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1. Phenacoccus madeirensis: a mealybug, of late gaining importance as a pest of cotton

2. Anagyrus amnestos: a potential biocontrol agent of P. madeirensis

3. Pseudococcus jackbeardsleyi. an invasive mealybug that is a new entrant to India

4. Cryptolaemus monirouzien. a ladybird predator; could be used to manage P. jackbeardsleyi

5. Quadrastichus erythrinae: a serious gall wasp pest of Erythrina

6. Orius (Dimorphelfa) tantillus: anthocorid predator of thrips and mites

7. Catacanthus incamatus: a pentatomid pest of cashew

8. Samia cynthia: eri silk moth, the eggs of which can be used to rear Trichogramma chilonis

8. Bactrocera cucurbitae: a serious fruit fly pest of cucurbits

10. Phenacoccus solenopsis: a pest that devastated the cotton crop in 2005-09; now being effectively controlled by the
parasitoid Aenasius bambawalei

11. Chlorocylus indicus: a parasitoid of several insects that bores into herbs

12. Aphis gossypii: a polyphagous pest and vector of several plant viruses

13. Bicdiversity hotspots in India: Priority areas for the exploration of insect biodiversity
(Map not drawn to scale and regions demarcated in green are only indicative)
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PREFACE

It was in mid 2009 that the NBAII came into
being with the objective of documenting the insects
and other arthropods in the agroecosystems of our
country. Although agricultural entomology was one
of the main areas of study since British times the task
of documenting them remains largely unfinished. Most
studies have concentrated on insect pests that cause
significant damage to major crops in the country.
Studies on natural enemies having the potential (o
control some pests have also been made. The vast
majority of insects including other arthropods,
whether herbivores, detritivores, pollinators, preda-
tors or parasitoids remain unstudied and many remain
unknown in our agroecosystems. To add to this, no
institution in the country can lay claim to housing a
reference collection of even those insects and
arthropods that we know are present in our
agricultural fields. In this context it should be borne
in mind that agroecosystems are not self contained.
water-tight units: they exchange biotic elements with
other ecosystems making the study of all ecosystems
anecessity. NBAII has now been entrusted with the
task of building up a reference collection backed by
competent taxonomy to fill up this lacuna. Besides,
NBAII is also mandated to be a source of live insects
and insect related resources which now stand at

around 400,

Taxonomic expertise at the Bureau being limited.
it has been planned to execute studies by selecting
insect taxa on the twin bases of importance in
agriculture and the paucity of studies on them. During
2013-2014 taxonomic studies including barcoding
have progressed remarkably on groups like
Coccinellidae, Mymaridae, Trichogrammatidae,
Platygastridae, Coccoidea, Aphididae. Pteromalidae,
Eucharitidae and Braconidae (Microgastrinae ). Work
has also been initiated on Cerambycidae, Syrphidae,
Pentatomidae, Formicidae. Acarina, etc.

The insect systematics network in collaboration
with [ARI has been very fruitful. In the last one year

32 new species have been recorded and added to
science.

The diversity of entomogenous nematodes and
insect pathogens (bacteria, fungi and viruses) is also
being studied as they form an integral part of insect
resources. In addition to conventional morphological
taxonomy, molecular tools are also being deploved
to study these organisms. E-resources are being
developed for the identification of insect groups being
studied at the Bureau by taxonomists, farmers and
students from across the country. Bioinformatics is
also being developed to facilitate insect molecular
study and documentation on a global scale.

A constant vigil is being kept to detect the entry
of invasives. A database of probable invasives and
their natural enemies is being maintained and updated
to ensure that we are in a state of preparedness to
initiate measures for their control in the event of their
appearance in our agricultural landscapes. Established
invasives like the papaya mealybug and eucalyptus
gall wasp are being monitored to prevent flare-ups.

Work on chemical characterization of insects
focusing on pheromones and other semiochemicals,
studies on the impact of climate change on insects of
importance in agriculture and on the application of
nanotechnology in pest management are also being
investigated as components of insect bio-resources
for use in IPM across the country.

Veterinary and aquatic entomology (with
particular reference to aquaculture ), two areas with
respect to insects which have suffered a long period
of neglect in the country, have been taken up.
Buarcodes have been generated for a number of insects
atfecting livestock for the first time in our country.
The Center tor Insect Bioinformatics, established in
October 2013 and equipped with high performing
computing systems and many genomics and
proteomics commercial software, is hosting the
websites Insect Barcode Informatics (/B8fn). Insect
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Pest info (ilnsectinfo) and Insect Genomics
{iGenBank). The Centre has also developed an
efficient technique for understanding insecticide
detoxification, with reference to cytochrome P450
enzymes of Helicoverpa armigera and
Trichogramma caceeciae using in-silico docking
technique.

NBAII continues to be the backbone of
biocontrol in India with over 100 insects and 300
insect related resources kept alive and shipped to
end users, commercial entrepreneurs and SAUs. In
the last year nearly a thousand live shipments have
been made. Biological control technologies
developed at the Bureau are being field-tested with
the assistance of many centres spread across the
various agro-ecological regions of India.

An insectarium, perhaps a first for the country,
was declared open on the National Science Day (28"
February 2014); a fitting tribute to Sir C.V.Raman
who incidentally was an ardent insect lover and
collector. This houses about 28 live insects and
readable charts for children and farmers.

