89.44 - 
SEM± 1.05  0.97    
CD(0.05) 3.24  2.88    
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in parenthesis was acetamiprid(542.4 ppm) >
imidacloprid 70 WG (60.1 ppm) > imidacloprid 30.5
SC (42.22 ppm)  > Thiacloprid 21.7 SC (11.9ppm) >
thiamethoxam 25 WG (11.5 ppm) > imidacloprid 200
SL( 6.53 ppm). However, high level of tolerance was
observed to OP insecticides viz., dimethoate 30 EC and
quinolphos 25 EC with very high LC 50 values of 151.80
and 1743.6 ppm, respectively (Table 5).

Relative resistance of whitefly Bemisia
tabaci to neonicotinoid insecticides

Relative resistance of whitefly B. tabaci to
commonly used neonicotinoid insecticides viz.,
imidacloprid 17.8 SL and thiamethoxam 25 WG
indicated 21.54 and 3.53 fold resistance, respectively.
Native PAGE analysis of whitefly population collected
from imidacloprid and thiamethoxam treated host
plants showed maximum expression of esterase
enzyme with thick banding pattern than compared to

Figure 2: Monitoring suceptibility of okra jassid to neonicotinoid insecticides

Insecticides Whitefly Bemisia tabaci Okra Jassid  A. biguttula biguttula 
df  LC50(ppm) df  LC50 ( ppm) 

Imidacloprid 17.8 SL 7 6.80 163.7 5 4.29 6. 53 
Imidacloprid 70 WG 5 5.32 30.88 4 2.22 60. 1 
Imidacloprid 30.5 SC 4 1.49 18.10 5 4.72 42.22 
Thiamethoxam 25WG 3 3.26 30.4 4 2.85 11.5 
Thiacloprid 21.7 SC 6 6.93 1.26 4 2.45 11.9 
Acetamiprid 20 SP 5 3.26 1.66 3 2.53 542.4 
Dimethoate 30 EC 6 4.23 7.55 5 5.33 151.80 
Deltamethrin 2.5 EC 6 2.50 1.57 - - - 
Quinolphos 25 EC  - - - 4 3.12 17436 
 

Table 5: Toxicity of different insecticides to whitefly and okra jassid

Table 6: Relative resistance of whitefly B. tabaci to neonicotinoid insecticides

Neonicotinoid 
Insecticides 

LC50 value (ppm) worked out 
during 2010 

LC50 value (ppm)  worked out 
during 2013 

Relative Resistance 

Imidacloprid 17.8 SL 7.60 163.70 21.54 
Thiamethoxam 25 WG 8.60 30.40 3.53 

 

Figure 3:  Native PAGE esterase isozyme pattern of
whitefly. Lanes 1–2: neonicotinoid insecticide treated;
Lanes 3-5: untreated



56

whiteflies collected from untreated plants indicating
development of resistance in whitefly to neonicotinoid
insecticides (Figure 3 & Table 6).

Evaluation of different insecticide use
strategies as resistance management and
control tactics for shoot and fruit borer,
Leucinodes orbonalis in brinjal.

A field experiment was conducted to evaluate
different insecticide use strategies as resistance
management and control tactics for shoot and fruit borer,
Leucinodes orbonalis during kharif season 2013 in brinjal
(cv. Punjab Sadhabhar). Among different individual
insecticide treatments the rynaxpyr @ 0.4 ml/l was
most effective with lowest shoot (0.98%) and fruit
damage (2.49 %) with highest yield (393.69 q/ha).
Rotational strategy of insect ic ide resis tance
management (IRM) comprising of five insecticides with
different modes of action viz., rynaxpyri @ 0.4ml/l
followed by emamectin benzoate @ 0.5ml/l, spinosad
@ 1.5ml/l, chloropyriphos @ 2ml/l and  cypermethrin
@ 0.5ml/l proved to be most effective against L. orbonalis
‘with 82.36 and 80.57 % protection of shoot and fruit
damage, respectively and gave 126.81 % increase in
yield as compared to untreated control (Table 7).

The native PAGE analysis of larvae of L. orbonalis
collected from different treatments showed less /no
expression of esterase enzyme in the larvae collected
from rynaxpyr (T1) and rotational strategy (T5) plots
indicating no development of tolerance/resistance
rynxapyr and IRM treatment consisting, rotation of
insecticides with different mode of actions. Biochemical
analysis of phenol content, polyphenol oxidase and

Table 7: Effect of different IRM strategies against L. orbonalis and its impact on yield

Figure 4: Native PAGE estersae isozyme pattern of L.
orbonalis larvae developed on brinjal plants with different
IRM treatments. Lane T1- Rynaxpyr and T5-Rotational
strategy

peroxidase activity from IRM treated brinjal fruits &
shoot/leaves also indicated maximum phenol content
in rotational strategy treated plants (Figure 4). There
was no significant difference in polyphenol oxidase
among different treatments and higher peroxidase
activity was recorded in leaves as compared to fruits
in all the treatments. But highest peroxidase was
observed in the fruits of IRM treatment (Figure 5).  Thus,
the  rotational strategy can be used as resistance
management and control tactic for management of
shoot and fruit borer in brinjal.

TREATMENTS Shoot damage 
(%) 

Protection 
over control 

(%) 

Fruit damage 
(%) 

(No. basis)*

Protection 
over Control  

(%)

Yield 
(q/ha) 

Increase in 
yield  over 
control (%) 

SEQUENTIAL STRATEGY  
T1- Rynaxpyr @ 0.4 ml/l 0.98 93.62 2.49 93.46 393.69 152.64 
T2 - Emamectin Benzoate 5 SG @ 0.5ml/l 6.83 55.60 23.96 37.02 339.64 117.95 
T3 - Chlorpyriphos 20 EC @ 2ml/l 24.77 -61.12 44.94 -18.13 213.57 37.05 
T4 - Cypermethrin 25 EC @ 0.5ml/l 41.56 -170.26 40.56 -6.63 191.19 22.69 

ROTATIONAL STRATEGY 
T5 – Rynaxpyr  + E. benzoate + spinosad 
+  chlorpyriphos  + cypermethrin  

2.71 82.36 7.39 80.57 353.45 126.81 

T6 – Rynaxpyr  + E.benzoate    1.90 87.67 6.03 84.14 312.36 100.44 
MIXTURE STRATEGY  

T7 - Chlorpyriphos + cypermethrin  
@ 2ml/l 

15.02 2.33 
36.30 4.58 190.48 22.23 

T8 - Untreated Control 15.38 - 38.04 0.00 155.83 0.00 
SEm ± 0.91  0.41  - - 

CD(P=0.05) 2.77  1.17  - - 
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Figure 5: Biochemical analysis of IRM treated brinjal plants

Relative susceptibility of brinjal shoot and
fruit borer, L. orbonalis to different
insecticides

Baseline susceptibility of third instar larvae L.
orbonal is to  different novel and conventional
insecicides indicated spinosad to be most toxic and
cypermethrin least toxic with LC50 values of 0.12 and
4650 ppm. On the basis of LC 50 values
chlorantranilprole, flubendamide, emamectin
benzoate, spinosad and cypermethrin were 198, 31.82,
216.52, 2970 and 0.77 tomes toxic to L. orbonalis
compared to chlorpyriphos (Table 8). The descending
order of toxicity for L. orbonalis is spinosad > emamectin
benzoate > chlorantranilprole > flubendamide >
chlorpyriphos > cypermethrin. This study clearly
highlights that L. orbonalis has developed high level of
tolerance to chlorpyriphos and cypermethrine.

Efficacy of new diamide insecticide
cyantraniliprole against major lepidopteran
insect pests of vegetables

Efficacy of a new diamide molecule
cyantraniliprole 10 OD was evaluated at three different
doses viz., 60, 75 and 90 g a.i/ha against third instar

larvae of  five  lepidopteran pests of vegetable crops
viz.,  Leucinodes orbonalis, Spilosoma oblique, Earias vitella,
Spodoptera litura and  Diaphinia indica under  laboratory
conditions. It was found that cyantraniliprole @ 90 a.i.
g/ha was most effective to L. orbonalis, E. vitella and S.
litura with 90, 67 and 76 % mortality by fruit/leaf dip
bioassy method and 100, 73 and  68  % mortality by
direct spray method, respectively. In case of S. oblique
and D. indica, cyantraniliprole @ 75 a.i. g/ha was found
most effective with 90 and 85 % mortality by direct
spray and 65 and 80 % mortality by leaf dip method,
respectively.

Table 8: Relative toxicity of different insecticides to
L. orbonalis

Insecticides df  LC50 (ppm) Relative 
toxicity 

Chlorantranilprole  
18.5 SC 

5 1.051 1.8 198 

Flubendamide 39.35 SC 5 0.971 11.2 31.82 
Emamectin Benzoate5 SG 4 2.87 0.69 216.52 
Spinosad 2.5 SC 4 3.25 0.12 2970 
Chlorpyriphos 20 EC  5 3.70 356.40 - 
Cypermethrin 25 EC  4 3.13 4650.00 0.77 

 
Sub Project 6.3: Biological Control of Major
Insect Pests of Vegetable Crops

Jaydeep Halder, A.B. Rai, M.H. Kodandaram, Sujoy Saha
and M. Manjunath

Several promising parasitoids viz., Apanteles
paludicole from Sphenerches caffer infesting bottle gourd,
Apanteles oblique and Meteorus sp. from Spilosoma oblique
infesting field bean, cowpea, cabbage, summer squash
and Diaretella rapae from Aphis craccivora, Myzus persicae,
Brevicoryne brassicae, Aphis spiraecola and Lipaphis
erysimi infesting field bean, chillies, cabbage, brinjal
and mustard, respectively were recorded during the
period.

Occurrence of Bottle gourd plume moth
Sphenarches caffer  and its parasitoid
Apanteles paludicole

Incidence of plume moth Sphenerches caffer Zeller
(Pterophoridae : Lepidoptera) infesting bottle gourd
and its natural enemies was recorded throughout the
crop growth from May to September, 2013 in Varanasi,
Uttar Pradesh,  India. A promising solitary
endoparas itoid Apanteles paludicole  Cameron
(Braconidae: Hymenoptera) recorded from plume moth,
S. caffer with maximum parasitization (40.91%) during
August last week followed by September first week,
2103 (39.71%) (Figure 6).
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Figure 6: Seasonal incidence of S. caffer and its parasitoid
Apanteles paludicole

The biology of S. caffer was studied under
laboratory conditions. The neonate larvae of S. caffer
were light yellowish green in colour with minute black
spots all over the body (Table 9). Four larval instars
were observed and larval period ranged from 15 to
17.75 days. The mean duration of the first, second, third
and fourth instars larvae were 2.75, 3.05, 4.75 and 5.97
days, respectively. The third instar larvae were
greenish brown in colour with prominent black hairs
on its body whereas fourth instar larvae were densely
clothed with white hairs and black spines. Pupation
took place mostly on the upper surface of leaves. The
obtect pupae were light whitish green in colour and
gradually turned brown before adult emergence. The
pupal period ranged from 7 to 8.5 days, with an average
period of 7.75 days. Adult was medium sized moth
whose fissured fore and hind wings were divided into
two and three lobes, respectively. Adult longevity
varied from 3.5 to 5.25 days. The adult female survived
longer (average 4.65 days) than the male (3.95 days).
Mating took place mostly during night hours and
gravid females laid eggs singly on the tender leaves
and buds. Freshly laid eggs were oval in shape, light
yellowish green colour which turned to yellowish
brown before hatching. The oviposition period ranged
from 2 to 3.25 days.

Table 9: Biological parameters of  S. caffer on bottle
gourd under laboratory conditions

Biological parameters Maximum Minimum Mean ± SD 
Fecundity (Nos.) 45 77 64.2 ± 12.70 
Egg viability (%) 76 93 86.6 ± 6.58 
Oviposition period 
(days) 

2 3.25 2.55 ± 0.57 

Incubation period (days) 3.5 5 4.2 ± 0.57 
Larval duration (days) 
First instar 2.5 3 2.75 ± 0.25 
Second instar 2.5 3.5 3.05 ± 0.37 
Third instar 4 5.5 4.75 ± 0.56
Fourth instar 5.5 6.6 5.97 ± 0.46 
Total larval period 15 15.75 16.52 ± 1.02 
Pupal duration (days) 7 8.5 7.75 ± 0.56 
Adult longevity (days) 
Male 3.5 4.5 3.95 ± 0.37 
Female  4 5.25 4.65 ± 0.49 
 

Occurrence of Bihar hairy caterpillar
Spilosoma obliqua and its parasitoid
Apanteles oblique and Meteorus sp.

The gregarious, larval endopartasitoid emerged
from Bihar hairy caterpillar, Spilosoma obliqua infesting
field bean, cowpea, cabbage and summer squash were
identified as Apanteles oblique and Meteorus sp.
(Hymenoptera, Braconidae).  The highest cumulative
parasitization (22.5%) by these endoparasitoids was
recorded during second week of March, 2014 followed
by first week of March (13.5%) (Figure 7).

Figure 7: Periodical incidence of Spilosoma obliqua and
its parasitoid Apanteles oblique and Meteorus sp.

Host mediated effects on susceptibility of
Phenacoccus solenopsis  (Tinsley) to
different biopesticides

Different biopesticides viz., Verticillium lecanii @
5 g/l, neem oil @ 5%, and their combination (1:1 ratio)
was evaluated against the invasive solenopsis mealy
bug, P. solenopsis infesting different vegetables and field
crops. Amongst the different vegetables host plants, P.
solenopsis required highest median lethal time (LT50)
when it fed on okra and the LT50 values were 61.07,
94.33 and 42.51 hour in case neem oil,  V. lecanii and
mixture of V. lecanii and neem oil (1:1) respectively.
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Figure 8: Cowpea leaves severely infested by Epilachna
beetle

Figure 9: Efficacy of different microbial insecticides alone
and their mixture with neem oil (1:1) against H.
vigintioctopunctata

Table 10: Effect of V. lecanii, neem oil and their combination (1:1) against P. solenopsis infesting different
vegetables and field crops

Biopesticides  Heterogenity Regression Equation 
(Y=) 

LT50 (hour) Fiducial Limit 
df 2 

Host – Brinjal 
Neem oil 7 8.616 1.653X+2.709 24.31 33.14 – 17.83 
Verticillium lecanii 5 8.958 4.956X – 4.531 83.77 91.38 – 76.80 
V. lecanii + Neem oil (1:1) 6 3.760 1.861X+2.748 16.20 23.46 – 11.18 
Host – Tomato  
Neem oil 6 14.22 3.196X – 0.374 48.02 54.74 – 42.12 
Verticillium lecanii 4 4.448 4.730X – 3.285 56.44 64.25 – 49.57 
V. lecanii + Neem oil (1:1) 3 1.064 2.699X+1.241 24.70 33.43 – 18.25 
Host – Okra 
Neem oil 4 8.825 4.675X – 3.348 61.07 68.42 – 54.51 
Verticillium lecanii 5 6.791 4.325X – 3.540 94.33 105.13 – 84.64 
V. lecanii + Neem oil (1:1) 3 2.918 4.586X – 2.468 42.51 54.60 – 33.09 
Host – Cotton 
Neem oil 5 11.626 7.189X– 8.939 86.87 92.66 – 81.45 
Verticillium lecanii 3 3.472 10.58X – 16.07 97.99 103.04 – 93.18 
V. lecanii + Neem oil (1:1) 5 5.791 4.710X – 3.375 60.02 67.40 – 53.45 
Host – Weed (Vernonia spp.) 
Neem oil 4 4.109 6.191X – 6.179 63.92 69.38 – 58.89 
Verticillium lecanii 5 5.709 6.999X – 8.948 98.33 105.68 – 91.50 
V. lecanii + Neem oil (1:1) 4 4.553 5.992X – 5.772 62.78 68.45 – 57.58 

 

Interestingly, when the same pest was fed on another
malvaceous crop i.e., cotton it took relatively higher
lethal time than any other vegetable host crops
indicating host mediated variation in the susceptibility
of mealy bug to different biopesticides (Table 10) .

Evaluation of different bioagents against
major vegetable insect pests & its
compatibility with neem oil
a) Hadda beetle ( Henosepilachna

vigintioctopunctata): Earlier known to be a minor
pest of several vegetables like brinjal, cowpea etc.
Recently, a serious incidence of this insect was
observed on cowpea (Fig 8). Different microbial
insecticides viz., Beauveria bassiana, Metarhizium
anisopliae, Verticillium lecanii, Pseudomonas
fluorescens, Bacillus thuringiensis alone and their
1:1 combination with neem oil (5%) were
evaluated against third instar grubs of H.
vigintioctopunctata infesting cowpea under
laboratory conditions. Neem oil @ 5% and M.
anisopliae @ 5 g/l water found most effective
causing 81.33% and 75% mortality of grubs of
hadda beetle  after 6 DAT ,  respect ively.
Combination of these two biopesticides (1:1 ratio)
was found compatible and gave 93.33% mortality
(Figure 9).
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S. 
No. 

Treatments  *Germina-
tion (%) 

*Dam
ping  

off (%) 

Seedling height 
before 

transplanting 
(cm) 

1. S-66 85.0 13.3 12.1 
2. Sel-7-V 85.0 11.3 14.8 
3. H-86-V 85.0 10.2 14.2 
4. H-86-NV 96.3 5.0 13.7 
5. Mixture of above 88.8 6.0 14.9 
6. 0.1% Carbendazim+ 

0.1% Fosetyl Al 
98.8 1.1 14.4 

7. Untreated control 77.8 18.3 11.35 
 CD(0.05) 3.98 3.5 2.08 
 CV % 9.09 10.8 10.64 
 

b) Diamond back moth (Plutella xylostella):
Studies were conducted to determine the
effectiveness of different  biopesticides viz.,
Beauveria bassiana, Metarhiz ium anisopliae,
Verticillium lecanii, Bacillus thuringiensis, Bacillus
subtilis (BS-2) alone and their 1:1 combination
with Neem oil (5%) against third instar larvae of
P. xylostella (Figure 10). Amongst different
treatments, combination of B. bassiana (5 g/l) and
neem oil (5%) at 1:1 ratio was found compatible
and gave 83.33% mortality followed by B.
thuringiensis and neem oil (55.67% mortality) after
6 DAT.

Figure 10: Efficacy of different microbial insecticides alone
and their mixture with Neem oil (1:1) against P. xylostella

Effect of culture filtrates of bacterial isolates
against Phenacoccus solenopsis

Culture filtrates of twenty bacterial isolates grown
on nutrient broth were screened against 6±1 day old
nymphs of solenopsis mealy bug, P. solenopsis infesting
tomato under laboratory conditions by direct spray
method under Potter’s tower. However, none of the
filtrates could give satisfactory results to control this
mealy bug after 6 DAT.

Toxicity of different microbial insecticides
to egg parasitoid

Amongst the different microbial insecticides
tested against egg parasitoid, Trichogramma chilonis,
Beauveria bassiana, Metarhizium anisopliae, Verticillium
lecanii, Bacillus subtilis (BS-2), Bacillus thuringiensis were
found to be safe. However, their 1:1 combination with
neem oil (5%) was proved to be moderately toxic to egg
parasitoid.

SUB PROJECT 6.4. Management of Important
Fungal Diseases of Vegetable Crops

M. Loganathan, S.  Saha, M. Manjunath and C
Sellaperumal

Efficacy of PGPR endophytic bacterial
formulation against fungal diseases of
tomato

Talc based formulations of PGPR endophytic
bacteria and chemicals were evaluated against
damping off (Pythium aphanidermatum) and collar rot
(Sclerotium rolfsii) in tomato (cv. Kashi Amrit). Seeds
were treated with the bioformulation @ 10 g/kg or
carbendazim @ 4g/kg. As soil applications ,
bioformulation @ 2.5 kg mixed with well decomposed
FYM 50 kg/ha and soil drenching with 0.1% Fosetyl
Al, were applied. An endophytic talc formulation H-
86-NV, among selected four showed >50% reduction
in damping off (Table 1) however Sel-7 recorded
maximum yield enhancement (>50%) (Table 11).
Incidence on collar rot was negligible but in all the
treatments a high incidence (>50%) of late blight
(Phytophthora infestans) was noticed (Table 12).

Table 11 :  Effect of endophytic PGPR on damping off
and growth attributes of tomato under portray nursery
conditions

Table 12:  Effect of endophytic PGPR on fungal
diseases and yield in tomato under field conditions

S. 
No 

Treatments *Collar rot 
(%) 

*Late blight 
(Phytopthora 
infestans) PDI 

(%)* 

Yield 
(t/ha) 

1 S-66 1.3 62.43 22.91 
2 Sel-7-V 0.33 50.17 28.06 
3 H-86-V 1.3 64.66 25.88 
4 H-86-NV 0.66 50.32 23.11 
5 Mixture of above four 0.66 50.22 18.47 
6 0.1% Carbendazim+ 

0.1% Fosetyl Al 
0.33 61.69 20.83 

7 Untreated control 2.3 67.47 15.83 
 CD (0.05) NS 4.96 3.80 
 CV%  15.15 24.41 
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Effect of different chemicals on mycelial
inhibition of Sclerotium rolfsii and Pythium
aphanidermatum:

Ten different fungicides at various concentrations
(0.1-0.3%) were tested against mycelial inhibition of
Sclerotium rolfsii and Pythium aphanidermatum.  Among
them tebuconazole and copper hydroxide were effective
with 100% inhibition of mycelia growth of both the
fungi even at 0.1% concentration. (Table 13)

Table 13: In vitro efficacy of different chemicals on
mycelial inhibition of Sclerotium rolfsii and Pythium
aphanidermatum

In vitro screening of isolated microbes from bitter
gourd and bottle gourd for various plant growth
promoting attributes

1.  Antifungal activity
The purified microbes were screened for

antifungal activity against plant pathogens viz .
Alternaria sp.,  Pythium sp., Fusarium sp. Dual culture
method was followed to screen the microorganisms.
The isolate BG-11 inhibited the mycelia growth of
Alternaria sp to the extent of 38.88 % over control after
10 days of incubation at 28±20C (Figure 12). The isolate
BG-20 prevented the mycelia growth of Pythium sp. to
the extent of 54.05 % compared to control (Figure 13).

S. 
NO  

Chemical *Per cent 
inhibition of 

Sclerotium rolfsii 

*Per cent 
inhibition of 

Pythium 
aphanidermatum

0.10 
% 

0.20 
% 

0.30
% 

0.10 
% 

0.20 
% 

0.30 
% 

T1  Tebuconazole  100 100 100 100 100 100 
T2  Mancozeb  100 100 100 14.3 43.75 66.25 
T3  Chlorothalonil  100 100 100 0 35.6 58.25 
T4  Copper hydoxide 100 100 100 100 100 100 
T5 Metriam 100 100 100 0 25 22.5
T6  Metalaxyl + 

Mancozeb  
100 100 100 48.12 75 56.8 

T7  Dimethomorph 
+Mancozeb  

100 100 100 12.5 28.12 34.3 

T8  Fenamidone + 
Mancozeb  

100 100 100 48.75 81.25 71.8 

T9  Fosetyl Al + 
Propineb  

100 100 100 75.6 53.1 58.7 

T10  Pencycuron  0 0 0 0 0 0 
T11  Control  0 0 0 0 0 0 
 CD (0.05)  2.61 4.20 1.61 1.53 2.48 3.49 

SUB PROJECT 6.5 : Bioprospecting of

Against Plant Pathogens

Manjunath, M., M. Loganathan, B. Mahesha

Isolation and purification of
microorganisms associated with bottle
gourd and bitter gourd

The microorganisms were isolated and purified
on nutrient agar medium. Out of 32 microbes isolated,
14 were from bottle gourd and 18 from bitter gourd
(Fig. 11a and 11b).

Figure 11: Microorganisms isolated and purified from
bitter gourd (a) and bottle gourd (b)

Figure 12: Antifungal activity of the isolate BG-11 (a)
Control: Alternaria sp. (b)Dual culture assay of BG-11
and Alternaria sp. (C) Microscopic image of Alternaria
sp.

Figure 13: Antifungal activity of the isolate BG-20 (a)
Control: Pythium sp. (b)Dual culture assay of BG-20 and
Pythium sp. (C) Microscopic image of Pythium sp.

2.  Seed germination test
The isolates BG-11 and BG-24 were identified as

promising ones. The germination assay was done in
tomato ( DVRT-2) and brinjal (Kashi Komal) following
the method described by Shende et al.  (1997). In tomato,
BG-24 enhanced germination to the tune of 15% and
BG-11 up to 8.33%. whereas, in brinjal, there was 18.33
% and 28.33 % improvement in germination over the
control by the isolates  BG-11  and BG-24, respectively
(Figure 14 and 15).
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Figure 19. RFLP pattern of Isaria farinosaFigure 18. Phylogenetic treeFigure 17. PCR amplification of
IGS region of Isaria farinosa

Figure 16: Phosphorus solubilizing bacteria

Biochemical characterization of selected
pathogen suppressing microbes

Biochemical characterization of the selected
beneficial microorganisms was carried out using
HiCarbohydrate KitTM plates. Fifty microlitres of
homogenized cultures of the selected isolates were
inoculated in the wells of plates. The plates were
incubated at 28 0C. After 48 h colorimetric observations
were recorded. The isolates differed in their substrate
utilization pattern (Table. 14).

Isolation and characterization of Isaria
farinosa isolate infecting whitefly

An entomopathogenic fungus was isolated on
potato dextrose agar medium, which was found
causing natural epizootics on whitefly, Bemisia tabaci
of brinjal crop grown under polyhouse condition. The
isolated fungus was purified and kept at 40 C for further
use by making slants. The total genomic DNA of the
fungus was isolated and its inter genic spacer region
(IGS) was amplified by using primers viz. 26S311 F /

Figure 14: Germination assay of bacterial isolates in tomato

Figure 15: Germination assay of bacterial isolates in brinjal

3.  Phosphorus solubilization test
To select  phosphorus solubilising

microorganisms, the isolates were screened on
pikovskaya agar medium. The isolate BG18 was found
positive and made 10  mm clear zone on the agar
medium (Fig.16).
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CNS 1 (Figure 17). The amplified PCR product was
purified and sequenced. The sequence data was
subjected to BLAST (NCBI) analysis, and it showed
maximum sequence identity (95.4 %) to Isaria farinosa
infecting Bombax mori. The nucleotide sequence data
was deposited in GenBank (Acc. No. KJ013353).The
phylogenetic tree was generated to see its genetic
relatedness (Figure 18).The Restriction Fragment length
Polymorphism (RFLP) fingerprint of the PCR product
was obtained by using restriction enzymes such as
AluI, MboI, RsaI, MspI and HhaI (Figure 19). Preliminary
investigation on the efficacy of I. farinosa against adult
whiteflies by leaf dip bioassay method indicated per
cent mortality in the range of 26.66 – 86.66 after 48
hours at different concentrations of broth solution
(Figure 20). 

Isolation and characterization of fungal
pathogens

Two fungal pathogens viz., Alternaria tenuissima
and Fusarium oxysporunm f. sp. melonis were isolated
and purified from cucumber plants (Figure 21). Total
genomic DNA of two fungi was isolated and IGS
regions were amplified using universal primers. The
amplified PCR product was purified and sequenced.
After analysis, nucleotide sequences were deposited
in GenBank. The accession No.s KJ396947 and
KJ628310 were allotted to Alternaria tenuissima and
Fusarium oxysporunm f. sp. melonis, respectively.

Figure 20. In vitro evaluation of Isaria farinosa against
whiteflies

Figure 21: Fungal pathogens isolated and purified from
cucumber  (a)Alternaria tenuissima and (b)  Fusarium
oxysporunm f. sp. melonis

Table 14:  Biochemical characteristics of selected
microorganisms

Sl. 
No. 

Substrate BG-11 BG-18 BG-
20 

BG-
24 

1. Lactose    - --  -   - --   - -  --  
2. Xylose, -  +  -  +  
3. Maltose -  +  -  -  
4. Fructose -  -  +  -  
5. Dextrose -  -  -  +  
6. Galactose -  +  -  +  
7. Raffinose -  -  -  -  
1. Trehalose -  -  -  +  
2. Melibiose -  +  -  -  
3. Sucrose -  +  +  -  
4. L-Arabinose -  +  -  +  
5. Mannose -  +  -  +  
6. Inulin   - -  - -  --   --   
7. Sodiumgluconate -  -  -  -  
8. Glycerol -  +  -  -  
9. Salicin -  +  -  -  
10. Glucosamine -  -  -  -  
11. Dulcitol -  -  -  +  
12. Inositol -  -  -  +  

13. Sorbitol -  -  -  +  
14. Mannitol -  +  -  +  
15. Adonitol -  -  -  -  
16. .-Methyl-D-. Glucoside, -  -  -  -  
17. Ribose -  -  -  -  
18. Rhamnose  - -  - -  -    - -   
19. Cellibiose      - -       - -  
20. Melezitose -  -  - -  
21. .-Methyl-D-Mannoside -  -  - -  
22. Xylitol +  +  - -  
23. ONPG -  -  - -  
24. Esculin -  +  - +  
25. D-Arabinose utilization -  -  - -  
26. Citrate utilization -  +  - +  
27. Malonate -  +  - +  
28. Sorbose -  -  - -  

29. Control -  -  - -  
30. Lysine -  +  - +  
31. Ornithine -  +  - +  

32. Urease -  -  - -  
33. Phenylalanine +  -  - -  
34. Nitrate reduction +  +  + +  
35. H2S Production -  -  - -  
36. Glucose -  -  - -  
37. Adonitol -  -  - -  
38. Lactose -  -  - -  
39. Arabinose - + - -
40. Sorbitol -  -  - -  
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Figure 22: Potent Plbs isolated from tomato phylloplane

Isolates  Zone of inhibition of Xav (cm) Population of Plb in DVRT 1 in cfu/g of fresh weight of leaf 
0 h  24 h  48 h  72 h  

Plb-7  0.3 *1.6 X 10
2 
 

(2.20)**
 
 

3.3 X 10
2 
 

(2.51) 
4.1 X 10

2
 

 
(2.61) 

7.4 X 10
2
 

 
(2.86) 

Plb-29 1.2  2.3 X 10
2 
 

(2.36) 
9.0 X 10

4
 

 
(4.95)

 
 

10.3 X 10
4 
(5.01) 12.4 X 10

4 
(5.08) 

Plb-33  0.4  1.8 X 10
2 
 

(2.26) 
8.5 X 10

2
 

 
(2.92) 

9.0 X 10
2 
 

(2.95) 
9.3 X 10

2 
 

(2.97) 

 

Leaf spot of tomato (Xanthomonas
axonopodis pv vesicatoria)

Sixty seven isolates of  phylloplane bacteria (Plb)
from tomato were isolated from the phylloplane of 5
week old seedlings of cv. DVRT-1. In vitro antagonism
of Plb against X. axanopodis pv vesicatoria yielded three
antagonistic ones, Plb-7, Plb-29 and Plb-33 (Figure 22a,
b, c). All the three isolates were tested for multiplication
in DVRT-1 so as to select the most potent one and
results (Table 15) indicate that Plb-29 was the most
effective antagonist with an inhibition zone of 12 mm
and multiplied at least 100 times faster than the other
two at 24h,48h and 72h after inoculation.

Characterization of Plb-29 revealed it as rod
shaped, Gram negative bacterium with polar flagella
exhibiting positive catalase, oxidase and arginine
dihydrolase activity but did not produce levan from
sucrose or utilize lactose as C-source.

Plb-29 recorded higher rates of multiplication
when co- inoculated with Xav ( 105-6Cfu/ml) and after
24h, Xav population declined (below 105 cfu/ml) while
Plb-29 continued to maintain its  log phase till 48 hrs
which indicates a distinct suppression by the
anatagonistic bacteria (Figure 23).

Black rot of cabbage (Xanthomonas
campestris pv campestris)

Using injection infiltration method salicylic acid
(SA) was pre-inoculated, co-inoculated with Xcc and
post-inoculated in tomato plants to investigate its role
in disease control when compared with Acibenzolar
S-methyl(Bion), a resistance inducing chemical and
untreated control. The best result was obtained when
SA was post inoculated at 0.9g/l with a disease
reduction of 98.2% (Figure 24). Pre- and co-inoculation
at the same concentration also gave a good control of
the disease with a reduction of more than 95% in both
the cases. When both SA and Bion are compared at
0.3g/l, the former manifested a better control than the
latter both in terms of PDI and percent disease reduction
(Figure 25).

Table 15: Comparison between three phylloplane bacteria antagonistic to Xav

*Mean of replication

**Figures in parenthesis denote transformed log value
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Figure 23: Population dynamics of Plb-29 along with Xav

Figure 24: Role SA on PDI of Black rot of cabbage Figure 25: Role SA on PDI of Black rot of cabbage

DNA A and betastellites were cloned into the plasmid
vector pTZ57R/T. The positive clones were identified
by colony PCR and restriction analysis. The complete
nucleotide sequence of clones was determined by
automated cycle sequencing with M13 forward and
reverses primers. The sequence analysis was done by
using the bioinformatics tools.

Genome organization and sequence
analysis

The complete genome DNA A like sequence of
virus isolate infecting eggpalnt was determined to be
2793 nts (JX311468) with a typical genome organization
of other old world  monopartite begomoviruses
comprising two open reading frames (ORFs) [AV1 (CP),
AV2] in virion-sense strand and four ORFs [AC1 (Rep),
AC2, AC3, AC4] in complementary-sense strand,
separated by an intergenic region (IR) (Figure 26).
Comparison DNA A like sequence of virus infecting
eggplant with other begomoviruses sequences revealed
the isolate share highest nucleotide identity of with

Molecular characterization begomovirus
associated with leaf curl disease of eggplant

Survey
Roving surveys were conducted during 2010-

2011 in different in farmer’s fields around Varanasi
region, to determine the incidence of leaf curl disease
of eggplant. The disease incidence was ranged from 45
to 50% in different farmers fields.

DNA isolation and PCR diagnosis
The total DNA was isolated from eggplant

showing the leaf curl disease by little modification
CTAB method and the isolated DNA were amplified
by PCR using begomovirus specific primers for DNA
A and satellites. The amplified PCR products of both

Hours after inoculation

6

4

2

0 0 24 48 72

Plb-29
Xav
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Tomato leaf curl Joydebpur virus (ToLCJoV) (79.8-91.7%
nucleotide sequence identity) infecting chilli in India
and shares less than 87% with other sequences used
in the analyses (Figure 27). These results suggest that,
the virus infecting eggplant is an isolate of ToLCJoV
based on the current criteria for classification of
begomoviruses.

Figure 26: Genome organization of ToLCJoV infecting
eggplant

Figure 27: Graphical representation of percentage pairwise
genome scores and nucleotide identity plot of full genomes
of ToLCJoV and other begomoviruses

Phylogenetic analysis
The phylogenetic tree derived from the complete

DNA A like sequence of the begomovirus infecting
eggplant and other selected begomoviruses indicates
that viruses originating from the same geographic
region are more closely clustering with ToLCJoV
infecting chilli in India, for which a full-length sequence
is available in the databases than to viruses from other
regions (Figure 28).

Figure 28: Phylogenetic tree of complete nucleotide
sequences of DNA-A  of ToLCJoV

Characterization of asatellites
The complete nucleotide sequence of betasatellite

from eggpalnt was determined to be 1352 bp in length
(JX311469). The sequence contain all the features
typical of other betasatellites (Figure 29). Pair wise
sequence comparisons with other closely related
sequences in the databases suggested that, the satellite
showed highest level of identity (84.7-94.8%) with to
the isolates of Tomato leaf curl Bangladesh betasatellite
(ToLCBDB) for which sequences are available in the
database. Similarly this was well supported by a

Figure 29: Graphical representation of percentage pairwise
genome scores and nucleotide identity plot of complete
sequence of ToLCBDB and other betasatellites
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phylogenetic analysis showing close clustering of
ToLCBDBâ of eggpant with ToLCBDB infecting chilli
in India, for which a full-length sequence is available
in the databases (Figure 30).

Figure 30: Phylogenetic tree of complete nucleotide
sequences of betasatellite of leaf curl disease of eggplant
and other begomovirues.

Recombination analysis of three
begomoviruses associated with yellow vein
mosaic disease of pumpkin.

Recombination is a major driving force in the
evolution of geminiviruses. This may occur through
mutations, recombination (exchange of DNA between
like DNA components) and pseudorecombination (is
the exchange of DNA components) between the
variants of the same virus, between species and even
between genera, has resulted in rapid diversification
and emergence of novel begomoviruses. The yellow
vein mosaic disease of pumpkin are associated three
different begomoviruses ie Tomato leaf curl New Delhi
virus (ToLCNDV), Squash leaf curl china virus (SLCCNV)
and Tomato leaf curl palmpur virus (ToLCPaV) and their
associated betasatell ites. A comprehensive
recombination analysis was carried out by alignment
of complete genomes of ToLCNDV, SLCCNV and
ToLCPaV with other begomviruses from database. The

analysis indicates the evidence of recombination in all
three viruses infecting pumpkin with most of the DNA
A like sequence was derived from ToLCNDV and
SLCCNV infecting pumpkin, bitter gourd and rigde
gourd to emerge as a new strains of ToLCNDV,
SLCCNV and ToLCPaV (Figure 31).  Further
recombination analysis in DNAB like sequence of
ToLCNDV, showed most of the DNA B fragments were
derived from ToLCNDV infecting chilli, whereas
SLCCNV is non-recombinant in nature (Figure 32).
Similarly  analysis in betasatellites (Pepper leaf curl
betasatellite (PepLCB), Papaya leaf curl betasatellite
(PaLCB), Tomato leaf curl betasatellite (ToLCB) and
Ludwigia leaf distortion betasatellite (LuLDB), the most
fragments derived from PaLCB, ToLCB, PepLCB and
LuLDB associated with bitter gourd leaf curl virus and
Ludwigia leaf distortion virus respectively
(Figure 33 ).

Figure 31: DNA-A of pumpkin YVMV

Figure 32: DNA-B of pumpkin YVMV
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Figure 33: satellite of Pumpkin YVMU

Figure 34: Tospovirus infection on vegetables

virus (GBNV), Capsicum chlorosis virus (CaCV) and
Watermelon bud necrosis virus (WBNV); all the three are
widely existing in India belongs to the genus
Tospovirus, family Bunyaviridae. Results revealed that
all the samples were reacted positive for the GBNV,
except CaCV (specific to chilli) and WBNV (specific to
watermelon). Further, samples were subjected for
molecular confirmation through reverse transcriptase
polymerase chain reaction (RT-PCR) (Figure 35 and
37). However, extracted the RNA and prepared the
cDNA from infected samples; further utilized the cDNA
as template for RT- PCR analysis with corresponding
gene specific primers (Coat protein gene) such as
Groundnut bud necrosis virus nucleo-capsid gene
(GBNV-NP gene), Capsicum chlorosis virus nucleo capsid
gene (CaCV-NP gene) and Watermelon bud necrosis virus
(WBNV-NP gene). Further, RT- PCR protocol  was
standardized for all the three viruses and obtained the
amplification of expected size (750bp-1.2kb) in bottle
gourd, chilli, cucumber, french bean, muskmelon and
watermelon.Mahesha, V.

Infected vegetable plants/samples (Figure 34)
were evaluated for the presence of tospovirus infection
through serological, molecular and biological assays.
However, by subjecting the infected samples (Ash
gourd, bottle gourd, chilli, cowpea, cucumber, french
bean, garlic, musk melon, onion, tomato and water
melon) for Direct Antigen Coating Enzyme Linked
Immuno Sorbent Assay (DAC-ELISA) (Figure 36) with
virus specific antibodies such as Groundnut bud necrosis

  M    1    2    3   4    5     6   7     8   9   10 11 12   13 14                      

Index: M: 1Kb marker; Lanes 1-14 are cDNA
Figure 35: cDNA preparation
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Table 16: Infestation level of root-knot nematode at
IIVR, Varanasi and SPC, Sargatia farm.

Nematode population and 
Gall index at IIVR Farm 

Nematode population and 
Gall index at SPC  Farm 

Crop Nematode 
population 

(J2/250 g soil) 

Gall 
index 
(0-4) 

Nematode 
Population 

(J2/250 g soil) 

Gall 
index 
(0-4) 

Tomato 280 02 40 01 
Brinjal 625 03 57 01 
Chilli 230 01 23 01 
Okra 310 03 47 02 
Cowpea 170 01 17 01 
Pumpkin 150 01 23 01 
Bottle 
gourd 

- - 30 01 

Bitter 
gourd 

- - 37 01 

Kakrol - - 10 01 
*Gall index: 0=0 galls; 1=1-25% galls; 2=26-50% galls; 3=51-75% galls and 
4=76-100% galls **Average of 3 counts; ***EITL-Economic injury 
threshold level i.e. 1-2 nematode (J2)/g (cc) soil under field condition. 

 

                     M     1       2       3      4      5      6     7      8      9    10  

Index: M: 1Kb marker; Lanes 1- 2: Tomato, 3 - 4:
Cucumber, 5- 6: Chilli, 7-8: Cucumber and  9-10: Bottle
gourd
Figure 37: cDNA preparation 32c. Reverse transcriptase
polymerase chain reaction (RT-PCR)

SUB PROJECT 6.9: Management of
Nematodes Infesting Major Vegetable Crops

Satyandra Singh, C. Sellaperumal, M. Loganathan,
Jaydeep Halder and Subhadeep Roy

Extensive survey for nematode infestation was
carried at IIVR, Varanasi and SPC, Sargatia research
farm. At IIVR farm tomato, brinjal, chilli, okra, cowpea,
pumpkin were observed for infestation of  root-knot
nematode, Meloidogyne incognita which varied from 150
to 625 J2/250 cc soil  with a root gall index (1-3). Except
pumpkin, all the tested crops showed higher density
of nematode population above economic injury
threshold level (Table 16). The results of population
fluctuation showed that M. incognita highly active
during October-November and April (Figure 36). At
SPC, Sargatia, bottle gourd, bitter gourd and kakrol
were also surveyed which revealed very low population
in the range of 10-57 J2/ 250cc soil  with a gall index 1-
2 only (Table 17).

Figure 38: Population fluctuation of M. incognita at IIVR
farm

Twenty villages covering three districts of UP were
surveyed for root-knot nematode infestation in
vegetables, of which 10 villages were from Kushinagar
distr ict and 5 villages each from Varanasi and
Mirzapur districts (Table-17).

In-vitro testing of antagonistic activity of
bacterial isolates against root-knot
nematode, M. incognita.

The culture filtrate of thirteen bacterial isolates
tested under in-vitro condition for their antagonistic
activities against root-knot nematode, M. incognita.
Tested isolates showed various degree of mortality after
24 h in the range of 0-36.7% (Table 17). All the
observations were recorded after 24 h revival test under
distilled water up to 24 h. The maximum mortality of
juveniles was recorded with isolate BG-18 (36.7%)
followed by Bg-11 (Figure 18). However, they did not
show any significant difference.

Figure 36. DAC-ELISA to detect the tospovirus infections

Index: ELISA plate shows the yellow color in each well
loaded with tospovirus infected samples were reacted
to virus specific antibody and produced the yellow
colour is the indication positive reaction for viral
infections and colorless wells were loaded with buffer
as a check
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Table 18: Efficacy of culture filtrates of various
bacterial isolates against root-knot nematode, M.
incognita.

Bacterial 
isolates 

Exposure time (48h) 
Immobility 

(%) 
Mortality (%) 

(after 24h revival test) 
BG-11  54.0  (47.3±4.0)*a  32.5 (34.6±3.9)a  
BG-2  9.5 (17.9±1.4)d  3.4  (10.7±1.0)b  
BG-18  36.5 (37.1±3.2)b  36.7 (35.7±3.6)a  
BG-5  33.0 (34.9±3.6)b  0.0 (0.0)b  
BG-7  9.5 (17.9±1.4)d  0.0 (0.0)b  
BG24  15.5 (23.1±1.9)c  0.0 (0.0)b  
S7  36.0 (36.8±2.3)b  0.0 (0.0)b  
S8  29.5 (32.8±2.8)b  0.0 (0.0)b  
S5  3.5 (10.5±2.3)e  0.0 (0.0)b  
S14  40.0 (39.1±4.7)a  0.0 (0.0)b  
S17  20.0 (26.4±2.1)c  0.0 (0.0)b  
S23  38.5 (38.3±2.6)a  0.0 (0.0)b  
S30  49.0 (44.4±2.8)a  0.0 (0.0)b  
Control  0.0 (0.0)f  0.0 (0.0)b  
CD at 0.5 8.99  4.69  
 

Table 17: Survey for root-knot nematode infestation

Village  (District)  Crops 
Tomato  Brinjal  Okra  Chilli   Cowpea   

Nematode 
Population 

(J2/250 g soil) 

G.I Nematode 
Population 
(J2/250 g 
soil) 

G.I Nematode 
Population 
(J2/250 g 
soil) 

G.I Nematode 
Population 
(J2/250 g 
soil) 

G.I Nematode 
Population 

(J2/250 g soil) 

G.I 

Badhani (Varanasi) 360 02 484 03 315 01 352 02 187 01 
Badhani Khurd 
(Varanasi) 

480 02 165 01 345 01 290 02 319 02 

Bedoli (Mirzapur) 825 03 187 01 333 01 272 02 308 02 
Banjhariya 
(Kushinagar) 

540 03 396 03 546 02 333 02 297 02 

Baluei (Kushinagar) 405 02 297 02 459 02 340 02 319 02 
Bhatolia (Kushinagar) 270 01 198 01 272 01 340 02 143 01 
Bishnupura 
(Kushinagar) 

435 02 319 02 390 02 220 02 330 02 

Dharampur 
(Kushinagar) 

405 02 297 02 330 02 260 02 352 02 

Dudhai (Kushinagar) 255 01 187 01 90 01 160 01 187 01 
Emiliadhuriya 
(Kushinagar) 

495 02 363 02 312 02 290 02 396 02 

Hariapur 
(Kushinagar) 

390 02 286 02 372 02 310 02 341 02 

Jamuan (Kushinagar) 285 02 308 02 376 02 280 02 297 02 
Majhawa (Mirzapur) 1065 03 704 03 1156 03 175 01 154 01 
Marhaz (Mirzapur) 975 03 792 03 960 03 145 01 156 01 
Mataldai (Varanasi) 960 03 781 03 270 02 372 03 176 01 
Narsad (Varanasi) 345 02 715 02 190 01 222 01 341 02 
Menya (Mirzapur) 465 02 253 01 256 01 212 01 330 01 
Sursi (Mirzapur) 360 02 121 01 420 02 190 01 330 01 
Sapahi (Kushinagar) 330 02 187 02 510 02 242 02 319 02 
Shivarva (Varanasi) 585 02 429 03 630 02 240 02 121 01 
* Gall index: 0=0 galls; 1=1-25% galls; 2=26-50% galls; 3=51-75% galls and 4=76-100% galls **Average of 3 counts; ***EITL-Economic 
injury threshold level i.e. 1-2 nematode (J2)/g (cc) soil under field condition. 

 

The maximum population of root-knot nematode,
M. incognita infesting tomato was recorded from Village
Majhwa of district Mirzapur with gall index 3 (Figure
39) followed by village Mataldai of district Varanasi
(Figure 40).  On brinjal crop the maximum nematode
population was recorded from village Marhaz
(Varanasi) (Figure 41 ) followed by Village Mataldai of
district Varansi (Figure 42). On okra crop the maximum
infestation of root-knot nematode was recorded from
Majhwa of District Mirzapur with gall index 3 (Figure
43). On chilli the maximum infestation was recorded
from village Mataldai of district Varanasi with gall
index 3 (Figure 44) and highest population of root-
knot nematode was recorded from Emeliadhuria of
District Kushinagar with gall index 2.
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Figure 39: Tomato roots infested with M. incognita
collected from Majhwa (Mirzapur)

Figure 40: Tomato roots infested with M. incognita
collected from village Mataldai,Varanasi

Figure 41: Brinjal crop infested by M.incognita colled from
Marhaz of district Varanasi

Figure 42: Brinjal root infested M. incognita collected from
Mataldai of district Varanasi

Figure 43: Okra roots infested with M. incognita collected
from Majhwa,Mirzapur

Figure 44: Chilli roots infested with M. incognita from
village Emiliadhuria of distrct Kushinagar
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recorded under the treatment where nematode and
fungus were inoculated simultaneously (N+F sim).
Highest disease severity (66.3%) was also recorded in
the treatment where both the pathogens were
inoculated simultaneously followed by the treatment
where nematode was inoculated 7 days prior to fungus
(N7+F) (Table 21).

Table 21 : Disease severity caused by root-knot
nematode, M. incognita and collar rot fungus,

In-vitro screening of botanical extracts
against root-knot nematode, M. incognita
mortality

 Aqueous extracts of botanicals, garlic and neem
and organic solvent extracts of dhatura were tested
under in-vitro test. Aqueous extracts of neem leaves
was recorded better than garlic even up to one by four
dilutions when exposed up to 48 h. The per cent
mortality was recorded up to 100% in this dilution.
Among organic solvents acetone extract was recorded
better in comparison to other tested solvents i.e. hexane
and chloroform. All the dilutions of acetone showed
91.6 -100% mortality with 1000 to 50000 ppm dilutions
respectively (Table 19 and 20).

Table 19: Effect of aqueous extracts of botanicals on
the mortality of root-knot nematode, Meloidogyne
incognita.

Botanical  Dilution Mortality after (%) 
24h 48h 

Garlic  S.E 100 100 
S/2 73.6 84.9 
S/4 53.3 72.3 
6/8 32.3 48.6 

S/16 16.3 24.2 
Control (D.W) 1 4 

Neem  S.E 100 100 
 S/2 100 100 
 S/4 93.5 100 
 6/8 77.5 95.5 
 S/16 55.5 76.5 
 Control (D.W) 2 5 
S.E is prepared by mixing of 10 g garlic cloved/fresh neem 
leaves in 100 ml of distilled water 
 

Botanical  Dilution  Organic solvents  
Acetone  Hexane  Chloroform  

Mortality after 24 h  (%) 
Dhatura  1000 ppm  91.75  36.0  18.5  

5000 ppm  95.25  42.5  25.2  
10000 
ppm  

99.25  52.5  39.0  

25000 
ppm  

100  72.7  49.2  

50000 
ppm  

100  88.7  58.7  

Control 
(E.W)  

0  0  0  

 

Sclerotium rolfsii on tomato.

UC- Uninoculated check; N-nematode; F-fungus;
N7 –Nematode inoculated 7 days before fungus; F7  -
Fungus inoculated 7 days before nematode. *Figures
presented in parentheses () are square root transformed
values @ sqrt (x+0.5); Nematode inoculums level -2 J2 /
g sterilized soil; Fungus inoculums- 2 g fungal mat
mix with 18 g sand: Root colonisation index was
calculated as per Shahzed and Ghaffar (1992) i.e. 0=0;
1=1-10; 2=11-25; 3=26-50; 4=51-75 and 5=76-100.

SUB PROJECT 6.10: Dynamics of pest and
diseases and development of forecasting
models

A.B. Rai, M.H. Kodandaram, Jaydeep Halder, M.
Loganathan, Sujoy Saha, V. Venkataravanappa,
Satyendra Singh, T. D. Lama

The dynamics of fruitfly incidence Bactrocera
cucurbitae in cucurbits and brinjal fruit and shoot borer
Leucinodes orbonalis in brinjal was studied by installing
the cue lure and sex pheromone traps, respectively.