Another feather in the cap of the Bureau was
the establishment of a Pollinator Conservation Garden
on the 25 acre farm in Yelahanka.

The heat and insecticide tolerant strains of
Trichogramma and Chrysoperla were widely field-
demonstrated. Besides at least a dozen insect-
resource related products were sold fetching a
revenue of about Rs.14.50 lakh.

The Bureau was always on top in imparting highly
professional and modemn insect-related training to
more than 200 scientists.

Technologies developed have no meaning unless
they reach the stakeholders. Biological control
technologies generated at NBAIl and AICRP centres
have been demonstrated through field demonstrations,
training and large plot trials. Extension activities
through TV telecasts, radio talks and publication of
DVDs and bulletins provide wider access to
technologies generated by NBAIL
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Institute meetings such as RAC, IRC and IMC
were conducted and recommendations were taken
for focusing and reorienting our research and
administrative programs.

The work carried out by NBAII could not have
been more refined but for the timely and critical
interventions of the Honourable Secretary, DARE
and Director General, ICAR Dr. 8. Ayyappan. We

express our sincere gratitude to him.

The periodical suggestions and reviews by Dr.
Swapan Kumar Datta, DDG (CS) helped us in
reorienting of our research activities.We are highly
grateful to him.

Our sincere thanks to Dr. T. P. Rajendran
retired ADG (PP) and Dr. P. K. Chakrabarty, ADG
(PP) who helped us improve our performance.

The critical analysis and future road maps for
our research programs drawn up by our RAC headed
by Dr. C. A, Viraktamath, Professor (Emeritus),
Department of Entomology, University of Agricultural
Sciences, Bangalore are gratefully acknowledged.

The generous help and support extended to
NBAII by Shri Arvind R. Kaushal. Additional
Secretary, DARE and Secretary, ICAR,
Mr. Pradeep Kumar Pujari, Additional Secretary,
DARE and Financial Adviser, ICAR, Mr. Devendra
Kumar, Director (Finance), ICAR, Mr. J. Ravi,
Director, Personnel and Administration, ICAR,
Shri Sujit Mitra, Director (Crop Science), ICAR
and Dr MLP. Singh. Chief Technical Officer (PP),
ICAR are gratefully acknowledged.

The achievements of NBAII could not have
been possible but for the support of the scientific,
technical, administrative staft, research fellows and
contractuals, | take this opportunity to thank them in

all sincenity.
A VL —

Abraham Verghese

June, 2014 Director
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EXECUTIVE SUMMARY

The National Bureau of Agriculturally Important
Insects is the only institution in the country that is solely
involved in the collection, cataloguing and
conservation of insects and related organisms of
importance like mites, spiders and microbes/
nematodes associated with arthropods, from the
agroecosystems of our country. The Divisions of
Insect Systematics, Molecular Entomology and Insect
Ecology at the Bureau undertake basic research on
agriculturally important insects and their associated
organisms (including entomopathogenic nematodes
and pathogens) while it formulates and coordinates
work on the biological control of crop pests by
networking across a number of institutions in the
country under the All India Coordinated Research
Project (AICRP) on Biological Control of Crop
Pests. Summarized below are the results of the
research undertaken during 2013 —2014 in the three
Divisions of the Bureau as well as the AICRP on
Biological Control of Crop Pests.

Insect Systematics
Surveys

Exploratory surveys for insects and related
organisms were undertaken in the states of Kerala,
Andhra Pradesh, Tamil Nadu, Assam, Meghalaya.
Odisha, Maharashtra, Uttar Pradesh, Tripura.
Karnataka and Jammu and Kashmir,

Digitization of type specimens

A total of 106 types were documented including
50 primary types. Digitization of 15 primary types
was completed. Webpages have been created for
type specimens in NBAIT's holdings.

Biosystematics of Trichogrammatidae

Ten genera of Trichogrammatidae were collected
in addition to Trichogramma and
Trichogrammatoidea. Megaphragma. a genus
comprising some of the smallest insects, known earlier
from Karnataka and Uttar Pradesh were collected
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for the first time from Orissa and Meghalaya.
Trichogramma cuttackensis collected from
Bhubaneshwar is the first species of Indian
Trichogramma for which pseudogenes were
detected.

Scanning electron microscopic studies of the
genitalia of Trichogramma rabindrai and
Trichogrammatnidea armigera have been
completed aiding identification.

Biodiversity of oophagous parasitoids with
special reference to Scelionidae

Fifty two genera under five subfamilies have
been recorded from India. An additional five genera
are now being added raising the total to fifty seven.
Twenty seven additional genera of Platygastroidea
have been discovered from Odisha.

Mantibaria kerouwaci, Allotropa
gundlupetensis, A. vanajae. A. nigra, Amblvaspis

fabrei, A. panhalensis, A. charvakae, A. ashmeadi

and A. tipusultani are nine new species of
Platygastroidea that were discovered and described,
Sceliocerdo viatrix, a species phoretic on
grasshoppers was redescribed.