Table 20: Effect of organic solvent extract of Dathura
on mortality of root-knot nematode, M. incognita
mortality.

Establishment of disease-complex:
Disease severity caused by root-knot nematode,

M. incognita and collar rot fungus Sclerotium rolfsii on
tomato with various permutation and combinations.
Maximum reduction in plant height and biomass was

Treat-
ments  

Plant 
height 
(cm) 

Plant 
biomass 

Number 
of galls/ 

root 
system 

Nematode 
popula-

tion/ 
250 cc soil 

Disease 
severity 

(%) 

UC  60.8 
(7.83)*a 

232 
(15.25)a 

0.0 (0.71)d 0.0  (0.71)c 0 

Control  67.5 (8.25)a 241.0 
(15.54)a 

0.0  (0.71)d 0.0  (0.71)c 0 

N-alone  37.5 (6.16)c 160.0 
(12.67)b 

302 
(17.39)a 

3200  
(56.57)a 

22.3 

F- alone  45.2 (6.76)b 120.0 
(10.98)b 

0 .0 (0.71)d 0.0  (0.71)c 25.0 

N+F 
(Sim)  

27.5  
(5.29)d 

36.4 (6.07)d 98  (9.92)c 2700 
(51.97)ab 

66.3 

N7+F  40.0  (6.36)c 66.0 (8.15)c 115 (10.75)c 2800 
(52.92)ab 

33.7 

F7+N  38.2  (6.22)c 74.4 
(6.22)cd 

122  
(11.07)b 

2200 
(46.91)b 

27.8 

CD at 0.5 0.44 1.98 1.38 6.06  
UC- Uninoculated check; N-nematode; F-fungus; N7 –Nematode 
inoculated 7 days before fungus; F7  -Fungus inoculated 7 days 
before nematode.  
*Figures presented in parentheses () are square root transformed 
values @ sqrt (x+0.5);  
Nematode inoculums level -2 J2 /g sterilized soil; Fungus 
inoculums- 2 g fungal mat mix with 18 g sand: Root colonisation 
index was calculated as per Shahzed and Ghaffar (1992) i.e. 0=0; 
1=1-10; 2=11-25; 3=26-50; 4=51-75 and 5=76-100.  
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Weekly recording of trap catches of adult fruitfly in
cucurbits revealed its occurrence from 1st week of
October (105.7 nos/trap) with its peak collection in
last week of October (299.3 nos/trap) followed by third
week of March, 2014 (210) (Figure 45). Whereas the
incidence of brinjal shoot and fruit borer L. orbonalis
was recorded for 25 SMW (38-12) during cropping
period. Large fluctuation in the incidence of BSFB in
brinjal was observed with peak period after second
fortnight of October onwards till mid-December. The
highest moth collection of 2.8 /trap was recorded
during 44th SMW followed by 48th SMW(Figure  46).

Figure 45: Population dynamics of fruit fly in cucurbits

The dynamics of late blight of tomato caused by
Phytophthora infestans and black rot of cabbage caused
by Xanthomonas campestris pv campestris was studied
by calculating the PDI at weekly intervals for 15 SMW.
In case of former, disease initiated when temperature
dropped down to 20ÚC with high RH >95%. The
maximum incidence of late blight  of 50% was recorded
at 12th SMW and after a marginal decrease during 13th

and 14th SMW, there was again an increase in the
disease during 15th SMW (Figure 47). In case of black
rot disease, the increase in disease incidence was very
sharp during 5th to 9th SMW as the maximum RH
ranged from 80-90%. However, the disease incidence
decreased during 11th-13th SMW(Figure 48).

Figure 46: Population dynamics of shoot and fruit borer
in brinjal

Figure 47. Epidemiology of late blight (Phytophthora
infestans) in tomato

Figure 48: Epidemiology of Black rot of cabbage
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Externally Funded Projects

PROJECT 1 : National Initiative for Climate
Resilient Agriculture

Major Singh, N Rai, Rajesh Kumar, Anant Bahadur,
SK Tiwari and AB Rai

Identification and development of tomato
varieties tolerant to climatic stresses (heat,
moisture stress i.e. deficit and excess) for
different agro-climatic regions and growing
seasons.

Screening of genotypes for tolerance to heat
stress

Two hundred fifty genotypes of tomato were
screened for tolerance to high temperature. Based on
fruit setting percentage, nine lines were found to be
highly tolerant (> 80%), 49 tolerant (60-80%), 104
moderately tolerant (40-60%), 62 sensitive (20-40% )
and 26 highly sensitive (0-20%). Out of 30 promising
lines, EC-538380, VRT 101A and EC-620419 performed
better under heat stress with respect to morphological
at 30 0C to 44 0C. The genotypes M-1-4 and VRT-101A
showed higher tolerance to high temperature with
respect to pollen viability.

The chlorophyll fluorescence revealed higher PSII
activity in VRT-102 (0.70) followed by EC-538423 (0.68)
and VRT-101A (0.60) whereas it was recorded
minimum in 15 SB (0.31) indicating tolerance and
susceptibility of genotypes to high temperature stress.
While the PSII activity under optimum temperature for
tomato is 0.83, the genotypes VRT-102 and VRT-101
performed relatively better. Proline content showed

peroxide (H2O2) was recorded minimum in Superbug
(42.0 mM/FW) and highest in Pusa Ruby (95.71 mM/
FW).  Similarly, superoxide dismutase (SOD) ranged
from 0.67 IU/mL (VRT 101A) to 1.29 IU/mL and
peroxidase (POX) varied from 0.63 IU/mL (CLN 2026)
to 6.04 IU/mL (Punjab Chhuhara). Though higher SOD
and POX exhibited by the genotypes were not in
corroboration with heat tolerance, the enzymes might
be involved in the maintenance of the plants and not
contributing towards the fruit setting and yield. Heat
stress markedly decreased the fruit weight and the
percentage of fruit set significantly in all thirty
genotypes, however, genotype EC-538423 performed
better for fruit setting percentage (47.3%) followed by

M-1-4 (43.5%) among all the genotypes at highest
temperature regime. Maximum flower drop was
noticed in Punjab Chuhhara and Pusa Ruby i.e. 100%.

In response to the high temperature stress, EC-
538423, M-1-4, Sun cherry, EC 538380 and VRT-101A
performed better for morphological, physiological and
fruit quality traits.

Evaluation of selected genotypes in
temperature gradient tunnel (TGT)

Based on the performance of tomato genotypes
under field condition and other observations, four
genotypes (two tolerant - VRT-101A and EC-538380,
and two susceptible - EC-520075 and Punjab
Chhuhara) were selected for further validation in
temperature gradient tunnel (TGT).

The PS II efficiency (Fv/Fm) was observed at three
different stages i.e. bud initiation, 50% flowering and
at full bloom, and the highest efficiency was recorded
at bud initiation phases in all genotypes. At full bloom
stage, in gradient T6, maximum Fv/Fm were recorded
in VRT-101A (0.583), whereas PS II efficiency  was
found lower in Punjab Chhuhara (0.398) and EC-
520075 (0.447). This indicates the inherent potential of
genotypes VRT-101A to tolerate heat stress to some
extent maintaining the PSII activity. Leaf area ratio
initially increases with the temperature increases up
to gradient T2, but gradually declined with further
increase the temperature in all genotypes. The highest
LAR was noted 84.03 cm2/g at T2 whereas at gradient
T6, 76.74 cm2/g in case of VRT-101A. VRT-101A
showed higher pollen viability at all 6 temperature
gradient with the viability of 88% at T6 (highest temp.).

VRT 101-A exhibited higher fruit setting
percentage (73%) at highest temperature regimes
compare to the control (99%). Total fruit weight was
high in VRT-101A (789 g/plant) under highest
temperature regimes (T6), whereas at ambient
temperature it was 1072 g/plant. The maximum total
fruit weight found in EC-520075 (1382 g/plant) at
ambient temperature whereas, in Punjab Chhuhara it
was minimum (278 g/plant)  at the highest
temperature.

An increase in chlorophyll a/b, carotenoid
contents and Chlorophyll/carotenoids were shown in
VRT-101A and EC-538380 under high temperature
stressed plants. The highest SOD activity was noticed
at flowering phase than at the budding phase.



76

Maximum SOD was recorded in VRT-101A (2.18 1U
mL-1 in T5) and it was minimum in Punjab Chhuhara
(1.62 1U mL-1 in T5).The highest APX activity under
heat stress was noticed in genotypeEC-538380 (0.153
1U mL-1 at T6) whereas in VRT-101A (0.1401U mL-1 in
T5) (Figure 1). Based on the comparison of four tomato
genotypes and six temperature gradients including
ambient temperature (control), VRT 101-A (cultivated)
and EC-538380 (wild) perform better whereas Punjab
Chhuhara (cultivated) and EC-520075 (wild) could not
perform well under high temperature stress.

Evaluation of genotypes for tolerance to
moisture stress

Effect of drought stress on morphological
parameters during 2013-14

A total of 31 diverse genotypes of tomato were
evaluated under three levels of drought stress i.e. light
stress, mild stress and severe stress with well watered
control. On the basis of RWC and fruit setting (%), EC-
625659 yielded better under severe stress condition,
while VRT-101A performed significantly well only in
mild stress conditions and EC-538404 was high yielder
in light stress and control condition.

Screening of tomato cultivars/genotypes for
water logging tolerant

A total of 89 diverse cultivars/genotypes of tomato
were evaluated in pot, both at active growth (40 DAT)
and reproductive stages (70 DAT) i.e. 24h, 48h and
72h of water-logging along with control (no stress).
Among 89 genotypes, five genotypes, viz. C-11-3, C-9-
1, C-21-1, C-1-1 and D-3-1 showed tolerance to water-

logging for 48h and 72h, at vegetative and at
reproductive stage, respectively (Figure 2). On the other
hand, tomato genotype CLN-1621-1, C-157-2 and Azad
T-2 were registered as most susceptible and they could
not survive even in 24 or 48 h of water-logging stress
condition.

Preliminary evaluation of 40 tomato genotypes
revealed that EC 620354, EC 620456, E 5-1 and DMT-1
have more tolerance against water-logging. These
genotypes were found healthy and had less yellowing
symptom even after 120 hr (5 days) of water-logging
condition. Genotype EC-620395 and EC-620365 were
observed as most susceptible and they could not
survive even after 48 hr of water-logging.

Evaluation of flood tolerance through
grafting in tomato

Grafting of high yielding tomato cultivars (Arka
Rakshak, Arka Samrat and Kashi Aman) over water-
logging tolerant brinjal rootstock was initiated in
October 2013. Stress was imposed both at early growth
and at reproductive stages. Preliminary observations
revealed that tomato grafted over brinjal was able to
tolerate 96 hr of flood situation without any leaf
yellowing or wilting in plant. In contrast, the self
grafted or non-grafted plants died in 3 to 5 days after
stress treatment. Data on evaluation of suitable
rootstocks for water-logging stress, and effect of water-
logging on physio-biochemical and other traits of
tomato are in progress.

Introgression of desirable traits
A total of 18 new crosses have been attempted

and which will be evaluated for tolerance to high

Figure 1 : a-Relative performance of fruiting at six different gradient in TGT; Figure 2 :- C-113 tolerant to water logging
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Gene Relative expression (fold)a 
 Seed exudatesb Naringeninb 
nodA 1.85±0.40 3.67±0.38 
nodC 1.97±0.37 3.82±0.17 
nodF 1.11±0.28 3.47±0.23 
glgX 1.56±0.31 3.63±0.40 
 

temperature under natural condition during Feb-May
2014. A total of 10 crosses were advanced to next F2)
generation for creating variability and selecting the
desired genotypes in the subsequent generation.

Molecular breeding
Whole genome trascriptome sequencing, nine

tomato genotypes viz. Punjab Chhuhara , H-88-78-1,
CO-3, EC- 520061, VRT-32, BL-1208, H-86,  EC-538380
and NCEBR- 4 was done for SNP detection through
reduce or capital presentation Library technology.

PROJECT 2 : Structural Genomics of
Mesorhizobium ciceri Ca181 (AMMAS)

Major Singh

Mesorhizobium ciceri strain Ca181 is a chickpea
nodulating bacteria. The estimated genome size of M.
ciceri Ca181 is 6.47 Mbp and it has 6742 predicted genes
in 4116 transcription units. The genome sequencing
has been completed and next step is functional
characterization of gene related to phosphate
solubilisation and moisture stress tolerance. This study
was  conducted to establish an efficient mutagenesis
method, using the commercial Tn5 transposon
EZ::Tn5™<KAN2>Tnp Transposome. Seven drought
sensitive and five phosphate solubilisation defective
mutants were isolated after screening. Phosphate
solubilisation defective mutants were affected in genes
involved with the synthesis of gluconic acid (pqqB, pqqC,
pqqE and gdhA). The pqq genes encode proteins involved
in different stages of the cofactor pyrroloquinoline
quinone (PQQ) production. This cofactor acts in the
pathway of glucose dehydrogenase (GDH), an enzyme
that converts glucose to gluconic acid. In gram-negative
bacteria, the efficient solubilization of phosphate
generally results from the production of gluconic acid.
The ability of organic acids to solubilize compounds
of phosphorus is attributed to mechanisms of
acidification, chelation and exchange reactions. The
gluconic  acid is produced by the extracellular
oxidation of the glucose, performed by the quinoprotein
glucose dehydrogenase (GDH-PQQ). In order to
identify the gene interrupted by the transposon
insertion in each of the seven drought sensitive mutants,
the flanking regions of the transposon insertion points

were analyzed by sequencing. All the mutants were
affected in genes involved with the synthesis of
trehalose phosphate (á,á-trehalose-phosphate
synthase).  In another study, the transcription of nodA,
nodC, nodF, and glgX genes, located in the nod operon
of Ca181 strain were investigated by reverse-
transcription quantitative PCR. All four genes showed
low levels of transcription when the cells were
subjected to grow until exponential growth phase in
the presence of chickpea seed exudates or the root nod-
gene inducer naringenin. However, when cells at the
exponential phase of growth were incubated with seed
exudates, transcription occurred only after 5 min, and
nodA, nodC, nodF, and glgX were transcribed 27.28,
139.10, 61.39 and 45.73 fold more than the control,
respectively, followed by a rapid decrease in gene
transcription. Much lower levels of transcription were
observed in the presence of naringenin; furthermore,
maximum transcription required 8 h of incubation for
all four genes. (Figure 3)

In nodulation gene express ion study the
remarkable high values verified after 5 min of
incubation with seed exudates,  followed by a
considerable decrease soon after may suggest some
mechanisms controlling nodulation. The results could
be interpreted as leading to an initial high production
of Nod factor synthesis enzymes, which, very rapidly,
is reduced too much lower levels and one hypothesis
is that this mechanism could prevent inhibition of
nodulation by too high concentration of Nod factors
(Table 1). The results also indicate that there are
compounds in seed exudates still to be determined,
that might be responsible for nodulation gene induction
in much faster periods of time.

aMeans and standard deviation of three biological replicates,
each with three repllicates

bExpression with respect to the control

Table : 1. Transcription of Nod and glgX genes of
Mesorhizobiumm ciceri strain Ca181 grown for 48 h in
the presence of seed exudates and naringenin
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 (A)                                                (B)

Figure 3: Transcription of Nod and glgX genes of Mesorhizobium ciceri strain Ca181, incubated with seed exudates (A)
and with Naringenin (B) for various periods of time.

PROJECT 3: Network Project on Transgenic
Crops (NPTC)

Major Singh, A. B. Rai, Sanjeev Kumar, Rajesh Kumar,
H. C. Prasanna

Salt stress tolerant transgenic tomato -
AtDREB1A gene

T4 plants of the 36 independent events  of
rd29A::AtDREB1A/CBF3 transgenic tomato plants (cv.
Kashi Vishesh) carrying single transgene copy,
developed earlier, were screened for salt stress
tolerance by imposing 300 mM NaCl stress to 12
seedlings of each event. After the initial screening, out
of the 36 events, 4 events (D53, D76, D86, and D90) of
higher salt stress tolerance were selected.  A new set of
seedlings of these 4 transgenic events and the non-
transgenic (WT) plants were transplanted in pots. Fifty
old plants were imposed to salt stress by maintaining
0, 50, 100, or 200 mM NaCl in soil of the pots. RNA
expression analysis confirmed salt stress induced

ectopic expression of AtDREB1A/CBF3 in leaves of all
the four transgenic events. The expression level
increased with increasing severity of salt stress and
was highest in the leaves of 200 mM salt stressed
transgenic plants. Different physiological parameters
of salt stress tolerance were evaluated. The salt stress
exposed transgenic tomato plants recorded higher
relative water content, lower membrane damage
indicated by lower electrolyte leakage and lipid
peroxidation (MDA) compared to the non-transgenic
(WT) plants. Over-expression of rd29A::AtDREB1A/
CBF3 imparted lower susceptibility to salt stress-
induced chlorophyll and carotenoids reduction. The
transgenic plants also recorded lower level of H2O2
and higher survival rate, suggesting alleviation of
reactive oxygen species and higher salt stress tolerance.
The transgenic tomato plants expressing Arabidopsis
thaliana DREB1A/CBF3 gene are better adapted to salt
and drought stresses (Figure 4). Further biochemical
evolution studies of salt stress exposed transgenic
plants are in progress.
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Abiotic stress tolerant transgenic tomato –
BcZAT12 gene

BcZAT12 transformed transgenic tomato lines,
developed earlier, have ability to withstand drought
stress and heat-shock st ress.   These BcZAT12
transgenics of tomato useful for improving quality of
tomato in heat and drought stressed regions. Further
experiments of fruit quality of drought stress non-
transgenic (NT) and BcZAT12-transformed tomato lines
were performed. Tomato fruits from NT and Six selected
BcZAT12-transformed tomato lines ZT1-ZT6 (cv. H-86,
var. Kashi vishesh) tolerant to drought, were assessed
for nutritional quality, changes in physico-chemical
characteristics, size, pH, total-soluble solids and
health-related bioactive compounds (total sugars,
phenolics, flavonoids, Vitamin C, lycopene and â-
carotene) (Figure 5). An early ripening of tomatoes from
transgenics with more red but smaller fruits, high sugar

levels, elevated phenolics, flavonoids, lycopene and â-
carotene with an unaltered Vitamin C levels as
compared to tomatoes from non-transgenics were
noted. Results suggest that although due to stress
natural differences between tomatoes from transgenics
and non-transgenics do exist, so tomato fruits from
transgenic plants are products “as safe as” those from
non-transformed plants having relatively improved
antioxidant capacity than those from the non-
transgenic.

The BcZAT12, a C2H2-zinc-finger protein, is an
abiotic stress-responsive transcription factor. In-silico
experiment was carried out to study structure and
interaction of ZAT12 gene. Sequence analysis of ZAT12
protein (Accession No. ABB55254.1) from Brassica
carinata revealed it as a 161 amino acid long protein
with short conserved motif 140LDLXL144 in C-terminal,
a leucine rich L-Box with -14EXXAXCLXXL23 motif in

Figure 4: Salt stress tolerance of AtDREB1A transgenic tomato. Selection of transgenic events by higher salt stress on the
basis of electrolyte leakage (A); Non-transgenic (WT) and transgenic seedlings after two weeks on 300 mM NaCl
containing soil (B); transgenic and WT plants after 20  on 200 mM NaCl containing soil (C); Relative water content (D);
lipid peroxidation (MDA) assay (E); and hydrogen peroxide assay (F) of leaves of salt stressed transgenic and WT plants.
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N-terminal region and presence of two conserved Zinc-
Finger motifs “CXXCXXXXXXXQALGGHXXXH”
between positions 42-62 and 85-105. The two zinc
finger motifs have presence of two conserved glutamic
acid (Glu) and phenylalanine (Phe) residues. Two
methionine (Met) residues at position 94 and 102
present in ZF-motif-2 were absent in ZF-motif-1. The
94Met and 97Ala in ZF-motif-2 were found to be replaced
by serine (Ser) in ZF-motif-1. Homology and ab-initio
structural modeling of ZAT12 encoded BcZAT12
protein of Brassica carinata resulted in robust 3-D models
and were evaluated for structural motifs, associated
GO terms and protein-DNA interactions. The BcZAT12
protein model was deposited in PMDB database (PMDB
ID: PM0078213). BcZAT12 is  annotated as an
intracellular protein having molecular function in Zn-
binding which in turn regulates signal transduction/
translation processes in response to abiotic stresses in
plants. Results suggest BcZAT12 protein to interact
directly with one strand of dsDNA via electrostatic and
H-bonds.

Water use efficiency of AtDREB1A and
BcZAT12 transgenic tomato lines

Increased water-use efficiency is an important
challenge for agricultural production in an ever-
decreasing area of arable land and will have a major
impact on conservation and availability of water

globally. Drought tolerance is expected to have a major
impact on more sustainable cropping systems
worldwide, particularly in developing countries like
India, where drought will likely be more prevalent and
severe. Earlier , drought transgenic tomato lines
containing AtDREB1A or BcZAT12 gene were
developed. To compare water use efficiency (WUE) of
these transgenic lines with drought tolerant tomato
genotypes, we germinated seeds of AtDREB1A events
(D41, D53, D76, D86, and D90), BcZAT12 events (ZAT1,
ZT2, ZT5, and ZT6), non-transgenic line (WT; cv. Kashi
Vishesh), drought tolerant genotypes (H88-78-1 and
VRT32-1) , and drought susceptible genotypes
(EC520046 and EC620598) (Figure 6). Thirty  old
seedlings were transplanted in pots in 4 different sets
and each set contain 3 plants. First set was kept as
control with 80% field capacity (FC) irrigation; the
second set was exposed to deficit irrigation by
maintaining 40 % FC soil moisture condition. The third
set was exposed to 14  x 8 cycles of drought stress, and
fourth set was exposed to 28  of drought to test survival
rate by withholding irrigation. Drought stress was
started after 50  of germination. After 28  of continuous
drought stress AtDREB1A transgenic lines and VRT32-
1 genotype survived but the AtDREB1A transgenic
recovered better than VRT32-1. Total 30 litre of water
was used for the irrigation of plants exposed to 80%
FC soil moisture used, whereas 13.5 litre of water was
used for the plants to maintain 40% FC soil moisture.

Figure 5: Fruit quality of drought stress NT and BcZAT12-trnasformed tomato lines. a. Total Sugar; b. Total Phenolics
and Flavanoids; c. health-related bioactive compounds viz. Vit-C, Lycopene and â-carotene; d. physico-chemical
characteristics (pH, Fruit size and TSS).
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Figure 6: In-silico experiment for structure and interaction study of ZAT12 protein a. Five Top predicted 3-D models for
BcZAT12 protein; b. Three dimensional structure of BcZAT12 protein. Homology model  by SWISS MODEL (red), ab-
initio model by I-TASSER (green), and superimposition of model red and green; c. Interaction of Zinc Finger Protein
BcZAT12 (PMDBID: PM0078213) with DNA template at HEX V. 6.1 and visualized by Molegro Virtual Viewer and
binding of Zinc Finger motifs (ZF 1 and  ZF 2) with only one strand  of ds DNA ; d. Interaction between ZF2 domain of
BcZAT12 protein model (red ribbon) and DNA template (green) visualized at Molegro molecular viewer. Amino acid
residues 104Arg (ETotal = -18.2242), 107Asn (ETotal = 3.55548) and 118Arg (ETotal = -5.02928) of ZF2 are involved in interaction.
104Arg forms a. one and b. three H-bonds (———) with varied bond lengths.

Both of the transgenic lines were found to exhibit higher
drought tolerance in compare to the drought tolerant
genotypes. Many morphological and physiological
parameters such as plant height, root length, biomass,
leaf area, relative water content, electrolyte leakage and
fruit yield were recorded. The transgenic lines carried
higher yield and more number of fruits, and
experienced lower yield drag than the non-transgenic
(WT) line in the drought stress condition (40% FC).

Fruit and shoot borer resistant transgenic
brinjal – Cry1Aa3 gene

Homozygous  T3 generation plants of three
cry1Aa3 transgenic brinjal (cv. Kashi Taru) events (A2,
A3, and A7), developed earlier, were grown in glass
house. To advance the generation, flowers of these three
events were self-pollinated, and T4 generation seed
were harvested from the developed fruits.  Protein
structure of the Cry1Aa3 protein was prepared using

bioinformatic tools. The cry1Aa3 encodes a polypeptide
of 610 amino acids. In the structural analysis, three
domains were predicted from N to C terminus of the
Cry1Aa3 protein (Figure 7). The N-terminal region of
Cry1Aa3 protein has shown a high degree of sequence
similarity with other Cry1A proteins. Domain I (N-
terminal domain) extends from amino acid residues
37 to 255, domain II (the ä-endotoxin insecticide
domain) extends from amino acid residues 257 to 462,
while the domain III (C-terminal domain) comprises of
amino acid residues 463 to 610. The three domains of
the Cry1Aa3 protein seem to be connected by a single
linker. The domain I contains eight hydrophobic and
amphipathic á-helices (Figure 8), and is expected to be
involved in transmembrane pore formation.  The
domain II contains three anti-parallel â-sheets of similar
topology and two short á-helices, and is thought to be
involved in receptor binding and specific ity
determination. The domain III is a â-sandwich of three
highly twisted anti-parallel â-sheets, has been



82

proposed to stabilize the toxin by protection from
proteolysis and may be involved in receptor binding.
The sequence alignment indicated that the domain I is
highly conserved between Cry1Aa3 and Cry1Ac, the
domain II is slightly divergent, while the domain III is
the most divergent with 8.2% differing residues, 1.8%

Figure 7: Comparative water use efficiency of AtDREB1A and BcZAT12 transgenic tomato liens. Plants under full- and
deficit- irrigation (A); Fruit yield of AtDREB1A, BcZAT12, and non-transgenic (WT) lines obtain from 80% and 40% FC
soil moisture conditions (B); Relative water content (C); and electrolyte leakage (D).

Figure 8: Cry1Aa3 protein structure

conserved substitutions, and 4.1% semi-conserved
substitutions. In general, the Cry1Aa3 protein sequence
showed a perfect match with Cry1Aa and Cry1Aa13
proteins, while it is 86.7% similar to Cry1Ac and
Cry1Ab/c protein sequences.

The homology model of Cry1Aa3 protein and its
comparison with the other Cry1A proteins show that
its domains together make it as effective as the other
Cry1A ä-endotoxin. Such transgenic eggplant lines
possessing resistance to the ESFB could reduce
dependency on pesticide use for ESFB control, leading
to a safer environment and eggplant fruits.

Fruit borer resistant transgenic tomato –
Cry1Ac gene:

Eight events of transgenic tomato plants cv. Kashi
Vishesh carrying Cry1Ac gene were advanced to T5
generation and the best event was selected last year.
Seeds of the best events IVTT-5 and all other events
were germinated in glass house. After 30  of germination
six successive kanamycin sprays (200 mg l -1) were
applied to find any escape of transgenic or low
expression on the transgene. All the seedlings were
found to be kanamycin positive. Ten seedlings of each
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Figure 9: Development of mapping population for
anthracnose disease

event were transplanted in insect proof net house, their
flowers were self-pollinated and matured fruits were
picked. Seeds of such fruits were harvested for further
multiplication.

Fruit and shoot borer resistant transgenic
brinjal – Cry1Ac gene:

Transgenic plants of the developed nine single
copy ESFB resistant transgenic eggplant cv. Kashi Taru
(IVBL-9) events were advanced to T6 generation and
the best event was selected last year. Seeds of the best
events IVBT-2 and IVBT-4 were germinated in glass
house. After 20  of germination six successive
kanamycin sprays (100 mg l-1) were applied to find
any escape of transgenic or low expression on the
transgene. All the seedlings were found to be
kanamycin positive. Ten seedlings of each event were
transplanted in pots, their flowers were self-pollinated
and matured fruits were picked. Seeds of such fruits
were harvested for further multiplication.

BC3F3 generation back crossed progeny plants of
six brinjal varieties (viz. Pant Rituraj, Uttara, Punjab
Barsati, VR-14, IVBL-9, VR-5), crossed with Cry1Ac
transgenic brinjal event EE-1 (obtained from Mahyco),
have been developed earlier. To advance these Bt-
brinjal lines, BC3F seeds of were sown in the pot
under containment conditions and 20  old seedlings
were sprayed with 100 mg l-1 of kanamycin. After six
successive sprays, the Bt-positive seedlings survived
and the non-transgenic seedlings died. Ten positive
seedlings of each line were transplanted in insect proof
net house. The Bt-brinjal plants with high protein
expression and similar to recurrent parent were chosen
and further self-pollinated for seed multiplication.
BC3F4 seeds from the mature selfed fruits of all the six
varieities were harvested.

PROJECT 4: Gene expression studies and
development of functional markers for
anthracnose disease in Capsicum species

Rajesh Kumar, M. Loganathan and Major Singh

Identification of contrasting parents with respect to
Colletotrichum capsici based on molecular and
pathological characterization: Among 290 chilli
genotypes comprising hot, sweet, paprika and wild
accessions were screened under field condition; 246
germplasm were categorized as resistant,  31
moderately resistant and 13 as moderately susceptible.
Of these 290, genotypes, 25 varieties/lines were selected
from amongst all categories for in vitro screening. Out
of these 25 genotypes, Taiwan 2, Punjab Lal, PBC-904
and BS-35 were found to be highly resistant, while Pant

C1 was resistant, Kashi Sinduri was moderately
resistant and EC-566320, EC-458206, F5-112, AKC-89/
38 were found to be moderately susceptible. Among
the susceptible lines, Pusa Jwala, KA-2, CCA-4261, CM-
334, PT-12-3 showed highly susceptible reaction
against C. capsici. Based on molecular and pathological
characterization on field trials and in vitro screening
Pusa Jwala (female) was found to be susceptible and
Taiwan-2 (male) was found to be resistant. These
contrasting parents were used for developing mapping
population.
Development of mapping populations (F2) using
susceptible and resistant genotypes: Cross of the
resistant Taiwan 2 (resistant) and susceptible Pusa
Jwala (susceptible) parent was successfully developed
and F1 seeds was raised in the July 2013 for
transplanting in the experimental plot for evaluation
during August 2013. Fruits from the selfed F1 plant
have been harvested and the F2 segregating seeds
obtained will be used as the mapping population for
anthracnose disease during July-August 2014 (Figure
9).

Transcriptome analysis through next generation
sequencing: Using Transcriptome analysis through
Next generation sequencing, we have received the
comprehensive raw data (total contigs) of chilli
RNASeq by Sandor Proteomics Pvt. Ltd., Hyderabad.
The filtered data quality statistics is given in Table 2.
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Table 2: High quality (HQ) paired end faltered data
quality statistics

monomorphic .  Al l eight EST-SSRs showed
polymorphism in muskmelon genotypes.

Advancement of F2 as F3 of selected cross
for drought specific marker validation

A total of 84 F3s were developed during 2013
under poly house condition by utilizing polymorphic
parents for targeted traits. The seeds of following F3s
were obtained and will advance as F4s in next season.

Designing of gene specific primers for expression
analysis of drought tolerance in melon. cDNA
preparation from RNA isolated from controlled and
moisture stress treatment

14 drought stress related genes has been selected
and there nucleotide sequence downloaded from the
site i.e www.melonomics.net. Function of the gene has
been confirmed through nucleotide blast and protein
blast (www. blast.ncbi.nlm.nih.gov). Primers were
designed by using primer 3. Designed primers location
checked through oligolocator software. Interproscan
server used to check primer location either in domain
region or not. Functionally selected genes belongs to,
dehydration-responsive element-binding protein 2C,
dehydration-responsive protein RD22, dehydration-
responsive element-binding protein 3, dehydrin
(Jatropha curcas), dehydration-responsive element-
binding protein 2D, dehydration-responsive element-
binding protein 2F and dehydration-responsive
element-binding protein 1C. To study the gene
expression changes, experiment was conducted under
green house in 10 kg capacity pots (9 inch size). Stress
treatment was started just prior to flowering started.
Water stress was imposed by withholding water
application for 7  (little stress) 14  (moderate stress), 21
(severe stress). A separate set of same lines well watered
and kept as control. Based on RT-PCR differential
expression among tolerant and susceptible genotype
observed, out of many primers used, primer designed
from RD22 protein responsible gene, shows many fold
change under stress condition.

PROJECT 6:  Validation of DUS testing
guidelines of cucurbits i.e, muskmelon and
watermelon
Sudhakar Pandey

The DUS testing characteristics of muskmelon
and watermelon were validated for the various
descriptor states according the DUS minimal
descriptor. The muskmelon and watermelon descriptor
was finalized with 31 characters consisting 5 essential
characters. The muskmelon descriptor has already
been presented before the taskforce committee and
revised.

Sequences obtained from HiSeq 2000 platform
were used for assembly annotation. The tool BLASTX
(E value<=0.001 and Query coverage cut off 50% and
20% identity was used for annotation with plant Non-
redundant database against predicted clustered
transcript sequences.

Development of functional markers (SNPs
and SSRs)
SSR loci identification and associated marker
development: SSR locator was used for prediction and
making simple sequence repeats (SSR) primers and a
total of 1130 SSR primer pairs (581 SSRs from 5.307 GB
data in resistant, Taiwan2 and 549 SSRs from 4.892
GB data in susceptible, Pusa Jwala) were generated.

PROJECT 5: Bio-prospecting of genes and
allele mining for abiotic stress tolerance

Sudhakar Pandey and Anant Bahadur

SSR profiling of 48 muskmelon lines
selected from the identified core lines for
drought tolerance study

To study the molecular diversity in muskmelon
genotypes 48 muskmelon accessions were choosen,
earlier these genotypes had been screened in the field
to find out there drought tolerance efficiency, selected
48 genotypes include both drought tolerance and
susceptible genotype. A total of 43 primer pairs, which
earlier used in cucumber genotyping and found
polymorphic were used which include 35 SSR primers
and 08 EST-SSR primers. Baesd on SSR markers
variability has been observed among the accessions.
Out 35 SSR primers 29 showed polymorphism in
muskmelon genotypes, remaining six were

Parameter Taiwan2 Pusa Jwala 
Minimum length 100 100 
Maximum length 100 100 
Average length 100.00 100.00
Total number of HQ PE reads 53704567 49471665 
Percentage HQ PE Reads 99.60% 98.79% 
Total number of bases in HQ Reads 5370456700 4947166500 
Total number of HQ bases in HQ 
Reads 

5307011246 
(5.307 Gb) 

4892372201 
(4.892 Gb) 

Percentage of HQ bases in HQ Reads 98.82% 98.89% 
Total number of Non-ATGC bases in 
HQ Reads 

185891 170917 

Parameter Taiwan-2 
(Resistant) 

Pusa Jwala 
(Susceptible) 

Total number of transcripts predicted 86,029 85,420 
Total number of transcripts annotated 39,925 40,160 
Percentage of transcripts annotated 46.4% 47% 
Total number of unique genes 
mapped 

24,954 25,086 
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PROJECT 7:  Business Planning and
Development Unit of IIVR, Varanasi:

P.M. Singh, Neeraj Singh, Shailesh K. Tiwari, S. Roy,
Vanitha SM and Sudhir Singh

Under component-I of NAIP, a Business Planning
and Development (BPD) unit has been established at
IIVR, Varanasi for commercialization of horticultural
technologies through licensing and development of
technology led entrepreneurship through incubation
and hand holding. The facility was formally launched
at IIVR, Varanasi on 28th September, 2013 by Hon’ble
DDG (Horticulture) of ICAR, Dr. N.K. Krishna Kumar.
On the occasion, a set of BPD publications were
released by the DDG. Within a short span of few
months, a good infrastructure for this facility has been
developed at the Institute. Towards the
commercialization of IIVR technologies, the BPD unit
has been able to execute five licences with private seed
companies in this  short span of time.  Forty
entrepreneurs have been enrolled as member of this
BPD unit. One person has registered himself as an
incubatee with this unit. The BPD unit conducted a
one day programme at the Institute on 17 September
2013 with the help of Chief Operating Officer of Agri
Business Incubation Centre of ICRISAT, Mr. S.M.
Karuppanchetty for sensitization of Scientists, Admn.
& Finance persons of IIVR and about 25 rural youth

entrepreneurs. The BPD unit also conducted a
workshop on Organic Farming during this year and
an Entrepreneurship Development Programme on
Vegetable Seed Ventures was also organized wherein
about 30 entrepreneurs from different districts of Bihar
and U.P. participated.

PROJECT 8: Assessment of nisin production
in selected strains of lactic acid bacteria and
market acceptability (AMAAS project)

Sudhir Singh and Major Singh

Quantification of nisin in nutrient broth
supplementd with glucose, tryptone and
combinations of glucose, tryptone and
combination levels of buffering salts of
sodium acetate and tri sodium citrate

MRS is most suitable nutrient broth for the growth
of Lactococcus lactis ssp. lactis. However, the pH drops
to 3.0-3.5 after inoculation of nisin producing culture
of Lactococcus lactis ssp lactis which adversely affects

Group Photo of Seed Ventures Programme

A Programme Session in Progress

DDG (Horticultural Science), ICAR inaugurating BPD
Unit at IIVR

Chief Operating Officer, Agri-Business incubation
programme, ICRISAT, Hyderabad addressing the scientist
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the growth and nisin activity. The effects of different
combinations of buffering sources such as sodium
acetate (0.2-1.5%) and tri-sodium citrate (0.2-1.5%) were
assessed on the growth and nisin activi ty by
inoculating 1% (v/v) of actively growing broth culture
of Nis+ Lactococcus lactis ssp lactis in nutrient broth
containing 2% glucose and 4% tryptone.

The increasing trend in growth (7.32-8.22 log
CFU/ml) and nisin activity (3.2-3.8 log CFU/ml) was

obtained with increasing the combination levels of
sodium acetate (0.2-1.0%) and tri-sodium citrate (0.2-
1.0%). The growth of Nis+ Lactococcus lactis ssp lactis in
the presence of combination levels of sodium acetate
(0.5-1.0%) and tri-sodium citrate (0.5-1.0%) resulted in
the maximum nisin activity (3.8 log CFU/ml). Thus,
the optimal combination level of sodium acetate and
tri-sodium citrate for maximum nisin activity was
obtained  at 0.5% each (Table 3 & Figure 10).

Table 3: Quantification of nisin activity and growth in nutrient broth supplemented with sodium acetate and
tri-sodium citrate

Figure 10: Nisin growth, nisin activity in nutrient broth supplemented with glucose, tryptone along with the combination
levels of buffering sources of sodium acetate and tri-sodium citrate

Component Final 
pH 

Growth 
(logCFU/ 

ml) 

Nisin Activity 
(logAU/ 

ml) 
Nutrient Broth  5.86 3.73 0 
Nutrient + Glucose (2%) 4.83 6.8 2.6 
Nutrient Broth + Glucose (2%)+ Tryptone (4%) 3.87 7.11 3.2 
Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (0.2%) + Tri-sodium 
citrate (0.2%)  

5.14 7.32 3.2 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (0.2%) + Tri-sodium 
citrate (0.5%) 

5.28 7.56 3.5 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (0.5% + Tri-sodium citrate 
(0.2%) 

5.26 7.67 3.5 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (0.5%) + Tri-sodium 
citrate (0.5%) 

5.32 7.89 3.8 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (0.5%) + Tri-sodium 
citrate (1%)

5.38 7.99 3.8 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (1%) + Tri-sodium citrate 
(0.5%) 

5.35 8.11 3.8 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (1%) + Tri-sodium citrate 
(1%) 

5.4 8.22 3.8 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (1.5%) + Tri-sodium 
citrate (1%) 

5.47 7.53 3.5 

Nutrient Broth + Glucose (2%) + Tryptone (4%) + Sodium acetate (1%) + Tri-sodium citrate 
(1.5%) 

5.43 7.37 3.5 
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PROJECT 9: Ensuring livelihood security
through watershed based farming system
modules in disadvantaged districts of
Mirzapur and Sonbhadra in Vindhyan region.
(NAIP Component-3)

Neeraj Singh, B. Singh, A,B. Rai, SNS Chaurasia, Sujoy
Saha and Shubhadeep Roy

Mirzapur and Sonbhadra, two disadvantaged
districts in Uttar Pradesh, are the target area under the
NAIP sub project component-3 during 2008-14. Both
these districts are situated on the far south-east region
of U.P. among the Vindhyan mountain range. The
baseline survey made during 2008-09 in the selected
distr icts clearly indicated the lack of efficient
agricultural technology in the region and economic
gap among the farmers. Therefore, the present project
aimed to minimize this gap by motivating and
empowering farmers for integrated farming system,
which would open the doors for resource conservation
and better  employment generation leading to
sustainable livelihood security.

Keeping in view the nutritional security of the
locality, vegetable seeds of tomato, brinjal, bottle gourd,
pumpkin, cowpea, okra and sponge gourd for kitchen
garden in kharif season were provided to 1500 farm
households. Each kitchen garden packet was for 0.0625
acre which is sufficient for a family of five members.
The impact of kitchen garden in this region showed
not only in availability of green vegetables of 0.53-1.47
kg/day/household but also an additional monthly
income of more than 1500/- per household (Table 4).

Table 4: Kitchen garden for nutritional security in
selected clusters

productivity has been recorded in one of the
demonstrated field of Sariya village in Madhihan block.
The average productivity of pea (Kashi Udai) was
98.4q/ha indicating an average increase in
productivity by 15.76% over the local check.

During the complete project period, 29 high
yielding varieties in different vegetable crops were
introduced in the selected clusters which not only
increased the average productivity of the crops but also
enhanced the average annual income of the
households. This resulted in enhanced net return of
Rs. 10298 to 34703 per hectare from commercial
vegetable growing and the average income of
commercial vegetable growers was recorded as Rs
59,695/- per household/year which is an improvement
of Rs 20,090/- per household/year (16.1%). Under this
project, one training programme on “Commercial
Vegetable Production and Protection” was also
organized at Patti village in Myorepur block of
Sonbhadra during 6-7 March, 2014 in which more than
50 farmers from selected villages participated.

PROJECT 10 :  Mobilizing Mass Media
Support for Sharing Agro-information. (NAIP
Component-1)

Prakash S. Naik and Neeraj Singh

The role of media in agricultural communication,
particularly in technology dissemination is restrained
largely to awareness creation, which is the first step in
the long process of technology transfer. Technology
gap, yield gap, information gap have engulfed Indian
agriculture and it is predestined when extension agent
and farmer ratio is 1: 2000 in the country. Sensitizing
the austerity of the problem, this NAIP sub-project was
initiated with the objective of strengthening
agricultural communication in the country which is
interactive and multi-layered in nature crossing
economic, language and social barriers to build up
inter-institutional communication platform.

Two Scientist-Press Media Meets during 3 rd

September 2013 at BHU and 28th September 2013 at
IIVR were organised in which 55 media person
participated along with 12 journalist’s visit to the

Clusters No. of 
Beneficia-

ries House-
holds 

Average 
area of 
Kitchen 
garden 
(acre)

Green 
Vegetables 
availability  

kg/day/ 
household

Monthly 
income from 

kitchen 
garden per 
households 

(Rs.) 
Padari 
Block. 
Mirzapur 

650 0.09 1.22 1717.50 

Madhihan 
Block, 
Mirzapur 

650 0.11 1.47 2359.00 

Myorepur 
Block, 
Sonbhadra 

200 0.04 0.53 961.50 

 
During 2013-14, a  total of 31 frontline

demonstrations of pea cv. Kashi Udai were given to
the farmers’ field in an area of 26.12 acre in Madhihan
and Padari blocks of Mirzapur district. As compared
to the farmers’ practicing cultivars (purchased from
private dealers), the maximum of 31.16% gain in

Frontline Demonstration of Pea (Kashi Udai)
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institute. During 2013-14, a total of 40 news items/
stories were published in print media in English/
Hindi. Media acts as a two way channel of
communication – from technology developers to the
end users and its feedback or response of the end users
to the technology developers which helped in the
refinement of the technology. Further, “Seeing is
Bel ieving (live demonst rations and display)”
encouraged thousands of farmers and other
stakeholders visiting the institute time to time and
during Vegetable Show-Casing organized at IIVR on
1st February 2014 in adopting improved vegetable
technologies developed by this institute. Considering
mass media as an effective tool for creating awareness
and disseminating agriculture technology, this year
institute had developed 03 video (Pea seed production,
Safe Vegetables and our health and Success stories of
vegetable technologies developed by IIVR) and 03
audio capsules (Tomato processing at rural level,
Bhojpuri song on farming and Nutritional security
through drumstick) which were played/distributed
during different events at different places.

PROJECT 11 : Tribal Sub-Plan (TSP) for
Schedule Tribes of Sonbhadra district in Uttar
Pradesh (National Assignment by ICAR,
New Delhi under 12th Plan 2012-17)

Prakash S. Naik, Neeraj Singh and Shubhdeep Roy

The strategy of TSP is in force by Government of

India since 1979-80 to ensure proportionate flow of
plan resources for the development of scheduled tribes.
IIVR, initiated this project during 12th Plan to ensure
strengthening of financial and social status of tribals
of Sonbhadra district of Uttar Pradesh. During 2013-
14, a survey was conducted with the help of KVK
officials, state department and NGOs and keeping in
mind the density of tribal population, Chopan block of
Sonbhadra distr ict,  which had highest  tribal
population (135261) was selected as the target area of
the project interventions. Further, four target villages
i.e. Sarpatwa, Dahaku Dandi, Basudha and Piprahwa
were selected and 100% tribal population were the
beneficiaries of this project. An exhaustive survey of
the selected tribal community is in progress to assess
both felt and unfelt need of those communities. During
this year, two awareness cum training programmes
were organized at Gram Nirman Kendra in Dahaku
Dandi village on 19 th August, 2013 and at Banwasi
Sewa Ashram, Govindpur during 30-31 August, 2013
in which more than 300 tribals participated.

Considering the importance of nutritional garden
in tribal region, 1500 planting materials of fruit plants
and 2200 kitchen garden packets of vegetable seeds
(tomato, brinjal, sponge gourd, okra, cowpea and bottle
gourd) were provided to 1000 tribal households in
selected villages during kharif season after awareness
cum training programme. This resulted in building
confidence among tribals towards this institute and
more number of tribals started sharing their experiences
during the visit to monitor the demonstrations. During
rabi season, massive demonstration of vegetable pea
cv. Kashi Nandani, Kashi Udai and Kashi Mukti were
conducted at 740 farmers field in an area of 10.45
hectare. The average productivity of pea obtained at
tribals’ field was 76.1 q/ha. Apart from pea, seeds of
spinach (All Green), carrot (Agra Selection 1) and
radish (Kashi Shweta) were given to 910 households
for kitchen garden.

Scientist press media meet

Awareness programme and distribution of seeds and planting materials under TSP in Chopan block of Sonbhadra district
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S. No Treatments Germination 
%* 

Plant height after 45 days 
of germination 

 (cm) 

Leaf spot 
PDI* 
(%) 

Yield 
(Q/ha) 

1.  BS 2+ FYM 84.37 
(67.41) 

72.86 26.40 
(30.91) 

207.76 

2.  Only FYM 71.87 
 (57.99) 

50.26  38.40 
(38.26) 

139.98 

3.  BS 2+ Talc 76.04 
(60.82) 

71.43 30.33 
(33.41) 

186.10 

4.  Only Talc 82.29 
(65.13) 

42.96 38.06 
(38.09) 

138.18 

5.  BS 2+ Perlite 86.45 
(69.22) 

71.40 24.20 
(33.32) 

201.50 

6.  Only Perlite 81.25 
(64.54) 

56.83 38.53 
(38.37) 

159.71 

7.  Carbendazim+chlor
othalonil 

77.08 
(62.08) 

63.83 22.53 
(34.76) 

175.68 

8.  Control 71.87 
(58.61) 

43.46 43.66 
(41.35) 

145.12 

 SEM 3.53388 4.97 3.908405 3.395 
 CD (5%) 10.5946 7.90 9.723 10.17 
 CV 22.07958 25.15 30.56 19.932 

 

PROJECT 12 :  Isolation, identification,
evaluation and exploitation of
microorganisms for management of important
plant pathogens and having PGPR potential
for vegetable crops

M. Loganathan, S. Saha and A. B. Rai

Efficacy of Bacillus subtilis  BS2 against fungal
diseases of cowpea under field conditions: Bacillus
subtilis  BS2 in different carriers (FYM, Perlite and Talc)
was tested against collar rot (Sclerotium rolfsii) and leaf
spot (Colletotrichum lindemuthianum ) in  cowpea (cv.
Kashi  Kanchan) under field conditions .
Bioformulations were applied seed treatment (@10 g/
kg of seeds), soil application (@2.5 kg mixed with FYM)
and foliar spray (@1.0%) twice at 15 d intervals (Table
5). Among the different BS2 formulations tested,
however,  BS2 in FYM showed reduction of

Colletotrichum leaf spot (>30%) and enhancement of
cowpea yield (>40%) (Table 1) and however, there was
no significant differences in incidence of collar rot
(Sclerotium rolfsii)

Efficacy of Bacillus subtilis  BS2 against nursery
disease of tomato:  BS2 FYM formulation was evaluated
with potential isolates collected from different parts of
country against nursery disease (damping off, Pythium
aphanidermatum/Rhizoctonia solani) of tomato (cv.
DVRT1). Bioformulations were applied as seed
treatment (@10 g/kg of seeds), soil application in the
protray (@10g/kg of soil). BS2 recorded significant
reduction of damping off incidence (>35%) and the
effect was on par with most of other isolates collected
from different parts of the country (Table 6; Fig 10).
Efficacy of the bioformulations on yield under field
condition is in progress (Figure 11 & 12).

*Values were arc sine transformed before the analysis

Table 5: Effect of different carrier formulations of BS 2 against leaf spot disease (Colletotrichum lindemuthianum)
of cowpea under field conditions

Various activities under TSP in Chopan block of Sonbhadra district
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S. No. Treatments Germination 
(%) 

Seedling height at 
transplanting time 

(cm) 

Root length at  
transplanting time  

(cm) 

Damping off 
(%) 

1.  Bacillus subtilis 
BS 2+FYM 

88.0 
(69.79) 

9.15 3.70 21.0 
(27.26) 

2.  Trichoderma harzianum 39-1 84.0 
(66.58) 

7.93 2.98 16.3 
(23.79) 

3.  Trichoderma-43-1 80.0 
(63.44) 

8.70 3.37 17.0 
(24.41) 

4.  T. harzianum 83.0 
(65.88) 

8.03 2.65 16.0 
(23.56) 

5.  P. flourescens 
 

86.0 
(68.23) 

9.33 4.37 21.0 
(27.38) 

6.  Seed Pro 77.5 
(61.72) 

8.70 3.65 19.0 
(25.83) 

7.  Carbendazim+ Mancozeb 76.0 
(60.74) 

8.75 3.15 21.0 
(27.27) 

8.  Pencycuron 68.0 
(55.56) 

7.48 2.85 30.0 
(33.20) 

9.  Fosetyl Al 81.0 
(64.22) 

8.45 2.70 6.0 
(14.11) 

10.  Fenamidone+ Mancozeb 83.0 
(65.73) 

8.50 2.25 12.0 
(20.24) 

11.  Untreated control 58.0 
(49.74) 

6.70 2.67 32.0 
(34.44) 

 CD (0.05) 4.45 1.78 1.68 4.09 
 CV 10.43 6.36 5.82 12.06 

 *Values were arc sine transformed before the analysis

Table 6 : Effect of different bioagents on damping off (Pythium aphanidermatum and Rhizoctonia solani) of
tomato under protray nursery conditions

Figure11: Efficacy of BS2 formulation against damping of diseases of tomato under protra nursery conditions

Figure 12: Efficacy of BS2 formulation against soil borne diseases of tomato under field conditions
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PROJECT 13 :  Outreach programme on
Fusarium wilt of tomato and chilli

M. Loganathan, V. Venkataravanappa and S. Saha

Study on pathogenic variation in Fusarium isolates
through amplification and sequencing of endo
polygalacturonase gene: A total of 17 isolates of FOL
were amplified with endo polygalacturonase gene to
study the pathogenic variation.  Out of 17 isolates of
FOL, 13 isolates showed positive with pgl (endo
polygalacturonase gene) primer and yielded 1.5 kb
amplicons. The amplified endo polygalacturonase gene
fragments ( ~1.5kb) from different isolates were purified
and sent for sequencing

Multiplex PCR for identification of races in FOL
isolates: For identification of race 1 in FOL isolates,
universal primer (PGLUNI) and   SP 13 were
multiplexed in DNA isolated from different FOL
isolates, 6 out of 17 isolates of FOL showed positive

reaction indicated that these isolates were belonging
to race I.