Biodiversity of economically important
Microgastrinae

Five species of parasitic wasps (Coresia
erionotae, Charops plautus, Oeencyrtus
papilionis, Leptobatopsis indica including a new
species, Dolichogenidea cinnarae) associated with
hesperiids from peninsular India have been
documented.

A new species of gregarious endoparasitoid,
Parapanteles echeriae bred from Abisara echerius
(Lepidoptera: Riodinidae) is described and illustrated.
Two new species of Glvprapanteles (G clanisae,
G trilochae) and one new species of Buluka (B.
fiormi) have also been described from South India
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Biodiversity of aphids , coccids and their natural
enemies

Metaceronema japonica, Stictacanthus
azadirachtae, Shivaphis celti and Odonaspiy
greenii were recorded for the first ime from
Karnataka. Planococcus bendovi, Crenochiton
olivaceum. Macrosiphum euphorbiae and
Milviscutulus mangiferae were recorded for the first
time from South India. Marsipococeus icervoides,
Ceronema frveri, Maacoccus piperis, Trijuba
aculara, FProtopulvinaria longivalvara,
Paralecanium ovarum, P vacuum, P. mancum,
Eriococcus coccineus, Duplaspidiotus claviger,
Exallomochlus philippinensis and Astegoptervy
pallida were recorded for the first time from India.

Twenty nine species of parasitoids were
recorded from 43 species of coccids out of which
one species of parasitoid was a new record from
India. eight were new records from Karnataka and
four were new host associations.

Collection and identification of Cerambycidae

Five species of cerambycids Acanthophoris
serraticornis, Batocera rufomaculata,
Chelidonium cinctum, Stromatium barbatum and
Xvlotrechus guadripes have been collected,
identified and added to the collection. A key to the
subfamilies of adults of Cerambycidae has been
developed.

Biosystematics and diversity of entomogenous
nematodes in India

Of the 172 soil samples collected from various
places in Jammu & Kashmir and Karnataka. only
one sample contained EPN which has tentatively been
identified as Steinernema sp.

Molecular Entomology

Molecular characterization and DNA barcoding
of insect pests

More than 500 insects and arachnids were
barcoded using primers specific to cytochrome
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oxidase (COL). These insects and arachnids
belonged to 162 species in eight Orders ( Hemiptera,
Diptera, Lepidoptera, Coleoptera. Hymenoptera,
Mantodea, Isoptera . Araneae and Ixodida) and 63
families. All sequences agreed with Folmer’s region,
=550 bp with complete species information for 46
species for which Barcodes were generated. The
percentage-wise characterization of 162 species was
Hemiptera (29.6% ), Lepidoptera (22.2%), Diptera
(16.7%), Coleoptera (12.3%), Hymenoptera
(L1.7%), Mantodea (1.9%), Isoptera (1.29%),
Araneae (2.5%) and Ixodida (1.9%).

Molecular characterization and DNA barcoding
of parasitoids, predators and pollinators

Molecular characterization (using cytochrome
oxidase 1{CO1) region ) was done tor the following
parasitoids; Aprostocetus gala (KF817576),
Terrastichus schoenobii (K1627790), Chelonus
blackburni (KF365461). Bracon hebetor (Kl
627789), Quadrastichus mendelil KF8T9806),
Aprostocetus pala (KF958278), Sceliocerdo
viatrix (KF938928), Pseudleptomastix mexicana
(KF365460). Leptomastix nigrocincta
(KJ489424); pollinators namely Apis florea
(KFB17578), Apis cerana indica (KF861941),
Megachile anthracina (KF861940), Apis
dorsata (K1513470); predators namely
Amphiareus constrictus (KF817577), Xvlocoris
favipes (KF365462), Blaptostethus pallescens
(KF365463), Buchananiella indica
(KF 383326), Cardiastethus affinis (KF 383326),
Sevmnus nubilus (KF861939), Isolia indica
(KJ489423), Cheilomenes sexmaculata
(KF998579) and a weed killer Teleonema
scrupnlosa (KF817579).

Insecticide resistance / insect endosymbionts

Insecticide resistance bioassays against brinjal
shoot and fruit borer, Leucinodes orbonalis revealed
high levels of resistance to Phosalone and Fenvalerate
in Nagpur and Varanasi populations. Enhanced
midgut carboxylesterase activity was noticed in
resistant populations.
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Gut microflora of geographical populations of
the parasitoid Cotesia vestalis, a parsitoid of the
diamond back moth larvae were isolated, identified
and characterized. Degradation of insecticides by the
bacterial endosymbionts, Bacillus sp. and
Enterobacter cancerogenus was established
through minimal media and LC-MS studies.
Variations in geographical populations based on heat
shock proteins (Hsps) were studied. Hsps
contributing to the sustenance of the parasitoid under
stressed conditions were detected.

The endosymbiotic bacterial genera
characterized from different leathopper species were
Enterobacter  spp.,  Stenotrophomonas
maltophilia, Bacillus spp. Micrococcus spp.,
Lysinibacillus fusiformis, Microbacterium,
Agrococcus and Staphviococcus. The bacteria
Enterobacter cloacae and Bacillus pumilus showed
in vitro acephate tolerance. The bacterial
endosymbionts associated with aphids identified
based on 165 rDNA sequences were Bacillus
arvabhattai, B. cereus, B. firmus, B. horikoshii,
B. jeotgali, B. massiliensis, B. subtilis,
Exiguobacterium indicum, Moraxella osloensis
and Paenibacillus lautus.

Studies on entomopathogenic nematodes (EPN)

Genomics and transcriptomics on genes and
pathways related to virulence and pathogenesis of
four Indian strains of bacterial symbionts associated
with EPN were done. The control of whitegrubs in
red gram and fodder grass using EPN was
demonstrated. Two technologies on production,
down-stream processing and development of WP
formulations of EPN and Pochonia chlamydosporia
were licensed and transterred o Allwin Industries,
Indore. EPN strains of NBAII including
Heterorhabditis indica, Steinernema carpocapsae,
8. abbasi were screened against Lepidiota
mansueta in Majouli Island in groundnut and
vegetables. EPN formulations against white grubs,
cutworms and termites were evaluated through
AICRP centre at Jorhat, Assam.

“‘\ NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS

A total of 172 soil samples were collected from
mulberry fields of four villages of Jammu and Kashmir,
forest vegetation of Monughat (Dhalali, Tripura) and
coffee, arecanut, sugarcane, vegetable fields of
villages of Karnataka for the isolation of EPN.
Steinernema sp. was obtained from one sample when
soil was baited with larvae of the moth, Galleria
mellonella.

Bi-cry gene diversity in hot and humid regions

CryZA CDS (2.2 kb) obtained from eight
isolates were cloned in E. coli for further studies.
The full length gene sequencing of 1.9 kb cry3a
(coleopteran specific gene) was done. The 2.37 kb
Vip3A (lepidopteran specific gene) and 3.6586 kb
crydAc (lepidopteran specific gene) was done using
primer walking. The sequences were then sub cloned
into E. coli expression system. The dipteran toxic
crv2A, ervl7A, crvdA and crvd4 Ba were identified
through PCR analysis. The identification of cryd4Ba

is a first report from India.

Seven Brisolates expressing the coleopteran
specific ervIA gene were tested against the
coleopteran pest Sitophilus oryzae. along with the
standard strain (4AA1). The isolate BtAN4 was
equally toxic as the standard strain and was the most
toxic among the indigenous isolates tested. BrAN4
showed the least LC_ value of 89.65 pg/ml and the
standard strain showed LC, | value of 85.26 pg/ml.

It was followed by TrBt10 which showed an LC_|
value of 96.16 pg/ml.

Insect Ecology
Diversity of anthocorid predators

Anthocorid predators were collected from
different host plants. The anthocorids Buchananiella
indica trom crossandra, Amphiareus constrictus
from sugarcane and Anthocoris muraleedharani
from Ficus were amenable to rearing on alternate
laboratory host eggs. Blaptostethoides pacificus
from sugarcane and Orits amnesius from rose were
first records for India,
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Studies on biology and feeding potential of
Amphiareus constrictus

The anthocorid predator Amphiareus
constrictus was collected for the first time from
sugarcane in Mandya, Karnataka. It was amenable
to production wsing UV-irradiated Corcyra
cephalonica eggs. The total developmental period
wits 16.4 days. Total male feeding potential was 86.7
eges per day. An adult female could feed on 93.5
eggs.

Studies on anthocorid predator Buchananiella
indica

Buchananiella indica was amenable to
laboratory rearing on alternate laboratory host eggs.
It has been reared for more than 10 generations in
the laboratory,

Threshold temperatures for Xylocoris flavipes

The developmental threshold temperatures for
incubation, nymphal and total development of
Xvlocoris flavipes were recorded as 7.85, 12.28
and 11.8 °C, respectively.

Diversity of bioagents and their amenability to
rearing

Trichogramma danaidiphaga was able to
parasitise Corcyra eggs in the laboratory. Telenomiis
sp. was amenable to rearing on Spodoptera litura
eges. Anastatus acherontiae was amenable to
rearing on eri silkworm eggs. Anasratus
bangaloriensis was amenable to rearing on eri silk
WOrm eggs.

Oviposition behaviour of Helicoverpa armigera
on pigeonpea plants under elevated CO,

Females of H. armigera laid more eggs on
pigeonpea grown at 500 ppm of CO, + 2°C
compared with plants grown at ambient conditions.

Volatile profile of pigeonpea under elevated CO,

Plants grown at 500 ppm of CO, showed the
presence of compounds like ¢t copaene in addition
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to an array of volatiles, which may be responsible for
the attraction of females.

Incidence of Liriomyza trifolli on tomato grown
under elevated CO,

The incidence of Liriomyza trifolii was
significantly higher in the chambers with elevated levels
of CO, and temperature.

Plant-based and an oil based formulation to
attract Bactrocera dorsalis

The new formulation was more effective than
methyl eugenol in terms of trapping the fruit fly
Bactrocera dorsalis. Further a gel-like oil based
formulation of methyl eugenol showed promising
results in attracting B. dorsalis, obviating the need
to add toxicants,

Plant volatile-based deterrent for Helicoverpa
armigera

Three formulations of plant-derived volatile
compounds were tested for their efficacy as deterrents
for Helicoverpa armigera on chickpea.