Management of Fusarium wilt of chilli and tomato:
Talc based formulation Trichoderma bio-control agents
(Phyto 1-15 applied as seed treatment @10g/ kg and
soil application @ 2.5 kg mixed with 50 kg FYM/ha)
and botanical extracts (root dipping of 10% Datura or
Garlic) were able to reduce the wilt incidence of tomato
(DVRT1) at significant level under field conditions.
Among 15 Trichoderma biocontrol agents (Phyto 1-15)
tested  against wilt of chilli under field conditions,
Phyto 4 and Phyto 9 showed significantly less
incidence of wilt however, all the biocontrol agents
recorded significantly high yield than the control (Fig.
12 ). Though all the isolates showed significant
reduction of wilt incidence in tomato, Phyto  13, Phyto
3, Phyto 1 and Phyto 12 recorded superiority in
reducing the incidence as well as enhancing the yield
of the crop (Figure 13 and 14).

Figure 14: Efficacy of biocontrol agents, botanicals and chemicals on Fusarium wilt of tomato under field conditions

Figure 13: Efficacy of biocontrol agents, botanicals and chemicals on Fusarium wilt of chilli under field conditions
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PROJECT 14 :  Outreach programme on
Alternaria leaf spot disease of tomato

M. Loganathan, V. Venkataravanappa and A.B. Rai

Development of species specific  primer for
identification of Alternaria spp.: To know the
polymorphism between A. solani and A. alternata, total
10 ISSR primers were screened against 9 isolates each
of A. alternata and A.  solani. Among them, ISSR-4
showed significant polymorphism between them. The
polymorphic band of size of 1kb in A. alternata was
eluted from agarose gel, purified, cloned in pTZ vector

and transformed into DH5-  competent cell. The

selected clones were confirmed through restriction
digestion and sent for sequencing. The deduced
nucleotide sequences will be used to designing of the
SCAR marker (sequence characterized amplified
regions) for the detection of Alternaria species in
diseased plant as well as other source of inoculums

Efficacy of IDM components against Alternaria leaf
spot disease: Identified resistance sources viz., Solanum
arcanum (LA-2150), S.  chmielewskii (LA-2663), and two
S. neorickii  (LA-1326 and LA-2325)  against early blight
of tomato. Application of selected IDM components
such as talc based bioformulations (Bacillus subtilis NF4
or Pseudomonas fluorescens KL9 or Trichoderma PL8,
applied as seed treatment 10g/kg of seeds and 1.0%
foliar spray thrice), botanicals (1.0% Datura or Garlic
extracts three sprays) and chemicals (1.0% Fenamidone
+ Mancozeb three sprays) against early blight disease
of tomato (cv. DVRT2) under field conditions showed
significantly less early blight incidence and high yield
(Figure). Biocontrol agents viz., NF4, KL9 and PL8
recorded significant reduction Alternaria infection
(>50%) and enhancement of yield (>20% ) in tomato
(Figure 15).

PROJECT 15 :  NICRA Project on Real Time
Pest Dynamics (RTPD) in Tomato

M. H. Kodanadaram,  Sujoy Saha and  A. B. Rai

Real time pest dynamics was carried out in
tomato crop at nursery and fields of IIVR main centre
and ten fixed farmers fields covering two districts viz.,
Varanasi and Mirzapur.  Data on insect pest and
disease incidence was recorded for 21 weeks (from 37
to 5th standard weeks) and 20 weeks (44 to 11 th

standard weeks) for kharif and rabi seasons, respectively
under both protected and unprotected conditions at
IIVR main center. 19 numbers of weeks (from 45 th to
11th standard weeks) of pest observations was recorded
at fixed farmers field. Daily weather parameters were
also recorded for entire cropping season. All the khraif
season data collected were uploaded in the NICRA
client software maintained by NCIPM, New Delhi.

During kharif season, damping off of tomato
seedling was the major disease at nursery stage and
the incidence was around 7.3 percent. The bacterial
spot incidence was around 2.8 percent and 4.08 percent
infestation in the protected and unprotected fields,
respectively. Early blight incidence was moderate with
14.51 percent in the protected field but in the
unprotected field its incidence increased to 22.58
percent.The viral diseases viz., leaf curl and mosaic
exhibited a low incidence this year in both under
protected and unprotected fields. Among insects,
aphid, whitefly and Spodoptera litura were the major
pests observed with average number of 1.81, 1.38 and
1.40 per spot, respectively in the unprotected field.

During rabi season, at nursery stage, damping off
was higher than the kharif season with 8.5 percent
infestation. Bacterial spot was observed both in the
nursery and main field condition but the incidence
was higher in the nursery stage with 11.6 percent. Early
blight the incidence in protected and unprotected fields
where 3.67 percent and 5.37 percent, respectively
(Figure 10). In case of late blight during cropping season
its overall average incidence was 4.52 percent and 6.2
percent in protected and unprotected fields, respectively
(Figure 17). However, with unusual rainfall during 2,
7, 8 and 9 SMW the late blight incidence was higher in
an ascending note with maximum of 35 % and 45 %
incidence in protected and unprotected fields,
respectively. The infestation of aphids (3.34/spot),
whitefly (1.97/spot) and Spodoptera litura(2.09/spot)
was relatively high as compared to kharif season,
indicating Rabi season tomato as most favorable for
their population build up due to low temperatures
during the season.

Figure 15: Effect of different biocontrol agents, botanicals
and chemicals on early blight incidence of tomatox
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At fixed farmers fields both early and late blight
were observed. Early blight ranged from 9.0 to 14.0%
while late blight ranged from 10.37 to 16.58%  with
highest incidence in Nakkupur village (16.58%)
followed by Araziline (16.21%) and Churavanpur
(14.68%) during entire cropping season. With unusual
rainfall during January (2 SMW) and February (7, 8
and 9 SMW) the late blight incidence was higher in an
ascending note with average of more than 70%
incidence in all the fixed fields. The fruit rot which is
prominent after late blight incidence ranged from 5 to
8 %. However, in the Marhach village slightly higher
incidence of fruit rot (> 12 %) was observed as the two
diseases were occurring simultaneously during first

week of February. The crop condition deteriorated very
fast in Nakkupur, Araziline and Churavanpur. This
year, the viral disease was very low and mild mosaic
and leaf curl incidence was observed. The major insects
pests recorded were whitefly, aphids, leaf miner and
Spodoptera litura, but there was no much correlation
with the weather data on their incidence during the
cropping period. However, after rainfall during
February, their population started declining. The
incidence of parasitic angiosperm Orabanche spp was
high in Ishwerpatti village (31 %), which was found in
Gangetic area (Figure 18). This parasitic weed is
becoming major problem for tomato growers in
Gangetic areas only during rabi season.

Orobanche sp.
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PROJECT 16 : Establishment of association
of begomovirus species with yellow vein
mosaic disease (YVMD) in wild and
cultivated species of okra and Identification
of source of resistance to the most
predominant virus
V. Venkataravanappa and  S.K. Sanwal

Survey for collection of wild germplasms
of okra

Survey was conducted during 2013 for collection
of wild germplasms of okra in Rajasthan (Kota, Bundi,
Chittorgarh and Udaipur), Uttar Pradesh (Varanasi,
Mirzapur and Sonabhadra) and Odisha (Bhubaneswar
and Puri) states of India. Total 50 wild germplasms of
okra belonging to A. tetraphyllus, A. tuberculatus, A.
Monihot, A. knaf and other unidentified okra wild
species were collected from three states (Figure 18 ).

Survey for collection of yellow vein mosaic
disease in cultivated species of okra

Roving survey was conducted during August to
November, 2013 for collection of yellow vein mosaic
and enation leaf curl disease infected samples of okra
in Rajasthan, Uttar Pradesh, Punjab and Haryana.
Total 90 okra samples showing diverse symptoms were

collected and total DNA was isolated by using
modified CTAB method. The extracted DNA were
stored at -20 0 C and diluted to the required
concentration with sterile deionised water before being
subjected to PCR amplification.

PCR based detection of YVMD in okra
Total genomic DNA of 90 samples of okra

showing diverse symptoms (wild and cultivated) was
isolated and confirmed begomovirus infection by PCR
using coat protein gene specific primers. In all the
samples the expected PCR amplicon of 770bp size was
amplified, which corresponds to coat protein gene of
the begomovirus.

Natural screening of wild and cultivated
species of okra against YVMD

Total 304 okra genotypes (wild and cultivated)
were screened under natural epiphytotic conditions
against yellow vein mosaic disease of okra. The
experiment was laid out in four rows of each genotype
with three replications at 60cm row to row and 20cm
plant to plant distance and two rows of susceptible
check (cv. Pusa sawani) were sown to provide adequate
virus source to the vector. All the recommended cultural
practices were followed to raise the crop in good
condition and no plant protection measures were
followed. Data on disease scoring was collected on
individual plant basis at the end of the cropping
season based on the 0-5 scale. None of the cultivated
species were free from yellow vein mosaic and only
seven wild species (A. enbeepeegeerense (IC-582757),
A. moschatus (NIC5952), A. manihot (Jpn/N-2176) A.
tuberculatus (IC-90340), IIVR-Tub-1 (A. tuberculatus), A.
Canaf (SBT- 12557), A. angulosus (IC-203833, IC-470751)
were free from the virus infection (Figure 20).

Figure 19: Okra wild species collected from different place
of India

Figure 20: Wild species of okra screened under natural
 conditions
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PROJECT 17 : Central Sector Scheme for
Protection of Plant Varieties and Farmers’
Right Authority (DUS Testing of Vegetable
Crops)

B. Singh and T. Chaubey

Under this project different varieties of tomato,
brinjal, okra, vegetable pea, french bean, cauliflower
and cabbage were collected from different ICAR
Institutes and State Agricultural Universities (SAUs)
for maintenance as reference varieties. During 2013-14
all the varieties of these crops were sown in randomized
block design (RBD) with three replications and
maintained. The details of varieties of these crops and
their important descriptor of morphological traits are
presented in Table 7.

Table 7: Details of reference collections of deferent
vegetables used in DUS testing

PROJECT 18 : Validation of DUS Testing
guidelines for cucurbits (Bottle gourd,
Pumpkin, Bitter gourd, Cucumber and Pointed
gourd)

B. Singh, Sudhakar Pandey and T. Chaubey

A total of 19 pumpkin, 32 bottle gourd, 27 bitter
gourd, 21cucumber and 20 pointed gourd varieties/
genotypes were collected from different ICAR Institutes
and State Agricultural Universities (SAUs) for
validation of DUS test guidelines. All the varieties of
these crops were shown in randomized block design
(RBD) with three replications and maintained during
2013-14. The important descriptor of morphological
and essential traits as well as grouping characters of
bottle gourd, pumpkin, bitter gourd, cucumber and
pointed gourd is presented in Table 9.

Table 9: Details of reference varieties of deferent
cucurbitaceous crop

S. 
No. 

Crops  2013-2014 
No. of 

varieties 
No. of 

morpho-
logical traits 

1 Tomato (Solanum 
lycopersicum L.) 

81 46 

2 Brinjal (Solanum melongena 
L.) 

89 47 

3 Okra (Abelmoschus 
esculentus L. Moench) 

38 31 

4 Vegetable pea (Pisum 
sativum L.) 

42 21 

5 French bean (Phaseolus 
vulgaris L.) 

25 22 

6 Cauliflower (Brassica 
oleracea var. botrytis) 

12 28

7 Cabbage  (Brassica oleracea 
var. capitata) 

6 28 

 
DUS Testing of 68 brinjal, 45 tomato, 9 cauliflower,

19 okra and 6 cabbage entries were tested along with
reference varieties  as given in Table 7.

Table 8 : DUS  Testing of Vegetable Crops (2013-
2014)

Crops New  Varieties VCK Total 
1st 

year 
2nd 

year 
Okra  11 4 4 19 
Brinjal  34 4 30 68 
Cauliflower  1 8 - 9 
Cabbage  - 6 - 6 
Tomato  12 24 9 45 
Total 57 46 43 146 
 

VCK= Variety of common knowledge

S. 
No. 

Crops  2013-2014 Essen-
tial 

Chara-
cters 

 

Grou-
ping 

charac-
ters 

 

No. of 
varieties 

No. of 
morpho-
logical 
traits 

1 Bottle gourd 
(Lagenaria sinceraria)  

32 33 7 5 

2 Pumpkin (Cucurbita 
moschata)  

19 32 4 5 

3 Bitter gourd 
(Momordica charantia)  

27 33 9 6 

4 Cucumber (Cucumis 
sativus)  

22 33 9 5 

5 Pointed gourd 
(Trichosanthus dioica)  

20 25 10 5 

 Training cum Awareness Programme on PPV&FR
Act: Training programme on Protection of Plant
Varieties and Farmers’ Rights (PPV&FR) Act for
farmers, NGOs, researchers and students was jointly
organised by Indian Institute of Vegetable Research,
Varanasi in collaboration with Protection of Plant
Varieties and Farmers Rights Authority (PPV&FRA),
New Delhi. The training was organized for creating
awareness among the farmers/scientists/students/
NGOs on 6th February, 2014 at KVK, PG College
Ghazipur (UP), 14th March, 2014 at IIVR, Varanasi and
30th March, 2014 at Surbhi Sodh Sansthan Dagmagpur,
Mirzapur and a total of 151, 154 and 121 trainees were
participated, respectively.  During the training cum
awareness programme participants were participated
from different parts of Purvanchal, (UP).  The lectures
on PPV&FR Act, its genesis, importance in the Indian
context and farmer’s rights under PPV&FRA were
delivered. A technical bulletin entitled   “Sabji Kismo Ki
utkrisht Guno ki Vivechana: DUS Parikshan” was
published on this occasion.
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Achievements of All India Coordinated Research Project on
Vegetable Crops during the year 2013-14

During the year 2013-14, 1505 trials were conducted at 29 regular centres and 28 voluntary centres of AICRP
on Vegetable Crops (Table 1)

Table 1 : Details of the trials conducted during 2013-14 through AICRP (VC)

The following recommendations under Crop improvement, Crop production and Crop protection were
made during 31st Group Meeting and Mid-Term Review Meeting of AICRP (VC) held at CSK, HPKV, Palampur
(H.P.) from  2-5 May,2013  and NASC Complex, Pusa, New Delhi from 17-18 Dec., 2013, respectively.

Crop Improvement

Table 2 : Varieties identified for release and notification

Crops Name of entry Source Zone –wise recommendation 

Coded name Original name 

Tomato 
(Determinate) 

09/TODVAR-1 VRT-0801 IIVR, Varanasi IV (Punjab, U.P., Bihar and 
Jharkhand) 

Capsicum 09/CAPVAR-4 DARL-70 DIBER, 
Pithoragadh 

I (J&K,H.P. and Uttarakhand) 

Bitter gourd 09/BIGVAR-4 Sel-1 IARI, New 
Delhi 

VI (Rajasthan, Gujarat, Haryana 
and Delhi) 

Brinjal 
(Round) 

10/BRRVAR-1 HABR-21 ICAR-RCER, 
Ranchi 

IV (Punjab, U.P., Bihar and 
Jharkhand) 

Bottle gourd 10/BOGVAR-01 NDBG- 10 NDUA&T, 
Faizabad 

IV (Punjab, U.P., Bihar and 
Jharkhand) 

Pea (Early) 10/PEVAR-5 GP- 17 IARI, New 
Delhi

I (J&K,H.P. and Uttarakhand) 

Pea (Early) 10/PEVAR-7 VRPE- 25 IIVR, Varanasi IV (Punjab, U.P., Bihar and 
Jharkhand) 

 

Trials No. of Trials No. of trials conducted by 
the centre 

Crop Improvement Plant Genetic Resources   26 76 

Varietal trials  40 622 

Hybrid trials  29 373 

Resistant varietal trials  8 128 

Crop Production  Vegetable production trials 24 96 

Seed production trials 20 59 

Physiology & biochemistry trials 7 17 

Crop Protection Integrated pest management 15 65 

Integrated Disease management 10 69 

Total   1505 
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Vegetable Production

Integrated Plant Nutrient Management
1. The application of NPKrec.(120:60:80 kg/ha) +

soil incorporation of Sulfur @ 25 kg/ha at the
time of final field preparation in non-staked
tomato cv. Utkal Kumari gave that the maximum
fruit yield along with highest B:C ratio has been
recommended for non-stake tomato under
Bhubaneswar conditions of Zone-V.

2. For realization of  maximum fruits yield and
benefit cost ratio, soil application of  NPKrec.(120,
60, 80 kg/ha) + FYM 10 t/ha + Sulfur @ 25 kg/ha
+ Azotobactor @ 5kg/ha) at the time of final field
preparation + 3 sprays of micronutrients mixture
(Zn +B +Fe +Cu +Mn, each 100 ppm + Mo 50
ppm) at 30, 45 and 60 DAT for non-stake tomato
has been recommended for Kalyanpur  and
Sabour conditions of Zone- IV.

3. The soil application of NPK rec.(120:60:60 kg/
ha) + Vermicompost 2 t/ha + biofertilizer
(Azotobactor, Azospirillum and PSB each @ 5 kg
per ha and VAM @ 15 kg/ha) at the time of final
field preparation to get maximum root yield and
profit has been recommended for carrot
cultivation in Srinagar condition of Zone-I.

4. The soil application of vermicompost @ 2.5 t/ha
+ half NPK rec.(60:30:30 kg/ha) has been
recommended for growing bottle gourd for

realization of high yield and profit under Sabour
condition of Zone-IV.

5. The application of poultry manure @ 2.5 t/ha +
half NPK rec.(60:40:30 kg/ha) at final field
preparation  for  maximum broccoli head
production and net return has been recommended
under Jabalpur conditions of Zone-VII.

Foliar/basal feeding of micronutrient
6. Foliar sprays of commercial micronutrient

formulation @ 100 ppm at three times of 10 days
intervals after 30 days of transplanting in tomato
(non-stake) has been recommend for high yield
and return under Sabour condition of Zone-IV.

7. Three foliar sprays of Boric acid @ 100 ppm at 10
days intervals after 30 days of sowing in bitter
gourd of non-stake conditions have been
recommended for bitter gourd production under
Dharwad condition of Zone-VII.

8. Application of  3 foliar sprays of two micronutrient
mixture together i.e. Boric Acid + Ferrous Sulphate
@ 100 ppm each 30 days after transplanting over
and above to the recommended dose of NPK
(120:60:60 kg/ha) has been  recommended for
Broccoli production under Varanasi condition of
Zone-IV.

9. Three foliar sprays of Mo @ 50 ppm at 10 days
interval after 30 days of sowing + soil application
of sulfur @ 25 kg/ha as basal at final field

Table 3 : Hybrids identified for release and notification

Crop Name of entry Source  Zone –wise recommendation  

Coded name Original name 

Chilli 09/CHIHYB-11 VNR Vidya VNR Seeds IV (Punjab, U.P., Bihar and 
Jharkhand) 

Tomato 09/TODHYB-04 Bhagya Nuziveedu VI (Rajasthan, Gujarat, Haryana 
and Delhi) 

Bottle gourd 09/BOGHYB-04 Anurag Nuziveedu IV (Punjab, U.P., Bihar and 
Jharkhand) 

Ash gourd 10/ASGHYB-04 DAGH-16 IARI, New Delhi VI (Rajasthan, Gujarat, Haryana 
and Delhi)  & VIII (Karnataka, 
Tamil Nadu, Kerala and 
Pondicherry) 

Ash gourd 10/ASGHYB-03 DAGH-14 IARI, New Delhi IV (Punjab, U.P., Bihar and 
Jharkhand) 

Capsicum 10/CAPHYB-06 PRCH-101 Ranichauri I (J&K,H.P. and Uttarakhand) 

Cabbage 10/CABHYB-02 KTCBH-81 IARI, RS, Katrain I (J&K,H.P. and Uttarakhand) 

Cucumber 10/CUCUHYV-01 Rajni-Cu-05 Syngenta I (J&K,H.P. and Uttarakhand) 
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preparation and Agriculture lime @ 1t/ha  has
been recommended for realizing maximum yield
in cowpea under Varanasi condition of Zone-IV.

Organic farming
10.  The soil application of FYM @ 20 t/ha+ VAM +

Pseudomonas + Trichoderma + Azotobector (each
@ 5 kg/ha)  has been recommended for organic
production of tomato and okra to realize
maximum yield under Hisar condition of Zone-
VI.

11. The soil application of  FYM @ 20 t/ha + PSB +
Azospirillum  (each @ 5 kg/ha) has been
recommended for highest herb yield and profit in
amaranthus  under Coimbatore and Karaikal
condition of Zone-VIII.

12. The application of Vermi compost @ 7.5 t/ha
(basal) + PSB + Azospirillum (soil application
each @ 15 kg/ha) at the time of final field
preparation has been recommended for spinach
beet production under Varanasi condition of
Zone-IV.

13.  The soil application of FYM @ 20 t/ha + Neem
cake 2 t/ha in combination of  PSB + Azospirillum
(each @ 5 kg/ha) has been recommended for
realizing  highest  biomass yield of spinach beet
and profit under Hyderabad condition of Zone-
V.

Use of Vermi-wash
14. The application of NPKrec. (150:80:100 kg/ha as

basal) + vermiwash (5 sprays at 10 days interval
30 days after sowing) in okra for realization of
maximum yield and profit has been recommended
for Hyderabad, Hisar and Dharwad conditions
of Zone-V, Zone-VI and Zone-VIII  , respectively.

15. For realization  maximum yield and profit, the
application of Vermicompost @ 5t/ha (applied
at the time of field preparation) + Vermiwash (5
sprays at 10 days interval 30 days after sowing)
in okra has been recommended for Varanasi and
Karaikal conditions of Zone-IV and Zone-VIII,
respectevely.

Precision farming
16. The  treatment combination comprised of raised

bed planting + drip irrigation + black plastic

K) + 5 foliar spray of WSF (19:19:19 @10g/lit.) + 3
sprays mixture of commercial formulation of

micronutrients + seedling raised in pro-tray
(tomato only) has been recommended for
realization of maximum yield in tomato and okra
under Ludhiana  and Coimbatore conditions of
Zone-IV  and Zone- VIII, respectively.

Low tunnel production of cucurbits
17. The use of NPK @ 140:40:40 kg/ha and FYM 20

t/ha and plant spacing of 70 x 50 cm under non-
staking conditions with the sowing date of 30th
December for growing bottle gourd and 15th
December for bitter gourd has been recommended
for cultivation under low tunnel at Durgapura
condition of Zone-VI whereas the 15th December
sowing date is recommended for growing bottle
gourd in low tunnel under Ludhiana condition
in Zone-IV.

Seed Production
1. At IIHR, the use of combination of vermi compost,

cow dung and red soil powder in the ratio of 3:2:1
by volume along with 5% Calcium peroxide and
5% ZnSO4 and 1% Boric acid as filler material
and combination of Methyl cellulose (1.5%) and
Polyvinyl alcohol (3.0%) as adhesive may be used
for obtaining bold, firm, oval to round and smooth
pellets of carrot seed.

2. The use of Azospirillum @ 5.0 kg/ha as root/
steckling dip + recommended dose of NPK @ 150:
60: 54kg /ha at the time of   field preparation has
been recommended for  obtaining higher seed
yield with better quality seed  of radish  under
mid hill conditions of Solan, HP.

3. The use of   Spinosad 45 SC @ 2ppm (4.4 mg / kg
seed) has been recommended    for the control of
Callosobruchus chinensis  in garden pea and
Callosobruchus maculatus in French bean with
improved seed germination under mid hill
conditions of Solan, HP.

4. The application of poultry manure @ 3.5 t/ha +
vermi-compost @ 3t/ha at the time of field
preparation has been recommended for higher
seed yield and other  seed characters in
indeterminate tomato under mid-hill conditions
of Solan, HP.

5. The use of  Disodium hydrogen phosphate @ 10 -
3 M for 24 hours for priming of cucumber seed has
been recommended for  higher seed yield  with
more  germination percentage, seedling length,
seedling dry weight, seed vigour index – I and II
under mid-hill  conditions of Solan, HP.
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6. At Srinagar, it is recommended that by applying
Azospirllum @ 5kg/ha+ recommended dose of N:
P: K @ 120:60:60kg/ha, maximum seed yield (6.70
q/ha) can be obtained in knol - khol variety White
Vienna.

7. The application of Azospirillum @5 kg/ha
alongwith the recommended dose of NPK
(100:60:50 kg/ha) has been found effective for
obtaining highest seed yield in brinjal cultivar
Jawhar at Jabalpur and recommended for
Jabalpur condition of M.P.

Plant Protection

Integrated Pest Management
1. In brinjal, three to four  foliar application of

Spinosad 45 SC @ 0.5 ml/L at fortnightly interval
starting from 45 DAT was most effective and
reduced  BSFB damage to 16.14 %  and recorded
highest marketable yield of 243.36 q/ha at
Ludhiana.