Occurrence of papaya mealybug on papaya and
other plants

Acerophagus papavae was found in all the
places wherever papaya mealybug was observed.
A. papayae parasitized up to 72% on Hibiscus.
About 84-86% parasitization was observed on
Parthenium and 72-79% on Sida acuta and
Acalvpha.

Host range of Jack Beardsley mealybug

Jack Beardsley mealybug. Psendococcus
jackbeardsleyi, was found in Tamil Nadu and
Karnataka. Cryprolaemus montrouzieri, Spalgis
epius and gnats were keeping it under check.

Mass  production of Pseundococcus
Jackbeardsleyi on potato sprouts and pumpkin

Pseudococcus jackbeardsleyi could be cost-
effectively produced on potato sprouts and mature
green pumpkin.

NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS /’"
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Eucalyptus gall wasp managment

Leptocvbe invasa, the eucalyptus gall wasp,
was effectively managed by the release of
Quadrastichus mendeli. It has been established in
Uttar Pradesh. Punjab and Uttaranchal.

Ervthrina gall wasp managment

Aprostocetus gala was found to be the major
parasitoid of Quadrastichus ervthrinae with up to
46%: parasitization.

Cecidochares connexa for biocontrol of
Chromolaena odorata

New releases were made in  Jharkhand in
collaboration with Directorate of Weed Science
Research, Jabalpur. Surveys showed that the fly has
established in Kerala.

Collection, docamentation and identification of
non-Apis bees on different host plants

Over 200 specimens of bees belonging Apidae,
Megachilidae, Anthophoridae, Halictidae have been
collected on different host plants, labelled and
preserved (both pinned and wet collection) for
identification. Nest-building activity of a megachilid
was studied in detail and documented.

Establishment of a “Pollinator Garden’

A “Pollinator Garden™ has been developed
in about 0.7 acres at the Yelahanka campus. It
has over 70 species of plants (trees, shrubs, herbs
and climbers) belonging to diverse families
which are known to be attractive to many pollinators.

Morphological characterization of gut
microflora

A total of 37 culturable gut bacteria and a
culturable veast were characterized and identified
from 13 live populations of Amrasca biguttula
biguttula, Empoasca spp.. Nephotettix
nigropictus, Bothrogonia and Nilaparvara lugens,
which were exposed to insecticides.

Characterization and identification of culturable
bacteria

The bacteria associated with Amrasca
bigurtula bigutrula were Microbacterium imperial,
Bacillus arvabharteai, Staphylococeus epidermidis,
Janibacter anopheles, Bacillus
Staphyvlococeus aureus, Micrococeus luteus,
Agrococcus  terreus, Bacillus  cereus,
Staphvlococcus warneri, Staphvlococcus
hominis, Staphvlococcus arlettae, Pseudomonas
sturzeri, B. pumilus and Enterobacter spp.
Enterobacter cloacae, Stenotrophomonas
maltophilia, B. firmis, E. cloacae, Kocuria
kristinae, Stenotrophomonas maltophi and B.

Cerens,

fexus were associated with N. nigropictus.

Empoasca spp. harboured B. stratosphericus and
Micrococcus spp. Lysinibacillus fusiformis was
obtained from Bothrogonia sp. Wolbachia was
detected in Bothrogonia sp. and A, bigurtula
biguttula.

Growth of Enterobacter cloacae in different
concentrations of acephate

Maximum growth of Enterobacter cloacae
was recorded in the minmimal broth after 3 days of
inoculation in all concentrations of acephate as
compard to control. The maximum 0D value
recorded was 1.0 at 3 days after inoculation under
50 ppm concentration of acephate as compared to
control where it was (.8,

Growth of Bacillus pumilus in different

concentrations of acephate

Maximum growth of Bacillus pumilus was
recorded in the minimal broth after 3 days of
inoculation in all concentrations of acephate.

Production of digestive enzymes by the
microflora associated with Amrasca biguttula
biguttula

Micrococcus luteus, Agrococcus terreus,
Acinetobacter hereziniae, Protens mirabilis,
Pseudomonas sttzeri produced amylase.
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Identification of viruliferous leafhoppers from
direct field collections

Out of the 15 species of leathoppers belonging
to 5 subfamilies of Cicadellidae tested, only
Batracomorphus angustatus, Cicadulina
bipuncrata, Exitianus indicus, Hecalus sp.,
Hishimonus phyeitis, Nirvana pallida and Orosius
albicinctus were found to be viruliferous based on
symptom production in brinjal, sesame and/or
periwinkle.

Feeding processes of putative insect vectors

A comparative analysis of the mouthparts of
Hishimonus phyeitis and Orosius albicincrus
indicated only minor perceptible differences between
the two. In general, on both sesame and brinjal,
exploratory probing of H. phyvcitis was more
pronounced than that of Q. albicinctus.

DNA barcoding of three leathopper species

DNA barcoding was completed for Nirvana
pallida. H. phycitis and Orosius albicinctus, and
the nucleotide sequences were submitted to
GenBank.

Effect of entomoflungal pathogens on Bemisia
tabaci on tomato and capsicum

Lecanicillium lecanii (V1-8) and Beauveria
bassiana (Bb-9) significantly controlled whiteflies on
tomato(15.29 & 17.21 whiteflies/plant, respectively).
L. lecanii (V1-8) and B. bassiana (Bb-9) significantly
reduced whiteflies on capsicum (6.47 & 6.98
whiteflies/plant, respectively).

Field evaluation of entomofungal pathogens

against cabbage aphid

Among the nine fungal pathogen isolates tested,
Bb-54, Ma-6 and VI1-8 isolates showed 60.0-

68.25% reduction over control.

Extraction of metabolites from tomato for use
in the development of nanosensors

GC-MS spectroscopic analysis of 20-day-old
leaves and stems of tomato detected a total of 47
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metabolites. Twenty-one metabolites in the stems and
14 metabolites in the leaves were considered as major
metabolites and were identified as targets for
developing nanosensors.

Chemical profiling of Bactrocera dorsalis and
B. caryeae

Metabolite signatures (NMR) provided a
valuable method for identifying the larval stages of
two species of Bactrocera species.

MNon-target effects of chitosan-alginate
nanoparticles on Chrysoperla zastrowi sillemi

There was no significant effect of continuously
feeding the larvae of Chrvsoperla zastrowi sillemi
with Corcvra cephalonica ecgs mixed with chitosan
alginate nanoparticles.

All India Coordinated Research Project on
Biological Control of Crop Pests

Biodiversity of biocontrol agents from various
agroecological zones

In rice ecosystem of West Bengal, 117 species
belonging to 8 orders and 63 families of insects and
spiders were collected and identified, of which 45,
44 and 24 were pest species, predators and
parasitoids, respectively. Three species of parasitoids
collected from eggs of Scirpophaga incertulus and
S. fuscifluaviz were Tetrastichus schoenobii,
Trichogrammua japonicum and Telenomus sp. The
red long winged planthopper, Diostrombus polites
was abundant in Kalimpong. The skipper Parnara
guttata was prevalent with 75 per cent parasitisation
by Apanteles sp. The fungus causing mycosis in rice
bugs (Leptocorisa sp.) was identified as
Acremonium liolii.

In vegetable growing areas of Uttar Pradesh,
the mealy bug Phenacoccus solenopsis was
recorded on tomato, brinjal, Capsicum. pointed
gourd and okra, Centrococcus insolitus was noticed
on brinjal. Two prominent endoparasitoids viz.,
Aenasius bombawalei and Promuscidea
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unfasciativentris (Hymenoptera: Encyrtidae) of
P. solenopsis were noted.

In banana ecosystem of Kerala the earwig,
Auchenomus hincksi (Dermaptera: Labiidae) was
noticed as an egg predator of the pseudostern weevil.
Paralabis dohrni Charhospania nigriceps and
Euborellia shabi (Dermaptera: Labiidae) were found
feeding on eggs and early instar grubs of the banana
rhizome weevil. The coccinellids on the banana aphid
were Pseudaspidimerus trinotatus. Scvmnus
pvrocheilus, Jaurovia soror, Scyvmnus spp..
Cheilomenes sexmaculata and Sticholotis sp. In
pepper, spiders like Bavia kairali, Oxvopes
Javanus and 0. swetha were found predating on
pollu beetle. In cotton the parasitoid of flower midge
was identitied as Ecrizotomorpha sp.

Trichogramma, Chrysoperla, Chelonus
blackburnii, coccinellids and spiders were the natural
enemies collected from south Telangana.

Natural enemies of 16 insect pests of fruit
crops were recorded from Kashmir. Among 40
species of natural enemies, 17 were parasitoids and
23 were predators. Aphidus sp. was recorded from
apple aphid. Aphis spiraecola and Trioxys sp. from
walnut aphid, Calipteras juglandis.

Biodiversity of diverse agroecosystems

In Maharashtra the natural enemies recorded
were coccinellids, Coecinella septempunctata,
Menachilus sexmaculata, Scymnus coccivora,.
Encarsia flavoscutellum, Dipha aphidivora,
Micromus igorotus, syrphids on sugarcane woolly
aphid in sugarcane, Coccinella transversalis, M.
sexmaculata, Brumoides suturalis. Scvmnus
coccivora,, and Triommara coccidivora in
mealybug colonies on custard apple, Acerophagus
papavae, Pseudleptomastix mexicana, Mallada
boninensis and Spalgis epius on papaya mealy bug
and Eublemma amahbilis on ber. In Solan one
species of Chrysoperla, 37 species of coccinellid
beetles, 20 species of hymenopteran parasitoids of
Liriomyza trifolif and/or Chromatomyia horticola,

“‘\ NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS

3 species of predatory thrips, 2 species of anthocorid
bugs, 9 species of syrphids and 9 species of predatory
mites were collected.

The egg parasitoid Trichogramma japonicum
was recovered from sugarcane top borer in Jalandhar.
In maize (Punjab) 7.5 to 35.8% natural parasitization
with Trichogramma was observed. In cotton 35 %
Trichagramma adults were obtained from field
deployed sentinel cards.

Eleven families, 25 genera and 34 species of
spiders were recorded in Kashmir and comprised of
Araneidae (7 species), Tetragnathidae (5 species)
and Salticidae (5 species). Dominant spider species
were Pardosa altitudis, Theridion sp.. Araneus
anantnagensis and Tetragnatha mandibulara. In
Gujarat seasonal abundance of predatory spiders in
rice ecosystem showed highest species richness for
Neascona theisi and Leucauge sp. In Rajendranagar
of Andhra Pradesh Tetragnatha was the most
abundant genus followed by Oxvopes.