2. In brinjal, five sprays of Deltamethrin1 EC+
Triazophos 35 EC 2 ml/L at fortnightly interval
reduced the BSFB damage  to 10% and  recorded
highest yield (345 q/ha)  with C: B ratio of 1: 30.21
at Rahuri.

3. In brinjal, application of Rynaxpyr 18.5 @ 0.3 ml/
L  recorded lowest BSFB damage (17.92 %) which
was on par with Spinosad 45 SC at 0.5 ml/L (20.44
%) and Flubendamide 39.35 SC (21.47 %). Highest
yield was recorded in Rynaxpyr treatment (231.96
q/ha) at Hyderabad.

4. In okra, , the integrated module comprising of seed
treatment with Thiamethoxam 70 WS @ 3-5 g/kg
and first spray of Azadirachtin  @ 3 ml/l at 40
DAT subsequent application of  Spinosad 45 SC
@ 0.3 ml/l and Bt @ 1.0 g/l at 10 days interval
recorded 13.47% incidence of fruit borer and
jassids(13.47 jassids/leaf) with a highest  yield
of 70.37 q/ha at Varanasi.

5. In tomato, seed treatment with Thiamethoxam 70
WS @ 3 g/kg seed or Thiamethoxam 35 FS @ 10
ml/kg seed with four alternate sprays of NSKE
4% or Neem soap @ 10 g/l and Triazophos 40 EC
at 10, 20, 30 and 45 days after transplanting was
found effective against whitefly and leaf miner
(0.96 larvae/ leaf). Similar results were obtained
at Solan, where white fly population was reduced
from 0.31 flies/leaf to 0.22 flies / leaf with yield
of  410 q/ha at Ludhiana.

6. In Chilli, alternate sprays of Acephate 75 % WG
@ 1g/L and Dicofol 18.5 EC @ 2ml/L and Neem
oil at 0.1 %  reduced  the thrips( 2.74/ leaf)  and
mites (14.73 / leaf) population and recorded with
highest yield (157.82 q/ha) at Rahuri.

7. In chilli, three sprays of Azadirachtin 10,000 ppm
@ 5 ml/l at initiation of flowering and subsequent
sprays at 15 days interval reduced midge damage
by 33% and 20%,in flowers and fruits respectively.
The next best treatments were Thiacloprid 21.7
SL @ 0.6 ml/L, Chlorantraniliprole 18.5 SC @ 0.3
ml/L in comparison to control at Hyderabad.

8. In Capsicum, alternate sprays of Acephate 75 SP
@ 1 g/l and Imidacloprid 17.8 SL @ 0.5 ml/l at 10
days interval found effective for the control of
aphids (0.18-0.22/leaf)   and thrips (0.14-0.22) as
against cont rol 1 .09/leaf and 1.41/ leaf,
respectively at Ludhiana.

9. In bitter gourd, installation of cuelure baited traps
@ 10 traps/acre and application of bait spray
(jaggery solution (100 g jiggery + 900 ml water)
+Malathion @ 2 ml/l at 250 spots/ ha] at 15 days
interval from flowering in bitter gourd crop could
reduce the fruit fly damage to 18-20 % as
compared to control which recorded 47.7 %
damage during kharif at Ludhiana and Solan.

10.  In bitter gourd, IPM module consisting of bait
spray (Jaggery 10 % + malathion 2 ml/L) coupled
with installation of cuelure traps suppressed fruit
fly damage in bower system (16 %), Kniffin (21.65
%) and ground trailing (30.12 %) as compared to
untreated plots with 22.44 %, 33.06 % and 44.2 %
fruit fly damage, respectively at Rahuri.

11.  In cowpea, two sprays of Flubendamide 480 SC
@ 0.3 ml/l or Indoxacarb 14.5 SC @ 0.5 ml/l or
Emamectin benzoate 5 SG @ 0.5 g/l at 50%
flowering and pod setting stage recorded lowest
pod borer damage 9.45 %, 11.03 % and 13.41 %
respectively as against control plots (26.57 %).
Highest yield (125q/ha) was recorded in
Flubendamide treated plots at Anand.

Integrated Disease Management
1. The  seed treatment with Carbendazim @ 1.5 g/

kg and soil drenching with Carbendazim @ 0.1%
three times at 15 days interval was effective in
controlling Fusarium  wilt (F. oxysporum  f.sp.
melonis) by 74.08% and the treatment recorded
with high BC ratio (1:2.27) in muskmelon (cv.
Keshar) at Rahuri.
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2. Foliar spray of Tridemorph 0.1% for three times
at 10 days interval from the initiation of disease
was suitable to control 81.8% of powdery mildew
(Podosphaera xanthi) disease in bottle gourd
(cv.CO1) and the treatment recorded high BC ratio
(1:3.65) at Coimbatore,.

3. Foliar spray of Difenoconazole 0.06% for three
times at 10 days interval from the initiation of
disease was effective to control 72.3% of
anthracnose disease (Colletotrichum capsici) in
chilli (cv. Bullet) and the treatment recorded with
BC ratio (1:4.27) at Kalyani.

4. IDM  including, use of white nylon net (40-60
mesh)  and soil application of Neem cake @ 0.5kg/
m2 in nursery, border crop with two rows of maize
and seedling dip of Imidacloprid 0.5ml/l for 60
min followed by four sprays at 10 days interval,
first spray with Acephate @ 1.5 g/l + Neem oil 2
ml/l,  second spray with  Fipronil @ 1.5 g/lit +

Neem oil 2 ml/l, third spray with Imidacloprid @
2 g/ 15 l + Neem oil 2 ml/l  and fourth spray with
Acephate @ 1.5 g/l + Neem oil 2 ml/l under main
field, recorded the highest reduction in Tospo
virus incidence (76.5% and 68.3%) with the
highest BC ratio 1:2.36 and 1:4.0 both in tomato
cultivar (CO3) and hybrid (COTH2)  respectively
at Coimbatore.

Breeder Seed Production
Breeder seed production programme under the

AICRP (VC) during the year 2012-13, 13805.040 kg
breeder seed have been produced against 13579.980
kg indent of 164 varieties of 32 vegetable crops by 25
coordinating centres. During the year 2013-14, an
indent of 5932.780 kg breeder seeds of 112 varieties of
35 vegetable crops have been  received from the Deputy
Commissioner (Seed)  DAC,GOI, New Delhi and same
quantities  have been allotted to   21 coordinating centres
for its production.
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KRISHI VIGYAN KENDRA, SANT
RAVIDAS NAGAR

Trainings Programmes
During 2013-14, KVK organized 65 need based  training
programmes on various aspects of production and
protection technologies of cereals, oilseeds, pulses,
vegetables, fruits, soil health, livestock and fisheries
involving 1338 practicing farmers including farm
women. Three employment generating, skill oriented
training programmes were also conducted for 50 rural
youths on seed production technique, value addition
and mushroom production (Table-1).

Table 1. Training programmes organized by KVK,
Sant Ravidas Nagar

The demonstrated varieties are well established
due to its higher yield and better economic traits in
adopted and neighboring villages. The important crops
viz. paddy NDR-359 and Usar Dhan-3 in salt affected
area occupied 45% share. Similarly wheat varieties KRL-
19 (recommended for Usar soil), HD-2733, HD-2985
(recommended for normal soil) were adopted in 55 and
62% area, respectively. Presently, the pigeon pea
variety NA-2 is grown in 42%, mustard variety Pusa
Bold & Pusa Jaikisan in 35% and cowpea variety Kashi
Kanchan received 20% area of the adopted villages.

The low cost technology viz. the application of
Zinc Sulphate @ 25kg/ha to control khaira disease &
enhance yield in paddy and application of wettable
sulphur @ 20 kg/ha in mustard are being adopted to
an extent of 70.5 and 20.5% area, respectively. The
percent increase yield was recorded as 10-12% in
paddy and 7-8% in mustard..

Technology Assessment & Refinement:
Root weevil infestation is a major problem
particularly in water logged areas. Hence, to
control root weevil in paddy, an OFT was
conducted at five farmer’s fields. Seedling
treatment with chlopyriphos @ 3 ml/l of water and
soil application of cartap hydrochloride @ 20 kg/
ha reduced the weevil population by 84.4%.

Another on-farm trial on disease management in
chilli (Kashi Anmol)  was also conducted with
the  treatment included seed treatment with

Clientele Number of training 
programmes 

Number of 
beneficiaries 

Practicing farmers 
including farm women 

65 1338 

Rural youths 03 50 
Total 68 1388 
 Frontline Demonstration

 Four hundred thirty one frontline demonstrations were
conducted on an area of 43.11 ha. Deworming in sheep
and goat was carried out for 1003 animals to avoid
endoparasitic load and maintain proper animal health.
In addition, FLD on fertility management in Bovine
was also carried out for 05 animals. The details are
given here under in table-2.

Sl. 
No.

Crop Varieties Area (ha) Beneficiaries Yield (q/ha.) B:C Ratio increase over 
local check (%)Demo. Local Demo. Local 

1 Paddy NDR - 359 3.00 19 61.06 56.0 2.09 1.93 9.04 
Usar Dhan -3 2.00 10 50.22 40.82 1.70 1.40 23.03 
P-44 1.95 08 56.35 48.07 2.00 1.74 17.22 
P-2511 2.63 16 53.42 33.70 2.19 1.58 58.52 
PRH-10 1.87 06 56.61 55.00 2.19 1.90 2.93 

2 Wheat DBW-17 2.80 19 45.12 32.45 2.43 1.70 39.04 
HD-2733 1.20 06 46.75 32.45 2.50 1.70 44.07 
HD-2985 0.80 06 34.70 32.45 1.86 1.70 6.93
HD-2967 0.80 07 36.22 32.45 1.95 1.70 11.62 

3 Maize Pro-4212 1.22 22 34.25 28.75 1.57 1.37 19.13 
4 Mustard Pusa Jagannath 2.50 20 21.50 16.65 2.32 1.80 29.13 

NRCHB-101 5.31 42 19.50 16.65 2.10 1.80 17.12 
5 Pigeon pea NA-2 5.00 41 Result awaited 
6 Chickpea  Pusa 362 3.00 43 19.50 13.80 2.02 1.47 41.30 
7 Field  pea Malviya Matar–15 2.10 33 18.15 14.50 1.71 1.42 25.17 
8 Lentil L-4076 0.38 06 7.10 6.08 1.24 1.07 16.78 
9 Chilli Kashi Anmol 2.00 22 163.5 140.70 2.86 2.02 16.20 
10 Sponge gourd IVGS-1 1.00 13 198.2 152.5 3.47 2.96 29.97 
11 Vegetable pea Kashi Udai 1.50 47 117.5 92.5 3.37 2.70 27.02 
12 Berseem Vardan 2.05 45 922.0 675.0 1.70 1.65 36.51 
13 Fertility management 

in bovine 
UMMB   05 (no.) 05 All animals conceived within 3-4 months. 

Sheep and Goat Deworming in 
sheep and goat 

1003 (no.) 19 Better growth and health was observed and no mortality 
was occurred due to endoparasites. 

 

Table 2: Frontline Demonstration conducted by KVK Sant Ravidas Nagar



104

Figure 1 : Extension activities of KVK, Sant Ravidas Nagar

carbandazim @ 2.5 gm/kg seed and imidacloprid
@ 3 gm/kg seed, seedling treated with
carbendazim @ 1 gm/l and imidacloprid @ 0.3
ml/l, destruction of infested plant parts and need
based foliar application of imidacloprid @ 0.3 ml/
l and carbendazim @1 gm/l of water. The percent
leaf curl infestation   was observed as low as 4.8%
in comparison to 18.3% in farmer’s practices with
corresponding yield 176.86 q/ha and 149.46 q/
ha, respectively.

An OFT conducted to assess the method of
cowpea (Kashi Nidhi) production revealed that
the maximum yield (125.4 q/ha) was obtained in
raised bed method as comparison to ridge method
(115.7 q/ha) and flat bed method (105.2 q/ha).
Similarly, highest benefit cost ratio was also
obtained as 3.27 in raised bed method followed
by 2.94 in ridge method as comparison to 2.85 in
flat bed method.

To control mastitis in high yielding Murrah
buffaloes (>12 lit/day), Vit. E and Selinium was
supplemented in ration 30 days before and 60
days after calving. The mastitis was not reported
in treated buffaloes; however, 10% buffaloes were
infected where no treatment was given.

Extension Activities: KVK planned and executed 11
field days (325 beneficiaries), 01 kisan gosthi (76
beneficiaries), 73 field visit (238 beneficiaries), 99
scientist’s visit to farmer’s fields, 298 diagnostic visit,
319 farmers visit to KVK, 01 exposure visit (150 farmers),
02 agri-exhibitions (260 farmers), 77 advisory services
and 01 vaccination/fertility camps (39 famers and
1857 animals) to sensitize and make the farmers aware
about the new technological options to raise the
productivity of different enterprises (Figure 1). The mass
media coverage included 02 Radio talks, 12 TV talks
and 75 periodical news in various news papers.
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Sl. 
No. 

Training No of 
courses 

No. of 
participants 

1 Practicing  Farmers 67 1627 
2 RY/ school dropouts 15 460 
3 Extension functionaries  4 106 

 

KRISHI VIGYAN KENDRA, DEORIA

Training programmes
After the assessment of local need,  the training

programmes were conducted on promotion of  HYV in
cereal, oilseed, pulses, vegetable and fruit crops
promotion of farming system approach for sustainable
agriculture entrepreneurship development, promotion
of self help groups, integrated pest management,
integrated nutrients management, direct sowing of rice,
zero till sowing of wheat, bee keeping, zero energy cool
chamber, designing of cloth by tie and dye method,
value addition, drudgery reduction,  resource
conservation technology, etc. (Figure 2). To improve
economy of farmers 67 training courses were conducted
in which 1627 farmers including farm women
participated. Fifteen vocational trainings were
organized for income generations for rural youth/
school  dropout covering 460 rural youth. Four training
courses were also organized for 106 extension
functionaries of the district to update their knowledge
and skill (Table  3)

Table 3: Training Programmes organized by KVK
Deoria.

On-campus training programme

Off-campus training programme

Figure 2 : Extension activities of KVK, Deoria

 

Sl. 
No. 

Enterprise Crop Name of Technology 
Demonstrated 

Area 
(ha) 

No. of 
Farmers 

Yield (q/ha) B:C Ratio Increase 
(%) Demo. Local Demo. Local 

1 Pulses Pigeon pea Sowing on raised bed  2.9 11 17 15.2 2.9:1 2.5:1 11.8 
  Black gram IDM 1 6 10.35 8.65 1.7:1 1.5:1 19.65 
  Chickpea IPM 2 23 16.1 12.67 3.1:1 2.75:1 27.07 
  Lentil HYV ( L 4076) 0.8 4 11.5 10.8 1.8:1 1.7:1 6.4 

2 Oil Seeds Mustard HYV ( Pusa Mahak) 11 40 17.74 13.6 2.1:1 1.6:1 30 
  Mustrad HYV ( Pusa Vijay) 2 7 18.6 12.7 2.2:1 1.5:1 46.45 

3 Cereals Paddy Direct seeded of rice 9.4 25 45.2 43.6 2.3:1 1.9:1 3.6 
  Paddy Introduction o f hybrid rice 2 5 72.9 62.2 3.8:1 2.8:1 17.3 
  Paddy HYV(pusa-44) 1.6 5 38.4 38 1.7:1 1.7:1 1 
  Paddy HYV (Pusa Sugandha-5) 1.7 5 57.1 42.8 2.9:1 1.8:1 33.5 
  Wheat RCT 9.68 20 44.8 37.4 2.4:1 1.9:1 19.7 
  Wheat HYV ( HD 2985) 0.4 1 41.5 34.2 2.1:1 1.8:1 21 
  Wheat HYV ( HD 2733) 0.4 1 49.8 34.2 2.4:1 1.7:1 46.6 
  Wheat HYV ( HD 2967) 1.6 4 43.6 37.4 2.1:1 1.9:1 16.5 
  Maize HYV (PEHM 5) 6 22      
  Maize Crop Management (Maize 

+ Potato) 
1.2 3      

  Maize HYV (900 M Gold) 3.6 13      

Frontline Demonstration
On the basis of agro climatic condition of this

district, FLD were conducted on HYVs of oilseeds,
pulses, cereals, vegetables,  resource conservation
technologies (DSR, zero tillage sowing of wheat and
Sowing of vegetables on raised bed) and zero energy

cool chambers on 254 farmers fields in 60.34 ha area.
To minimize the post harvest losses of fruits and
vegetables during storage performance of vegetables
in zero energy cool chambers were demonstrated at 5
farmers/ farm women field and 1 at KVK campus to
popularize this technology.  The details are given here
under in Table 4.

Table 4:  Frontline Demonstrations conducted by KVK Deoria.
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that that sugarcane with double row French bean  gave
highest sugarcane yield (760.35 q/ha) with an addition
72.5 q/ha  of French bean and by this additional yield
the expenditure cost of cultivation of sugarcane can be
meet out.

Nutritional Garden

An on farm trial was conducted on nutritional
garden in Kharif 2013 in four villages and it was found
that application of vermi-compost @ 1 q/ 200m2 and
application of neem cake @ 10 kg/ 200 m2 gave the
highest yield of vegetable i.e. 307 kg whereas 288 kg
vegetables were obtained under the farmers practice
(without application of vermi- compost and neem cake).

Nutrient Management in Paddy

An on-farm trial was  also  conducted on nutrient
management in paddy and it was found that
application of 90 kg Nitrogen/ha, 50 kg phosphorus
and 40 kg potash/ha with application of sulphur 20
kg/ha and green manuring with sesbania produced
maximum  yield i.e. 37.45 q /ha and in control   (NPK
100:55:00, 12.5 kg/ha) the  yield was recorded only
33.25q/ha.

Other Extension Activities
To expedite the process of transfer of technology

programme KVK, Kushinagar,   organized one kisan
gosthi with a participant of 122 farmers, advisory
services provided to 546 farmers. Seven field days were
organized covering 397 farmers for demonstration of
technologies. One kisan mela was also organized
covering 800 farmers and five kisan  mela was attended
by the KVK personnels benefitting 15760 farmers. A
total of 570 farmers  visited the KVK to upgrade their
knowledge and skill and 594  diagnostic visits were
made by the KVK Scientist. In addition, 907 mobile
advisory were also sent to the farmers. One soil health
and one animal health camps were organized covering
51 and 62 farm families, respectively. Thirteen lectures
were delivered as resource person benefiting more than
1190 farmers of Kushinagar and adjoining districts.

One Scientist – Farmers interaction was also
organised at KVK benefitting 122 farmers, four soil
testing campaigns were organized covering 129 farmers
to make the farmers aware about soil health. One self-
help group of seventeen farm woman was formed. Two
important days i.e. World Environment day and Kisan
diwas were celebrated by the KVK. In addition
extension services were provided through 05 TV show,
01 Radio talk ,1 Film show, 31 news items and 1
popular article.

Clientele No. of training 
programmes 

Beneficiaries 

Farmers and farm women 89 2529 
Rural youth 9 182 
Extension functionaries 2 43 
Total 100 2754 

KRISHI VIGYAN KENDRA,
KUSHINAGAR

Training Programmes
Under human resource development, the KVK

organised 100 need based on and off- campus training
programmes on various aspects of  production and
protection technologies of cereals, oilseeds, pulses ,
vegetables, fruits, livestock  soil health management
and value addition, house held food security, rural
craft and women empowerment benefitting a total of
2754 participants including  farmers, rural youth and
extension functionaries (Table 5).

Table 5  : Training Programmes organised by KVK,
Kushinagar

Frontline demonstration
During the period under report, front line

demonstrations were conducted in 27.54 ha area at
235 farmers field on wheat, paddy, onion, cowpea,
satputia, pumpkin, potato, vegetable pea, marigold,
turmeric and nutritional garden. Besides, the KVK also
conducted FLD on button and Oyster mushroom at 10
farmers home (Table 6).

Technology assessment and refinement
During the reporting period KVK, Kushinagar

conducted three on-farm trials (OFT) for assessment
and refinement of technologies at 24 farmers field.

Inter cropping of French bean in autumn sown
sugarcane

K.V.K. conducted on farm trial on inter cropping
of French bean in autumn sown sugarcane with the
objective to get an additional income by sowing  French
bean   in  two rows of sugarcane. The Arka Komal
variety of French bean sown in sugarcane in one row
at a distance of 25 cm. and in two rows spacing at
45x25 cm.

 The result indicate that intercropping of French
bean in two rows gave higher net return Rs. 2,41,960
followed by intercropping of French bean in one row
with sugarcane Rs. 2,22,409 and under farmer’s practice
(sugarcane as sole crop) Rs. 1,34,005 with a B:C ratio
4.03, 3.92 and 3.18, respectively. It was also observed
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Crop Technology/ 
variety 

No. of 
Farmers 

Area 
(ha) 

Yield (q/ha) 
Yield 
(%) 

Economics of demonstration (Rs./ha) 

Demo Check Gross 
Cost 

Gross 
Return 

Net 
Return 

BCR 
High Low Average

Cereals  

Wheat  Zero-tillage 
(PBW-502) 

18 5.0 38.56 34.35 36.46 32.75 11.33 21804 60756 38951 2.80:1 

Wheat  Zero-tillage 
(HD-2824) 

39 5.0 38.20 33.54 35.84 31.25 14.78 21804 59807 38002 2.74:1 

Wheat 
 

RCT
(PBW-550) 

16 2.0 37.48 32.44 34.96 30.34 15.23 28833 58056 29222 1.94:1

Paddy DSR 
(BPT-5204) 

03 1.0 36.00 24.90 30.45 26.50 14.9 26950 42426 16936 1.57:1 

Paddy Transplanted 
(BPT-5204) 

04 5.0 38.60 26.10 32.35 27.20 18.93 28725 44832 16107 1.56:1 

Vegetable 

Onion HYV  AFLR 24 1.18 346.15 202.33 266.91 218.12 22.37 58375 266910 212036 4.57:1 

Cowpea Intercroppi-
ng with 
spring 
sugarcane 

19 2.27 Cowpea 
115.62 

Sugarcane 
800.0 

72.92 
 

659.37 

87.66 
 

733.0 

- 
 

609.93 

- 
 

20.17 

- 
 

75625 

- 
 

249200 

- 
 

173575 

- 
 

3.29:1 

Satputia  VRS-1 16 0.90 259.0 192.5 227.20 179.64 26.47 33650 136320 102670 4.05:1 

Pumpkin  Kashi Harit 17 1.06 242.86 172.4 216.51 182.40 18.70 32562 129906 97344 3.98:1 

Potato Intercropping 
with autumn 
sugarcane 

8 0.385 166.38 90.47 137.81 111.08 18.66 Sugarcane result awaited 

Vegetable 
pea 

 (Kashi 
Udaya) 

10 0.99 101.25 81.25 92.12 73.85 24.74 34250 138180 103930 4.03:1 

Flower 

Marigold HYV  Pusa 
Narangi 

10 0.43 143.75 118.5 130.68 108.74 20.17 53892 261376 207484 4.84:1 

Turmeric HYV   
Megha-1 

31 1.96 303.12 225.00 271.25 212.49 27.65 46375 135625 89250 2.92:1 

Nutritional 
garden 

Kitchen 
garden in 
Zaid season 

20 0.37 2.75 2.58 2.65 2.18 22 1410 2659 1249 1.9:1 

Mushroom Button 
Mushroom 

5 01 unit - - 1.35 - - 6500 20250 13750 3.11:1 

Mushroom Oyster 5 01 unit - - 0.40 - - 2010 6000 3990 2.99:1 

Table 6 : Performance of frontline demonstrations conducted by KVK, Kushinagar
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Shri K.C. Pandey , MoS(Ag.), Govt. of U.P. visited the KVK,
Stall during Kisan Mela at G.S.S.B. R.I. Seorahi, Kushinagar

Dr. P.S. Naik , Director, IIVR, address  the farmers during
farmers fair at KVK, Sargatia, Kushinagar, U.P.

FLD on turmeric at farmers field Visit of Dr. P.S.Naik, Director, IIVR, Varanasi in paddy
field of KVK, Kushinagar

FLD on intercropping in sugarcane with cowpea Visit of Dr. A.K.Singh, Director, Z.P.D., Kanpur in field of
zero-tillage wheat on field day at KVK, Kushinagar

On-campus gadener training organised at KVK, KushinagarOn-campus training programme organised for rural youth
Figure 3 : Extension centre of KVK, Kushinagar
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MTC Trainees with Director and other faculty members

TRAINING PROGRAMMES AND
OTHERS

Training on Improved Vegetable
Production Technologies
Neeraj Singh, TD Lama and Shubhadeep Roy

During 2013-14, seven training programmes
sponsored by NAIP, NABARD, TSP and State
Agriculture Department, Assam were organized by
ATIC on different aspects of improved vegetable
production and protection technologies in which 541
farmers and other stakeholders from different states
had participated. During the entire training programme
participants were exposed to various production and
protection techniques through both theoretical and
practical orientations. At the end of each training
programmes, apart from relevant literatures, quality
vegetable seeds developed by the institute were also
provided to the participants.

Model Training Course on IPM in
Vegetable Crops
AB Rai, Neeraj Singh, S. Saha, Jaydeep Halder and M.
Manjunath

Model training course on “Integrated Pest
Management in Vegetable Crops” was conducted at
Indian Institute of Vegetable Research, Varanasi, Uttar
Pradesh from 16-23rd December, 2013 with an objective
to improve the professional competence, upgrade the

knowledge and develop technical skills of state
official/field functionaries as well as to provide an
opportunity of experiential learning, problem solving
and interaction between experts and officials/field
functionaries of state development department. Total
twenty two participants from Agriculture (9) and
Horticulture (13) departments from seven states viz.,
Tamil Nadu (4), Odisha (2), Assam (4), Bihar (3),
Jharkhand (1), West Bengal (1) and Uttar Pradesh (7)
participated in this model training course. Different
topics viz., changing scenario of pest and diseases in
major vegetable crops, integrated pest management of
vegetable crops: present scenario & future prospects,
label claim insecticides for the management of major
vegetables insect pests, biological control of vegetable
insect pests and diseases, diagnostic & management
of important fungal, bacterial and viral diseases of
vegetables, phytophagous mites, plant parasitic
nematodes and their management, residue problem in
vegetables, extension approaches for promotion of IPM
technologies in major vegetable crops etc. were
discussed in the training with the help of audio-visual
aids  followed by active interactions with the trainees.