One entomopathogenic nematode Steinermena
sp. (strain CISH 3) was isolated from mango orchard
of Sitapur district, Uttar Pradesh,

Surveillance for alien invasive pests

The papava mealybug Paracococcus
marginatus and Jack Beardsley mealybug
Pseudococeus jackbeardslevi were recorded in
Tamil Nadu and the incidence of sugarcane woolly
aphid was 14.8 %/6.23 sq.cm leaf area during July
to December 2013 whereas in Karnataka its
incidence ranged from 5 to 10 %. In cotton growing
areas of Telangana Phenococcus solenopsis was
predominant over Maconellicoccus hirsutus.

Biological suppression of diseases and
nematodes

At GBUAT a cost-effective WP/EC based
Trichoderma (Th-14) formulation and efficient
delivery system was developed. High sporulation was
observed in Jhangora grains amended with 5%
Jaggery (3.2x10" spores/g). Wheat plants treated
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with PEa-50 inducer rhizobactena reduced severity
of Bipolaris sorokiniana by 51.34 %. Rice brown
spot disease severity was significantly reduced by
Trichoderma isolates TCMS 5 (17.3%) and TCMS
14a (18.3%:) as compared to control (48.0%). In
Pasighat, bio-efficacy of CHF Ff~1 treated brinjal
recorded lowest wilt incidence (14.75% ) compared
to streptomycin (19.83%). The highest yield of
244.55 g/ha was also recorded in CHF Ff-1
treatment.

Biological suppression of pests in cereals and
pulses

Metarhizium anisopliae @ 2x10° spores / ml
caused mycosis in rice bugs. In sugarcane eight
releases of Trichogramma chilonis (tts) @ 50,000
per ha reduced the incidence of early shoot borer by
54.9 % and top borer by 52.2%. Twelve releases of
T. chilonis @ 50,000 per ha reduced stalk borer by
52.3 %. In sorghum, application of Metarrhizium
anisopliae (Ma 36 @ 5ml/L) resulted in 18.0%
reduction of dead hearts over control and was on
par with whorl application of carbofuran granules.

In Tamil Nadu spraying of Bt strain NBAII-
BTG4 @ 2% thrice was comparable with
chlorpyriphos 0.05% in reducing pod damage
(11.8%) of H. armigera and Maruca testulalis and
increased the yield (14.8 g/ha) of pigeonpea.
However pooled analysis revealed that least pod
damage (4.90 %) was observed with chlorpyriphos.
In Raichur NBAII BTG 4 Br @ 2ml/L recorded
10.84 % pod damage which was superior to the other
bioagents. The treatment recorded significantly higher
grain yield of 14.88 g/ha than other treatments.

Biological suppression of pests in oilseeds

In soybean, spraying of SINPV @ 250 LLE/ha
(1.5 x 10" POBs / ha) thrice was the most effective
in suppressing Spodeptera litura with 78.0 per cent
larval mortality and 21.95 g/ha yield of soybean.
Biosuppression of safflower aphid Urelencon
compositae was achieved through two sprays of
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Verticillium lecanii 1.0 % WP in non-spiny
safflower.

Biological suppression of pests in vegetables

In tomato the incidence of fruit borer was 6.4
to 8.6 % in BIPM as compared to 14.2to 15.8 % in
farmers’ practice at 75 to 105 DAT. The fruit yield
{36.80ta) was significantly higher in BIPM plot as
compared o farmers” practice (32.45vha) with a cost:
benefit ratio of 1:3.2. In brinjal two sprays of NSKE
and six releases of Trichogramma chilonis
significantly reduced the fruit and shoot damage by
sucking pests. Brumus suturoides @ 1500/ha,
Scymnus @ 1500/a and Cryptolaemus @ 1500/
ha significantly reduced the population of mealybug.
Release of T chilonis @ 50,000 parasitoid/ha
followed by spraying of NSKE 5% and B.
thuringiensis @ | L/ ha was significantly etfective
in suppressing the shoot { 10.6%) and fruit (15.3%)
infestation and increased the marketable vield of
brinjal (217.8 g/ha). Maximum reduction (68.2%)
of cabbage aphid in polyhouse was achieved by five
weekly releases of 2" instar grubs of Coccinella
septumpunctata @ 5 plant. Bt formulations, viz.,
PDBC BT | and NBAIIBTG 4 @ | and 2% were
significantly superior in reducing the larval population
of diamondback moth by 85.48 to 90.88 % over

control,

In potato, entomofungal pathogens Ma-4, Bb-
23 and Bb-5a of NBAII reduced the infestation of
D. arientalis with 19.0, 19.25, and 19.75 % infested
tubers. Maximum yield (83.90 g/ha) was obtained in
the plots treated with imidacloprid followed by Ma-
4 NBAII strain (83.12 g/ha) and malathion dust
(79.37 g/ha).