Major visible impact of the training can be as 38%
average increase in knowledge was observed among
the trainees. The officials became more efficient in
proper identification of insect pests and diseases in
major vegetable crops and awareness of different
biocontrol agents and field level application those were
clearly visualized with their feedback. As part of this
training programme, a training manual of 168 pages
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was prepared and distributed to the participants for
ready reference in the field.

Workshop on Entrepreneurship in Organic
Farming
PM Singh, Neeraj Singh, S.K. Tiwari and Shubhadeep
Roy

A two days workshop on Organic Farming was
organized at the institute under BPDU-IIVR during
March 10-11, 2014 in which 32 progressive farmers,
start-ups, entrepreneur and Agri-business students
from different districts of UP, Bihar and MP had
participated. This workshop focused an insight to
motivate new and existing entrepreneurs to harvest
the business opportunities and start new business for
self-employment among growers & youths and to equip
entrepreneurs with relevant skills and knowledge in
organic farming. The programme pedagogy comprised
of lectures, group discussion, case studies, and practical
exposure to organic farms. Expert from International
Traceability System, Lucknow, a reputed organic farm
development organization at international level was
invited to explain the organic certification process to
the participants.

Entrepreneurship Development
Programme on Vegetable Seed Ventures
PM Singh, Neeraj Singh, S.K. Tiwari and Shubhadeep
Roy

An ‘Entrepreneurship Development Programme
on Vegetable Seed Ventures’ was organized at the
institute under BPDU-IIVR during March 21-25, 2014
in which 30 progressive farmers,  start-ups and
entrepreneur from different districts of UP
and Bihar had participated.  The
programme pedagogy comprised of
lectures, group discussion, case studies
and practical exposure to seed growing
& processing units. The focused area
covered were vegetable nutritional
potential, entrepreneurship development,
company/firm startup, Indian vegetable
seed scenario, nursery management,
production technologies for vegetable
seed crops, seed quality management,
integrated pest and disease management,
vegetable seed storage management, seed
testing techniques, seed policies of the
Government including farmers’ right and
protection of plant varieties.

National Farmers Fair cum Vegetable Show-
Casing

A National Farmer’s Fair Cum Vegetable
Showcasing was organized at Indian Institute of
Vegetable Research, Varanasi in collaboration with
National Agricultural Innovation Project (NAIP) and
Association for Promotion of Innovations in Vegetables
(APIV) to educate the farmers regarding economically,
environmentally and technologically sustainable
vegetable production during 1st February 2014. During
the event, more than 3000 farmers from different states
were acquainted with modern technologies related to
field crops, fruit crops, fishery and farm machinery
through lectures by the experts and 33 exhibition’s
stalls displayed by different private and public sectors.
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The event was inaugurated by the Former Vice
Chancellor, JNKVV, Jabalpur and Former DDG
(Horticulture), ICAR, Dr. Gautam Kalloo, who in his
address highlighted new research and developmental
activities in agriculture. He emphasized that scientist
should develop varieties that are multipurpose and
climate resilient. He called upon the farmers to reap
benefits of modern varieties and technologies
developed in research organizations through the
extension agencies of State Governments and Krishi
Vigyan Kendras. While welcoming the Chief Guest and
other visitors, Dr. P.S. Naik, Director, IIVR, Varanasi
highlighted the achievements of IIVR, challenges faced
by the farmers and ongoing research activities at the
institute to address these challenges.  He emphasized
that in the current era of innovations and knowledge
driven agriculture, full potential of the technologies
can be harnessed by formation of Farmer’s
Cooperatives. Shri Anant Bahadur Singh, a Progressive
Farmer narrated benefits derived by the farmers from
agricultural research organizations in general and IIVR
in particular.

Brainstorming on okra
B. Singh, Major Singh and S.K. Sanwal

Brainstorming on Okra was inaugurated by Dr.
N.K. Krishna Kumar, Deputy Director General
(Horticulture), ICAR, New Delhi on 28th Sept. 2013 at
IIVR, Varanasi. In his address, DDG (Horticulture)
highlighted importance of management of YVMV and
OELCV in okra production in the country. He informed
that okra fruit consignments are under threat due to
presence of early instars larvae of Helicoverpa armigera.
Neonictinoid insecticides viz., imidacloprid and
thiomethoxam which are causing colony collapse
disorder in honeybees. So their uses are restricted in
European Union (EU). He stressed upon the detailed
study on biotypes of B. tabaci and biotype specific
insecticide resistance management (IRM). The blisters
on okra fruits are caused due to jassid infestation. He
requested the okra group to take stock of the national
scenario and chalk out strategies to overcome these
challenges.

The deliberations were under three themes, viz.
(i) advances in virus resistant breeding and wild
species of okra, (ii) marker assisted selection and (iii)
emerging viruses of okra. During presentation, it was
observed that the frequent break down of the YVMV
resistance may be due to pathogenic variability, or
symptomless carriers and emergence of  the

polyphagous ‘B’ biotype of B. tabaci with its increased
host range. Host genetic resistance to viruses is one of
the most practical, economical and environment
friendly strategies for reducing yield losses in okra.
The occurrence of YVMV is severe in certain locations
in certain seasons and accordingly screening of
breeding populations is required to be done in these
hot spot areas.

All the participating institutions both in public
and private sector involved in breeding okra varieties/
hybrids using existing known sources of resistance/
tolerance  to YVMV/OELCV should work in
collaboration and prepare themselves for
replenishing/replacing tolerant varieties at
appropriate intervals before they succumb to new
strains of viruses and become uneconomical. Work
plan, time bound activities, allotment of duties,
responsibilities and funds should be chalked out to
achieve the said objectives.

Simultaneously, attempts should also be made to
incorporate broad spectrum resistance through gene
pyramiding and develop okra varieties with durable
resistance/tolerance to YVMV/OELCV followed by
maintenance breeding. During discussion, it was also
felt that the studies should be carried out on the reaction
of resistant gene(s) in hosts to various strains of
YVMV/OELCV resistance. This will help breeders to
identify major genes controlling known physiological
basis of resistance to YVMV/OELCV. This will also
provide tool to breeders by which they can identify
new strains as they appear and hence rapidly
determine steps to be taken for their control.

In the plenary session an action plan was chalked
out to carry the detailed studies on these dreaded
diseases of okra. It was decided that basic research
will be carried out by Indian Institute of Vegetable
Research (IIVR), Varanasi and Indian Institute of
Horticultural Research (IIHR),  Bengaluru.  The
screening will be done in identified hot spot areas (Uttar
Pradesh, Punjab, Haryana, Andhra Pradesh, West
Bengal Odisha, Gujarat, Madhya Pradesh and Tamil
Nadu).  It is essential that teams involving a
cytogenetics/genetists, breeder, biotechnologist,
virologist and entomologist need to be assembled in
IIHR, IIVR and Punjab Agricultural University (PAU)
for achieving the targeted goals. In addition to regular
monitoring, report writing and holding workshops etc,
it is important that the okra group involved in the above
programme should meet in alternate years to take stock
of progress made and chalk out road map for next two
years.
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IIVR, Varanasi contingent of
twenty one members participated in
ICAR Zonal (North Zone) sports
meet held at IIPR, Kanpur from

partic ipated in eighteen events
including individual sports like
field and track events, carom, chess
and team events like volley ball, table
tennis and badminton. Mrs.
Anuradha Kumari won Gold Medal
in Chess (Womens) and Mr. Bijen
Kumar won Silver Medal in Carom
(Mens). The team performed well in
table tennis, badminton volley ball
and 4 x 100 m relay race.

Participation in ICAR Zonal Sports Meet

Dr  S Ayappan, Secretary DARE & DG (ICAR) and Dr
N K Krishna Kumar, DDG (Horticulture Science), ICAR
interacting with Dr SK Pandey,  Charman,
Quinquennial Review Team  (QRT) of the Institute

Charman, QRTof the Institute signing the report

Finalization of QRT Report
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AWARDS AND HONOURS

1. Institute has received ISO 9001 : 2008 Certificate
(31089-A01) for Quality Management Services

2. Dr. P.M Singh:  Awarded for significant
contribution in the field of seed science and
technology by Indian Society of Seed Technology,
IARI, New Delhi, conferred on 8 June 2013 at
UAS, Bangalore

3. Dr. D. K. Singh: Fellowship Award-2012 of   Hi-
Tech Horticultural Society, during International
Conference on Impact of Technological Tools on
Food Security under Global Warming Scenario
(ITTFS-2012) held at Shobhit University,
Modipuram, Meerut during 11-12 May 2013,
Meerut, UP.

4. Drs. Sudhir Singh, Priti Khemariya, T. K. Koley
and  S.N.S. Chaurasia (2013) recieved Best Poster
Award  on “Studies on carnauba wax coating
formulations on nutritional quality in white
brinjal during storage”  under Session V on
Integrated Abiotic stress management, precision
farming, input use efficiency and conservation
agriculture. National Seminar on Abiotic and
Biotic Stress Management in Vegetable Crops,
April 12-14, 2013

5. Dr S.N.S. Chaurasia(2013) received Best Writer
Award  for Best Article in the Magazine  ‘Madai
Se Khaparail Tak’ on the topic entitled  “Gramin
Khadya Suraksha Ka Vikalp-Sahijan “  by A
Group of Rural Society Development, Varanasi.

6. Drs. Sudhakar Pandey, Waqar A Ansari, Neelam
Atri and Major Singh (2013) received Best Poster
Award on “Genetic Diversity in Indian Cucumber
based on EST SSR and morpho-physiological
markers and response of genotype to water
stress” in First UP Agricultural Science Congress
on Emerging Chal lenges and Resource
Management for Food  Security” on organized by
Narendra Dev University of Agriculture and
Technology, Kumarganj, Faizabad held on 17-19
August, 2013.

7. Dr. Sudhakar Pandey, received “Scientist of the
Year Award-2013”  confers by Society of
Biological Sciences and Rural Development,
Allahabad in the field of Horticulture (Vegetable
Science) on the occasion of National Symposium
on “Innovative and Modern Technologies for
Sustainable Agriculture & Rural Development,
October 19-20, 2013.
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HUMAN RESOURCE DEVELOPMENT

1.  Training/Seminar/symposia/conference/workshop attended (National/International)

NATIONAL
Name of the scientist Title of 

training/seminar/symposia/conference/workshop   
Duration  Held at 

Dr. (Smt.) A. R. Kumari Information & Communication Technology (ICT) 
Initiatives for Inclusive Agricultural Development 

July 3-23, 2013 Department of Agriculture 
Extension & Rural Sociology 
(AE&RS), Centre of 
Agricultural& Rural 
Development Studies, TAU, 
Coimbatore 

Dr. A. B. Rai 

 

Management Development Programme on 
Leadership Development (Pre-RMP Cadre)  

26th November -7th 
December2013 

NAARM, Hyderabad 

MDP workshop on priority setting, monitoring and 
evaluation (PME) of Agricultural Research Projects 

18-22 June, 2013 NAARM, Hyderabad 

Dr. A. K. Chaturvedi.  Attended ICAR Sponsored Short Course on Emerging 
trends in plant protection inputs and appliances for 
safe and quality vegetable production. 

October 21-30, 2013 Indian Institute of Vegetable 
Research, Varanasi 

Dr. B. Singh,  Management Development Programme on 
Leadership Development (Pre-RMP Cadre)  

26th November -7th 
December2013 

NAARM, Hyderabad 

Dr. D.R. Bharadwaj,  Management Development Programme on 
Leadership Development (Pre-RMP Cadre)  

26th November -7th 
December2013 

NAARM, Hyderabad 

Dr. J. Halder,  AICRP-Bio Control Workshop May 24-25, 2013 NBAII, Bangalore 

Dr. M. Manjunath Attended Sensitization cum Training Workshop of 
IPv6  

February 27, 2014. Indian Agricultural Statistics 
Research Institute, New Delhi 

Dr. M. K. Pandey New Horizons in Biotic Stress Management in Rice 
under Changing Climate Scenario  

September 10-30, 
2013 

Central Rice Research 
Institute, Cuttack, Odisha. 

Dr. N. Rai,  Management Development Programme on 
Leadership Development (Pre-RMP Cadre)  

26th November -7th 
December2013 

NAARM, Hyderabad 

Dr. P. K. Singh Attended the  refresher course on Agricultural 
Research Management 

July 15-27, 2013 NAARM, Hyderabad 

Dr. P. M. Singh “Accessing technology to foster innovation” (a 
professional development  programme) 

May 15-17, 2013  Society for Technology 
Management at Chennai

“Training programme on agri business incubation for 
NAIP BPDs”

June 18-21, 2013 ABI-ICRISAT & TNAU at 
TNAU, Coimbatore

XIII National Seed Seminar on “Innovations in Seed 
research & Development” 

June 8-10, 2013 UAS, Bangalore 

Mr. R. S. Gujjar 21 days training course on “Advanced Omics 
Techniques for Improvements in Plant and Human 
Health”  

November 15-
December 5,13 

CAFT, Biochemistry Division, 
IARI, New Delhi 

Dr Rajesh Kumar National Seminar on Horticultural Biotechnology  June 14, 2013. IIHR, Bangluru  

Dr. S. K. Tiwari Mid-term review meeting of AICRP (VC) December 17-18, 
2013 

NASC Complex, New Delhi 

Orientation workshop-cum-training program for BPD 
Unit in ICAR 

October 24-26, 2013 NAARM, Hyderabad 

Germplasm field day on Vegetable Crops (Brinjal and 
Bottle gourd) 

October 30, 2013. NBPGR, New Delhi 

Meeting of Horticulture SMD institutes regarding 
NABMGR 

November 29, 2013 NRC on Grapes, Pune 

Mid-term review meeting of AICRP (VC) December 17-18, 
2013 

NASC Complex, New Delhi 
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Name of the scientist Title of 
training/seminar/symposia/conference/workshop   

Duration  Held at 

Dr. Sudhakar  Pandey MDP workshop on “PME (priority, monitoring and 
evaluation) on Agricultural Research Project” 

 June 18-22, 2013  NAARM, Hyderabad 

International Conference on “Environmental Biology 
and Ecological Modelling” 

 February 24-26, 
2014 

Department of Zoology,  
Visva-Bharati (A Central 
University), Shantiniketan on  

Mid-term Review Meeting of All India Coordinated 
Research Project (VC),  

 January 17-18, 2014 NASC,  ICAR, New Delhi on  

Fist UP Agricultural Science Congress on Emerging 
Challenges and Resource Management for Food 
Security” 

August 17-19,  2013 Narendra Dev University of 
Agriculture and Technology, 
Kumarganj, Faizabad  

“Innovative and Modern Technologies for Sustainable 
Agriculture & Rural Development” 

October 19-20, 2013 Society of Biological Sciences 
and Rural Development, 
Allahabad 

XXXIth  Group Meeting of All India Coordinated 
Research Project (VC),  

May 2 -5, 2013 CSK HPKV, Palampur, HP 

Dr. T. D . Lama, 

 

Workshop-cum-Installation Training Programme of 
Nodal Officers of NAIP Project - Strengthening 
Statistical Computing for NARS  

17-18 September, 
2013 

IASRI, Pusa, New Delhi. 

Dr. T. K. Koley 21 days training course on “Recent advances in the 
valorization of horticultural produce”  

December 6-26 
,2013  

IARI, New Delhi. 

Mr. Y. Bijen Kumar Three months attachment training programme as per 
FOCARS guidelines  

May 20- Aug 19, 
2013 

NRL for APEDA, NRC 
Grapes, Pune 

 

2.  Training imparted

INTERNATIONAL
Dr. S.K. Sanwal 2nd Annual Review meeting on SAARC Vegetable 

Adaptive Trials Networks (SVATNet) at jointly 
organised by SAARC Agriculture Centre (SAC), Dhaka, 
Bangladesh, RNR Information & Communication 
Services & Department of Agriculture, Ministry of  
Agriculture and Forest, Royal Government of Bhutan . 

December 28-29, 2013 Thimpu , Bhutan 

Dr. Prakash S. Naik, FAO Consultant for Enhancing vegetable production 
capacity in Vanuatu (Off-Season vegetable production 
and seed production), Mission-2 of TCP/Van/3402 

August 21 - September 28, 
2013.

Port Villa, Vanuatu 

Dr. M. Loganathan training on “Organic Certification of Fruits and 
vegetables”under Cooperation in agriculture between 
AEAN member countries and India organized by the 
Department of Agriculture, Malaysia 

October 20 -November 02, 
2013 

Putrajeya, Malaysia 

Dr. M. Loganathan NAIP International training on “Biosecurity 
(Horticultural Sciences)” 

February 14- March 
25,2014 

AVRDC, The World 
Vegetable Centre, Taiwan 

 

Training  Duration  Number of 
participants 

National Symposium on Abiotic and Biotic Stress Management in Vegetable Crops  April 12–14, 2013 250 
Improved Vegetable Production Technologies July 30 –August 03, 

2013 
40 

Improved Vegetable Production Technologies August 05-09, 2013 40 
Improved Vegetable Production Technologies August 11-15, 2013 40 
Model Training Course (MTC) on Integrated Pest Management in Vegetable Crops December 16-23, 2013 22 
Emerging trends in plant protection inputs and appliances for safe and quality 
vegetable production 

October 21 – 30, 2013 15

Training cum Sensitization Workshop on Strengthening Statistical Computing in NARS 
was held during, at IIVR, Varanasi 

December 20-21, 2013 63 

WWoorrkksshhoopp  oonn  EEnnttrreepprreenneeuurrsshhiipp  iinn  OOrrggaanniicc  FFaarrmmiinngg  March 10-11, 2014 30 
Improved Production technology and marketing of vegetable sponsored by  
Department of Agriculture, BTC, Kokrajhar, Assam 

Jan 27-Feb 1, 2014 21 

Entrepreneurship Development Program on Vegetable Seed Ventures March, 21-25, 2014 32 
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Classified abstracts of expenditure
Indian Institute of Vegetable Research (plan and non-plan) 2013-2014

(Rupees in Lakhs)

Externally funded projects

Revenue generation (2013-2014)
(Rupees in Lakhs)

Krishi  Vigyan Kendra (plan) 2013-2014
                         (Rupees in Lakhs)

 

Name of the Projects Funding 
Agency 

Duration of 
Project 

Total 
Allocation         

 Allocation and 
Expenditure in 2013-14 

Allocation Expenditure 

Division of Vegetable Improvement 
Application of microorganisms 
in Agriculture and allied sectors 
(AMAAS) 
Sub theme: Structural genomics 
of meszorhizobiumcicer Ca 181 

ICAR 2006- Contd 37.62 8.31 8.32 

National Project on Transgenic 
Crops (NPTC) 

NAIP ICAR 2005- Contd 147.90 26.26 17.55 

 

  Plan Non-Plan 
Sub-head Provision made in 

RE 2013-14 Expenditure Provision made in 
RE 2013-14 Expenditure 

  
Establishment Charges - - 790 738.93 
Wages - - - - 
O.T.A. - - - - 
T.A. 15 15 2 2 
Other Charges 
(Contingency) 317 317 35 34.82 

H.R.D. 3 3 - - 
Works 23.73 23.73 - - 
Equipment 62.27 58.67 - -
Library 7 6.97 - - 
Vehicle - - - - 
Annual Repairs 
/Maintenance - - 10 9.94 

Information Technology 0.31 0.31 - - 
TSP 10 2.88 

837 785.69 
NEH 4 - 
Total 442.31 427.56     

 

Particulars Target Revenue generation 

IIVR 79.20 52.31 

 

KVKs RE 2013-14 EXPENDITURE 

KVK, Kushinagar 75 75.36 

KVK, Deoria 54.9 47.5 
KVK, Sant  Ravidas Nagar 85 84.02 

Total 214.9 206.88 
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                         (Rupees in Lakhs)

Name of the Projects Funding 
Agency 

Duration of 
Project 

Total 
Allocation         

 Allocation and 
Expenditure in 2013-14 

Allocation Expenditure 

Bioprospecting of genes and allele 
mining for abiotic tolerance 

NAIP ICAR 2009- Contd 56.19 7.92 7.84 

Gene expression studies and 
development of functional 
markers for anthracnose disease 
in Capsicum species 

DST 2012- Contd 39.30 5.00 5.00

Validation of DUS guidelines of 
cucurbits i.e., watermelons and  
muskmelon 

PPVFRA 2011- Contd 11.62 2.73 2.38 

National Initiative on climate 
resistant agriculture (NICRA) 

NAIP ICAR 2011- Contd 336.00 91.00 87.09 

Business planning and 
development unit (BPD) 

NAIP 
ICAR 

2013-14 153.66 153.66 102.55 

Division of Vegetable Producction 

Application of microorganisms in 
Agriculture and allied sectors 
(AMAAS) 
Sub Theme:- Assessment of nisin  
production in selected strains of 
lactic acid bacteria and market 
acceptability 

ICAR 2006-13 25.73 3.90 1.39 

Ensuring Livelihood Security 
through Watershed Based 
Farming System Modules in 
disadvantaged   Districts of 
Mirzapur and Sonbhadra in 
Vindhyan Region 

ICAR 
NAIP 

2008-2014 58.58 4.72 4.05 

Tribal Sub-Plan (TSP) for 
Schedule Tribes of Sonbhadra 
district in Uttar Pradesh (National 
Assignment by ICAR, New Delhi 
under 12th Plan 2012-17) 

ICAR 2012- Contd 100.00 10.00 2.89 

Mobilizing mass media support 
for sharing Agro- information 

NAIP 2009-13 42.25 6.67 7.21 

Division of Vegetable Protection

Application of the 
microorganisms in agriculture 
and allied sectors (AMAAS)”:  
Sub theme:- Nutrient 
management, PGPR and 
Biocontrol 

ICAR 
 

2006-Contd 21.87 3.29 3.18 
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Name of the Projects Funding 
Agency 

Duration of 
Project 

Total 
Allocation         

 Allocation and Expenditure 
in 2013-14 

Allocation Expenditure 

Outreach project on 
Phytophthora, Fusarium and 
Ralstonia diseases of 
Horticultural and Field crops 

ICAR 

 

2009- Contd 48.80 9.18 6.97 

Outreach programme on leaf 
spot diseases of Horticultural and 
Field crops 

ICAR 2009- Contd 32.75 02.80 02.92 

NICRA project “Real Time Insect 
Pest Surveillance (RTPS) in 
Tomato Crop” 

ICAR 2011- Contd 5.00 5.00 4.46 

Establishment of association of 
begomovirus species with yellow 
vein mosaic disease in wild 
cultivated species of okra and 
identification of source of 
resistance to the most 
predominant virus. 

NFBSFARA 2013-14 32.4617 12.15 5.92 

AICRP(Vegetable Crops) 

Central Sector Scheme for 
protection of plant varieties and 
farmers’ rights 

PPVFRA 2010- Contd 9.50 11.50 06.51

Central Sector Scheme for 
Cucurbits 

PPVFRA 2010- Contd 35.54 9.5 6.44 
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PERSONNEL (as on 31. 03. 2014)

S.N. Category Sanctioned Strength Staff in Position Vacant 

SCIENTIFIC    

1. Scientist 40 26 14 

2. Senior Scientist 17 12 05 

3. Principal Scientist 06 05 01 

 TOTAL  63 43 20 

TECHNICAL     

1. T-1 11 01 - 

2. T-2 - 02 - 

3. T-3 13 07 04 

4. T-4 02 - - 

5. T-5 - 02 - 

6. T-6 - 09 - 

7. T-(7-8) - 01 - 

 TOTAL 26 22 04 

ADMINISTRATIVE    

1. Senior Administrative Officer 01 01 -

2. Finance & Account Officer  01 - 01 

3. Asstt. Fin. & Accounts Officer 01 01 - 

4. Assistant Adm. Officer 01 - 01 

5. Assistant 05 04 01 

6. Private Secretary  01 - 01 

7. Personal Assistant  02 02 - 

8. Stenographer Gr. III 02 - 02 

9. UDC 02 02 - 

10. LDC 04 01 03 

 TOTAL 20 11 09 

SKILLED  SUPPORTING  STAFF    

1. S.S.S  16 16 - 

 TOTAL 16 16 - 

 

Staff strength of KVKs

KVK Sargatia, Kushinagar

Sl. No. Designation  Sanctioned strength Staff in position Vacant 
1. Programme Coordinator 01 01 - 
2. Subject Matter Specialist 06 06 - 
3. Farm Manager 01 01 - 
4. Prog. Assistant  01 01 - 
5. Prog. Assistant (Comp.) 01 - 01 
6. Assistant 01 01  
7. Stenographer Gr.III 01 - 01 
8. T-1 (Driver) 02 02 - 
9. SSS 02 - 02 
 Total 16 12 04 
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KVK Deoria
Sl. No. Designation Sanctioned strength Staff in position Vacant 
1. Programme Coordinator 01 - 01 
2. Subject Matter Specialist 06 03 03 
3. Farm Manager 01 01 - 
4. Prog. Assistant  01 01 - 
5. Prog. Assistant (Comp.) 01 - 01 
6. Assistant 01 - 01 
7. Stenographer Gr.III 01 - 01 
8. T-1 (Driver) 02 02 - 
9. SSS 02 - 02 
 Total 16 07 09 
 

KVK Sant Ravidas Nagar
Sl. No. Designation Sanctioned strength Staff in position Vacant 
1. Programme Coordinator 01 01 - 
2. Subject Matter Specialist 06 05 01 
3. Farm Manager 01 01 - 
4. Prog. Assistant  01 01 - 
5. Prog. Assistant (Comp.) 01 01 - 
6. Assistant 01 01 - 
7. Stenographer Gr.III 01 - 01 
8. T-1 (Driver) 02 02 - 
9. SSS 02 - 02 
 Total 16 12 04 
 Staff in position (as on 31-03-2014)

Sl. No. Name Designation  Email 
1. Dr. Prakash S. Naik Director directoriivr@gmail.com 
Director’s Cell 
2. Sh. S.K. Srivastava Personal Assistant - 
3. Sh. Ajayan P. Personal Assistant ajaynair27@gmail.com 
Project Coordinator Cell 
4. Dr. B. Singh Project Coordinator bsinghiivr@gmail.com 
5. Dr. T. Chaubey Senior Scientist tchaubay@gmail.com 
6. Dr. Ranjan Kumar Srivastava  Senior Technical Officer  ranjansrivastava@gmail.com 
7. Sh. Chandra Bushan  Technical Officer   
Division of Vegetable Improvement 
8. Dr. Major Singh Principal   Scientist &   Head    singhvns@gmail.com 
9. Dr. Hira Lal Principal Scientist hiralaliivr@gmail.com 
10. Dr. P.M. Singh Principal Scientist pmsiivr@gmail.com 
11. Dr. Nagendra Rai Principal Scientist nrai1964@gmail.com 
12. Dr. D.R. Bhardwaj Principal Scientist dram_iivr@yahoo.com 
13. Dr. Vikramaditya  Pandey Principal Scientist pandey_vs@rediffmail.com 
14. Dr. Rajesh Kumar Senior Scientist rajes74@gmail.com 
15. Dr. Prasanna H.C. Senior Scientist prasannahc@yahoo.com 
16. Dr. Satish Kumar Sanwal Senior Scientist satishsanwal@rediffmail.com 
17. Dr. Sudhakar Pandey Senior Scientist sudhakariivr@gmail.com 
18. Dr. J.K. Ranjan Senior Scientist jkranjan2001@yahoo.co.in 
19. Dr. Shailesh Kumar Tiwari Scientist tiwarishailu@gmail.com  
20. Dr. C. Manimurugan  Scientist manimuruganc@gmail.com 
21. Mr. Yerasu Suresh Reddy Scientist yerasusureshreddy@yahoo.co.in 
22. Mr. Ranjeet Singh Gujjar Scientist ranjit.gujjar@gmail.com 
23. Mr. Pradip Karmakar Scientist pradip9433@gmail.com 
24. Sh. A.K. Singh Senior Technical Officer  ashoksinghiivr@gmail.com 
25. Sh. Vishwanath Senior Technical Officer  vishwanathbhargava@gmail.com 
26. Sh. Ashutosh Goswami Senior Technical Officer  - 
27. Sh. Y.P. Singh Technical Officer  - 
28. Sh. Subhash Chandra Technical Assistant - 
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Sl. No. Name Designation  Email 
Division of Vegetable Production 
29. Dr. S.N.S. Chaurasia Principal Scientist & Head chaurasiaiivr@yahoo.com 
30. Dr. Sudhir Singh Principal Scientist sudhiriivr@gmail.com 
31. Dr. R.N. Prasad Principal Scientist rnprasad_zcu@rediffmail.com 
32. Dr. R.B. Yadav Principal Scientist raj_yadava@rediffmail.com 
33. Dr. Neeraj Singh Principal Scientist neerajatic@gmail.com 
34. Dr. D. K. Singh  Senior Scientist dharmendraksingh@rediffmail.com 
35. Dr. T.D. Lama Senior Scientist tashidorjee@yahoo.com 
36. Dr. Anant Bahadur Senior Scientist singhab@yahoo.com 
37. Dr. Shubhadeep Roy Scientist shubhadeepiari@gmail.com 
38. Dr.  Tanmay Kumar Koley Scientist tanmay_iari@rediffmail.com 
39. Ms. S. M. Vanitha  Scientist vanita.gkvk@gmail.com  
40. Sh. Pankaj Kumar Singh  Senior  Technician   
41. Rajesh Kumar Rai Technician  rkrairk@rediffmail.com 
Division of Vegetable Protection 
42. Dr. A.B. Rai Principal Scientist & Head abraiiivr@gmail.com 
43. Dr. M. Loganathan Senior Scientist logumurga@yahoo.com 
44. Dr. M.H. Kodandaram Senior Scientist kodandaram75@gmail.com 
45. Dr. Sujoy Saha Senior Scientist sujoyta@gmail.com 
46. Dr. R.K. Saritha Scientist  sarirk@gmail.com 
47. Dr. Jaydeep Halder Scientist  jaydeep.halder@gmail.com 
48. Dr. V. Venkataravanappa Scientist venkatrajani@gmail.com 
49. Dr. M. Manjunath  Scientist manjumbl@gmail.com 
50. Dr. B. Mahesha  Scientist maheshpathology@gmail.com 
51. Sh. C. Sellaperumal Scientist Perumal14@gmail.com
52. Sh. Raghubansh Mani Rai  Senior Technical Officer  - 
53. Sh. P.C. Tripathi Technical Assistant tripa732003@yahoo.co.in 
Administrative Staff 
57. Sh. D. D. Verma Comptroller ddverma11@gmail.com 
58. Sh. Sumit kumar Jindal  Senior Administrative Officer saoiivr@gmail.com 
59. Sh. K. Ganesan Assistant Admin. Officer - 
60. Sh. D.K. Agnihottri Assistant Finance & Account Officer dkagnihotri@yahoo.com
61. Sh. U.N. Tiwari Assistant - 
62. Sh. Gopi Nath Assistant - 
63. Sh. Sanjay Singh Assistant - 
64. Sh. Rajesh Kumar Rai Assistant - 
65. Sh. R.K. Mehrotra UDC - 
66. Sh. S.K. Gupta LDC - 
Farm Section
67. Dr. R.B. Yadav Chairman raj_yadava@rediffmail.com 
68. Dr. Rameshwar Singh In Charge Farm  bisen.singh@gmail.com 
69. Sh. S.P. Singh Senior Technician (Driver) - 
70. Sh. K.K. Upadhyay  Senior  Technical Assistant (Driver) - 
PME Cell 
71. Dr. A.B. Rai Chairman abraiiivr@gmail.com 
72. Dr. Sunil Gupta Assistant Chief Technical Officer  gupta.sunil191@gmail.com 
Library 
73. Sh. S.K. Singh Assistant Chief Technical Officer  - 
Institute Service Unit 
74. Dr. Hira Lal Chairman hiralaliivr@gmail.com 
75. Sh. A.K. Singh Senior Technical  Officer  ashoksinghiivr@gmail.com 
76. Sh. M.L. Vishwakarma  Technical Assistant  - 
77. Sh. Rajendra Kumar T-2 (Driver) - 
78. Sh. Manoj Kumar T-2 (Driver)  
79. Sh. Ram Ashrey T-2 (Driver) - 
Supporting Staff 
80. Sh. Jagwat Ram SSG.II  (Messenger) - 
81. Sh. Shiv Kumar SSG.II  (Messenger) - 
82. Sh. Kailash Singh SSG.II  (Lab. Attd.) - 
83. Sh. S.P. Mishra SSG.II  (Lab. Attd.) - 
84. Sh. Naraini Singh SSG.II - 
85. Sh. S.K. Pandey SSG.II - 
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Sl. No. Name Designation  Email 
86. Sh. Arun Kumar   SSG.II - 
87. Sh. Ramraj SSG.II - 
88. Sh. Suresh Kumar Yadav SSG.II - 
89. Sh. Shuresh Kumar SSG.I - 
90. Sh. Virendra Prasad Gond SSG.I - 
91. Sh. Kamlesh Kumar Singh SSG.I - 
92. Sh. Anil Kumar Suman SSG.I - 
93. Sh. Ram Kunwar Chaubey SSG.I - 
94. Sh. Jata Shankar Pandey SSG.I(Lab attendant) - 
95. Sh. Shivajee Mishra SSG.I(Lab attendant) - 
 Seed Production Centre, Sargatia, Kushinagar 
96. Dr. P.K. Singh Sr. Scientist & In-Charge - 
97. Dr. Satyandra Singh Senior Scientist suresat@gmail.com 
98. Dr. A.P. Singh  Senior Technical Officer  apsinghento@gmail.com 
99. Sh. A.K. Mishra LDC - 
Krishi Vigyan Kendra, Sargatia, Kushinagar 
102. Dr. A. K. Dubey Programme Coordinator akdubeykvk@yahoo.co.in 
103. Sh. Ashok Rai SMS (Ag.Extn) - 
104. Sh. Ajay Kumar Rai SMS (PP) - 
105. Sh. Rajneesh Srivastava                  SMS (Hort) - 
106. Sh. Yogesh Kumar  SMS (AS) - 
107. Smt. Anjali  Sahu SMS (HS) - 
108. Dr. Ramesh Chand    SMS (Agro.) - 
109. Dr. T.N. Ray  SMS (Soil Science) - 
110. Sh. Sanjay Gautam  Programme Assistant - 
111. Prasant Kumar Gupta  Office Superintendent - 
112. Sh. Pankaj Kumar Singh                      Driver  - 
113. Sh. Satish Kumar Singh  Driver  - 
Krishi Vigyan Kendra, Deoria 
114. Smt. A. R. Kumari          SMS (HS) anuradha_rau@rediffmail.com 
115. Sh. Anil Kumar          SMS (Hort.)        anil_kumar793@yahoo.co.in 
116. Sh. Kamalesh Meena SMS (SS & Agro) kamalaagronomy@gmail.com 
117. Dr. Manoj K. Pandey SMS (PP) mkp_bxr@yahoo.co.in 
118. Sh. Ajay Tiwari Farm Manager ajitiwariiivr@gmail.com 
119. Sh. Motilal Kushawaha        Programme Assistant motilal.kushwaha@yahoo.com 
120. Sh. Vikash Kumar     Programme Assistant (Comp.) vikashkumar@gmail.com 
121. Sh. Bharat Singh       Driver -
122. Sh. Sharad Chand Rai Driver  - 
Krishi Vigyan Kendra, Sant Ravidas Nagar 
123. Dr. Rajendra Prasad   Programme Coordinator rprasadZCU4@rediffmail.com 
124. Dr. A. K. Chaturvedi SMS (Hort.) akciivr@gmail.com 
125. Dr. Rakesh Pandey SMS (PP) rakesh_pandey01@rediffmail.com 
126. Dr. G. K. Choudhary SMS (AS) drgovindvet@yahoo.co.in 
127. Dr. R. P. Choudhary SMS (Ag. Extn) - 
128. Smt. Rekha Singh     SMS (HS) rekhaiivr@gmail.com 
129. Dr. Arun Pratap Singh Farm Manager - 
130. Sh. V. V. Diptikar       Programme Assistant (Comp.) v_v_diptikar@rediffmail.com 
131. Dr. P. C. Singh          Farm Manager prabhashiivr@gmail.com 
132. Sh. Roshan Lal Office Superintendent - 
133. Sh. D.P. Singh          Programme Assistant  - 
134. Sh. Sanjay K. Yadav Driver  - 
135. Sh. Pramod Paswan Driver   - 

 
Appointments/ Promotions/ Transfers
1. Dr Vikramaditya Pandey, Principal Scientist

transferred to SMD (Horticultural Sciences) ICAR,
New Delhi and relieved on 10.06.2013.

2. Dr Ananat Bahadur,  Senior  Scientist
(Horticulture) has been promoted to Pay Band IV
(37400-67000 and RGP of 9000) w.e.f. 28.02.2012

3. Dr J. K. Ranjan, Senior Scientist (Horticulture-
Vegetable Science) has joined on 26.03.2014 after
his transfer from NRC on Seed Spices, Ajmer.

4. Dr Sanjeev Kumar, Scientist (SS) has been
selected as Sr Scientist for IISR, Lucknow and
relieved on  12.08.2013.

5. Sh D.D. Verma, Comptroller transferred to
NAARM, Hyderabad on 30.04.2013.
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Annexure I
Research Advisory Committee (RAC)

1.  Dr. K.V. Peter 
Ex. Vice Chancellor, KAU 
World Noni Research Foundation, 
No.12, Srinivasa Nagar,  2nd Street 
Rajiv Gandhi Road, Old Mahabalipuram Road, 
Perungudi, Chennai-600096 

Chairman 

2.  Dr. M.L. Chadha 
Technical Advisor cum Consultant, 
Haryana Farmers Commission 
CCSHAU, Hisar-125004 

Member 

3.  Dr. J.P. Srivastava 
Ex. Prof. & Head 
Vegetable Research Station, 
N-345, Keshavpuram, Avas Vikas-1, 
Kalyanpur, Kanpur-19. 

Member 

4.  Dr. S.K. Sharma   
Director 
Central Institute of Arid Horticulture, 
Sri Ganganagar Highway, 
Beechwal Industrial Area P.O. Bikaner-334006 

Member 

5.  Dr. V.B. Singh 
Former Dean, 
Nagaland University,Medziphema, 
Nagaland 

Member 

6.  Dr. K.S. Kapoor 
Ex. Head, IARI Regional Station, 
Vasundhara Cottage, Upper Sultanpur, 
Kullu-175101 (H.P.) 

Member 

7.  Dr. S.K. Malhotra 
Asstt. Director General (Hort.-II) 
ICAR, Krishi Anusandhan Bhawan-II,  
Pusa,New Delhi-110012 

Ex-Officio Member 

8.  Dr. P.S. Naik 
Director 
IIVR, Varanasi 

Ex-Officio Member 

9.  Sh. Brijesh Tripathi 
303, Poonam Apartment, 
Plot No. 104, Sector No. 2, 
Kopar Khaire, 
Navi Mumbai-400701. 

Non-Official Member 

10.  Sh. Md. Talib Ali 
B-505, Arunima Place, 
Sector-4, Vasundhara, 
Ghaziabad -201012.  

Non-Official Member 

11.  Dr. P.M. Singh 
Principal Scientist 
IIVR, Varanasi 
Member Secretary 

Member Secretary 
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Annexure II
Institute Management Committee (IMC)

 
1. 

Dr. P. S. Naik 
Director 
IIVR, Varanasi 

 
Chairman 

 
2. 

Dr. T. S. Aghora 
Principal Scientist (Vegetable Breeder) 
IIHR, Bangalore.   

 
Member 

 
3. 

Dr. Pratibha Brahmi 
Principal Scientist (Vegetable Botanist) 
NBPGR, New Delhi.  

 
Member 

 
4. 

Dr. A.K. Srivastava  
Principal Scientist (Soil Science) 
NRC for Citrus, Nagpur 

 
Member 

 
5. 

Dr. Anju Bajpai 
Senior Scientist (Biotechnology) 
Central Institute for Sub-tropical Horticulture  
Lucknow 

 
Member 

 
6. 

Dr. Ranvir Singh  
Principal Scientist (Horticulture)  
ICAR, KAB-II  
Pusa, New Delhi 

 
Member 

7. Sh. Brijesh Tripathi 
303, Poonam Apartment 
Plot No. 104, Sector No. 2  
Kopar Khairne, Navi Mumbai, 400701 

Non-Official Member 

8. Shri Mohammad Talib Ali  
B-505, Arunima Place 
Sector -4, Vasundhra 
Ghaziabad – 201 012 (U.P.) 

Non-Official Member 

9. Director of Horticulture  
Government of Uttar Pradesh  
2 , Sapru Marg, Lucknow  

Member 

10. Director of Horticulture 
Government of Bihar  
Patna (Bihar) 

Member 

11. Dean, College of Horticulture 
NDUA&T, Faizabad (U.P.) 

Member 

12. Finance & Account Officer  
Central Institute for Sub-Horticulture Research  
Lucknow 

Member 

13. Dr. P.M. Singh 
Principal Scientist 
IIVR, Varanasi 

Member 
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Annexure III
Quinquennial Review Team (QRT)

1. Dr. S.K. Pandey, Former Director, CPRI, Shimla  
78, Marutipuram, Faizabad Road, Lucknow-226016 (U.P.) 

Chairman 

2. Dr. V. A. Parthasarathy, Former Director Indian Institute of Spices 
Research (IISR), P.B. No. 1701, Marikunnu, Calicut-673012 (Kerala) 

Member 

3. Dr. V.K. Gupta, (Retired Dean, CSK, HPKVV, Palampur); Godavari 
Kunj, Khundidhar, Post Office Shamti, Rajgarh Road, Solan-173212 
(H.P.). 

Member 

4. Dr. R.P. Gupta, Director, National Horticultural Research & 
Development Foundation, Chitegaon Phata, Post Darma Sangvi, Tq. 
Niphad, District Nashik-422001 (Maharashtra).  

Member 

5. Dr. B. B. Lal Kaushal, Retired Professor & Head, Post Harvest 
Technology, House No. 21, Scientist colony, Khundidhar, Post Office 
Shamti, Distt. Solan,-173212 (H.P.).  

Member 

6. Dr. P.S. Sirohi, Ex-Head (Vegetables), IARI, EA-172, Near Arya 
Samaj Mandir, Inderpuri, New Delhi 110 012.  

Member

7. Dr. D. R. Bhardwaj, Principal scientist 
Division of Vegetable Improvement, IIVR, Varanasi-221305 (U.P.),  

 Member Secretary 

 

Annexure IV
Institute Joint Staff Council (IJSC)

Dr. P. S. Naik Director Chairman 

Staff Side Elected members 

Sh. Ajayan P. Administrative Category Member Secretary staff side 

Sh. Shubash Chandra Technical Category Member, CJSC 

Sh.  Pankaj Kumar Singh Technical Category Member 

Sh. Rajesh Kumar Rai Administrative Category Member 

Sh. Anil Kumar Suman Supporting Category Member 

Sh. Sivaji Mishra Supporting Category Member 

Office side nominated members 

Dr. A. B. Rai Scientific Category Member 

Dr. H.C. Prasanna Scientific Category Member 

Dr. P.K. Singh Scientific Category Member 

Dr. Sunil Gupta Technical Category Member 

Sh. D.D. Verma Administrative Category Member 

Sh. Sumit Kumar Jindal Administrative Category Member 
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Annexure V
Distinguished Visitors

Mr. S M Karuppanchetty, Chief Operating Officer, Agri-Business Incubation (ABI) Programme, ICRISAT visited during
17.10.2013 on the occasion of Sensitization Programme for Scientists, Administration & Entrepreneurs on Business
Planning & Development Unit.

Dr. N K Krishna Kumar, DDG (Horticulture Science) visited on Septtember 28,  2013 during Launching of BPD Unit,
IIVR and Brainstorming on Okra.

Dr. S. N. Sushil, Plant Protection Advisor to Govt. of India visited on 30th October 2014 on the occasion of training on
Emerging Trends in Plant Protection Inputs and Appliances for Safe & Quality Vegetable Production during 21-30
October, 2013.
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Prof. B. D. Singh visited on 30.12.2013 during Biosafety
Meet at IIVR.

Sh. K. Chandramouli, Chairperson, FSSAI and Sh. S. Dave, Advisor, FSSAI visited on 17.04.2013 for discussion in
reference to the establishment of National Referal Laboratory at IIVR, Varanasi

Dr. Rajendra Kumar, Director General of UPCAR visited
on 20.11.2013.

Dr. K. V. Peter, Former Vice-Chancellor, KAU and Chairman, RAC  along with other committee members visited
on 22-23 January, 2014 during 16th RAC of the Institute.
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Dr. Rameshwar Singh, Project Director, DKMA visited
on 24-25 January, 2014 during Annual Review Workshop
on NAIP- Sub Project “Mobilizing Mass Media Support
for Sharing Agro Information”.

Dr. G. Kalloo Former Vice-Chancellor, JNKVV, Jabalpur visited on 01.02.2014 during National Farmer’s Fair and Vegetable
Exhibition.
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Annexure VI
List of Ongoing Research Programme/Projects

A.  Institutional

 

Division of Vegetable Improvement 
MEGA PROGRAMME-1 INTEGRATED GENE MANAGEMENT 
Sub Project 1.1  Management of Vegetable Genetic Resources Including Under-Utilized Crops 
Sub Project: 1.2 Genetic Improvement of Solanaceous Vegetables  
Sub Project 1.3 Genetic Improvement of Legume Vegetables 
Sub Project 1.4 Genetic Improvement of Gourds 
Sub Project 1.5 Genetic Improvement of Melons, Pumpkins and Cucumber 
Sub Project 1.6 Genetic Improvement of Okra 
Sub Project 1.7 Genetic Improvement of Cauliflower 
Sub Project 1.8 Transgenic and regeneration protocols 
Sub Project 1.9 Biotechnological interventions for improvement of selected vegetable crops 
Sub Project 1.10 Genetic improvement of underutilized vegetables, including vegetable soybean, leafy 

and root vegetables 
MEGA PROGRAMME-2 SEED ENHANCEMENT IN VEGETABLES 
Division of Vegetable Production
MEGA PROGRAMME-3 PRODUCTIVITY ENHANCEMENT THROUGH BETTER RESOURCE 

MANAGEMENT 
Sub Project 3.1 Technologies for Protected and Off-Season Vegetable Production 
Sub Project 3.2 Precision Farming in Vegetable Crops 
Sub Project 3.4 Impact of Organic And Inorganic Management Systems on Vegetable Productivity, 

Quality and Soil Health  
Sub Project 3.5 
 

Improving Soil Health and Carbon Sequestration In Vegetable Production System 
through Conservation Tillage and Residue Incorporation 

Sub Project 3.6 Enhancing Water and Nutrient Use Efficiency in Vegetable Crops 
Sub Project 3.8 Performance of Vegetable Crops Under Subsurface Drip Irrigation System 
MEGA PROGRAMME-4  POST HARVEST MANAGEMENT AND VALUE ADDITION 
Sub Project 4.1: Shelf Life Extension for Preservation of Vegetable
Sub Project 4.2:  Exploration of Vegetable Nutraceuticals for the Development of Functional Foods 
MEGA PROGRAMME-5  
 

PRIORITIZATION OF R&D NEEDS AND IMPACT ANALYSIS OF 
TECHNOLOGIES DEVELOPED BY IIVR 

Sub Project 5.1 Research Prioritization of Vegetable Crops 
Sub Project 5.2 Impact of Improved Vegetable Technologies Developed by IIVR 
Division of Vegetable Protection 
MEGA PROGRAMME 6  INTEGRATED PLANT HEALTH MANAGEMENT 
Sub Project 6.1 
 

Bio-Intensive Management of Major Insect Pests of Vegetables in the Current Scenario 
of Weather Change 

Sub Project 6.2 Toxicological investigations on the novel insecticide molecules and plant origin 
insecticides against major insect pests of vegetables 

Sub Project 6.3 Biological Control of Major Insect Pests of Vegetable Crops 
Sub Project 6.4 Management of Important Fungal Diseases of Vegetable Crops 
Sub Project 6.5 Bioprospectingof Microorganisms Associated with Vegetable  Against Plant Pathogens 
Sub Project 6.6 Management of ImportantBacterial  Diseases  of  Vegetable  Crops 

Sub Project 6.7 Development of diagnostickits for major viral diseases of vegetable crops 

Sub Project 6.8  Management  of  MajorViral  Diseases  of  Vegetables 
Sub Project 6.9 Management of Nematodes Infesting Major Vegetable Crops 
Sub Project 6.10 Dynamics of pest and diseases and development of forecasting models 
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B.  Externally Funded

 

Name of Projects Funding Agency 

Division of Vegetable Improvement  

1. Application of microorganisms in Agriculture and allied sectors (AMAAS). 
Sub theme: Structural genomics of Meszorhizobium ciceri Ca 181 

ICAR 

2. Network Project on Transgenic Crops (NPTC) NAIP, ICAR 

3. Bioprospecting of genes and allele mining for abiotic tolerance NAIP, ICAR 

4. Gene expression studies and development of functional markers for 
anthracnose disease in Capsicum species 

DST 

5. Validation of DUS guidelines of cucurbits i.e., watermelons and  muskmelon PPVFRA 

6. National initiative on climate resistant agriculture (NICRA) NAIP, ICAR 

7. Business planning and development (BPD) unit NAIP, ICAR 

Division of Vegetable Production  

1. Application of microorganisms in Agriculture and allied sectors (AMAAS) 
Sub Theme:- Assessment of nisin  production in selected strains of lactic acid 
bacteria and market acceptability 

ICAR 

2. Ensuring livelihood security through watershed based farming system 
modules in disadvantaged   districts of Mirzapur and Sonbhadra in 
Vindhyan region 

ICAR 
NAIP 

3. Tribal Sub-Plan (TSP) for schedule tribes of Sonbhadra district in Uttar 
Pradesh (National Assignment by ICAR, New Delhi under 12 th Plan 2012-17) 

ICAR 

4. Mobilizing mass media support for sharing Agro- information NAIP 

Division of Vegetable Protection  

1. Application of the microorganisms in agriculture and allied sectors 
(AMAAS)  
Sub theme:- Nutrient management, PGPR and Biocontrol 

ICAR 
 

2. Outreach project on Phytophthora, Fusarium and Ralstonia diseases of 
Horticultural and Field crops 

ICAR 
 

3. Outreach programme on leaf spot diseases of Horticultural and Field crops ICAR 

4. NICRA project “Real Time Insect Pest Surveillance (RTPS) in Tomato Crop” ICAR 

5. Establishment of association of begomovirus species with yellow vein mosaic 
disease in wild cultivated species of okra and identification of source of 
resistance to the most predominant virus. 

NFBS&AR 

AICRP (Vegetable Crop)  

1. Central Sector Scheme for protection of plant varieties and farmers’ rights PPVFRA 

2. Central Sector Scheme for Cucurbits PPVFRA 