Biological suppression of pests in fruit crops

In mango, Metarhizium anisopliae @ 1 x 10°
spores/ml with adjuvant was found effective in
suppressing the hopper population ( 10.6 hoppers/
inflorescence) and increased fruit set (11.8 fruits/
inflorescence). Talc formulation of M. anisopliae
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(IIHR strain) @ |kg/100L recorded 77.1 % mortality
ol mango hoppers. In custard apple release of
Scymnus coccivora @ 10 grubs per tree twice
reduced mealy bugs M. hirsutus and F virgata and
increased the yield (34.9 kg/tree). In citrus, stem
injection of CAU-1 EPN isolate @ 50 ijs/ml of water
and as cadaver application against citrus trunk borer,
Anoplophora versteegi caused 37.22 and 36.43 per
cent reduction at Pasighat and Rengging. respectively.
In apple combined effect of Trichograma
embrvophagum, T, cacoeciae and pheromone trap
revealed maximum reduction of fruit damage
(27.66%) by codling moth ( Cvdia pomonella) at
Kargil. M. amisopliae ( 10° conidia/cm?) was the most
effective in controlling apple root borer, Dorvsthenes
hugelii resulting in 82.6 % mortality of larvae and
was on par with chlorpyriphos.

Biological suppression of pests in plantation

crops

No significant difference was noticed in reducing
the tea mosquito bug, Helopeltis theivora population
with B. bassiana IIHR strain (15.75/10 plants).
pestoneem (16.25/10 plants) and commercial
formulation of B.bassiana (17.25 /10 plants). In
coconut Opisina arenosella infestation caused
T74.4% leaf damage in Trivandrum during April 2013
but was brought down to 16.7% over a period of
nine months by release of larval parasitoids,
Goniozus nephantidis and Bracon brevicornis.
BIPM module evaluated against Alenrodicus
dispersus on cassava recorded a lower population
(76.93 per 5 plants) as compared to farmers’
practice (226.11 per 5 plants) and untreated check
(320.96 per 5 plants). Maximum vield was recorded
from BIPM module (36.79 t/ha) as compared to
untreated check (21.60 t/ha). The net profit and
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benefit:cost ratio (BCR) were also higher in BIPM
module (1:3.34) than the farmer’s practice (1:2.41).
E. puadeloupae was found to be the most effective
parasitoid in the reduction of A. dispersus
populations.

Biological suppression of polyhouse crop pests

The initial root-knot nematode population in
gerbera field ranged from 520 to 680 1Js/200 cm’ of
soil, Paecilomyees lilacinus @ 20 kg/ha was found
to be most effective (64.3 % reduction) in gall index
(52% ). Predatory mite, Neoseinlus longispinosus
at 1:10 predator: prey ratio in carnation resulted in
91.2 % reduction of phytophagous mites and was
also on par with fenazaquin (0.0025% ) which caused
92.1 % reduction. In rose maximum reduction (69.6
%) of European red mite ( Panonvehus wlmi Koch)
was obtained after 4" release of 30 predatory mites/
plant with maximum yield/plot (1173 cut flowers)
which was at par with Azadirachtin 3ml/L treated
plots. Blaptostethus pallescens @ 30 nymphs/ m
row along with chemical control (Omite 300 ml/ acre)
was found effective in managing T, urticae on okra.
Oviposition by Spalgis epius in relation to host plants
showed that the order of preference was Annona,
guava and hibiscus.

Biological suppression of storage pests in rice

Release of Xvlocoris flavipes @ 30 nymphs
per kg of stored rice (12.75 moths/jar) significantly
reduced the emergence of Corcyra moths. Maximum
number of nymphs was recorded from the treatment
of X. flavipes @ 30 nymphs/ jar. Release of
anthocorid bugs in rice bins could effectively control
Corcyra cephalonica larvae. Xvlocoris flavipes
nymphs performed better than those of Blaprostethus
pallescens in minimizing the moth population.
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INTRODUCTION

Brief History

Insects form a bulk (70 per cent) of living
organisms and are widely distributed. A small
percentage of them are harmful to agriculture while
the large majority are directly or indirectly useful to
agriculture and the environment. The National Bureau
of Agriculturally Important Insects (NBAII) came into
existence on 29" June. 2009 in recognition of the
fact that insects and associated organisms of
agricultural importance in our country had not been
adequately documented in spite of their having been
the focus of studies since British times. Further.
registration of live germplasm of insect resources
utilized in biocontrol, sericulture, apiculture, etc. was
a necessity to avoid it being lost. It was also felt that
barcoding the insect resources of the country was of
paramount importance as insects are extremely
important to the Indian economy and ecology. A series
of changes in perception in the area of insect pest
management resulted in the transformation of this
institution from one initially involved in research on
evolying biological control technologies to combat
insect pests to one focused on studies in the areas of
taxonomy and diversity of insects in agroecosystems
in addition to biocontrol.

It was as early as in 1977 that the Indian
Council of Agricultural Research (ICAR), New Delhi
initiated the All India Coordinated Research Project
(AICRP) on Biological Control of Crop Pests and
Weeds with funds from the Department of Science
and Technology, Government of India. By
subsequently extending full financial support the
ICAR brought the project under its research umbrella
in 1979. With growing realization that biological
control is the technology of the future the centre was
upgraded to the Project Directorate of Biological
Control on 19" October. 1993. The understanding
that biological control had its underpinnings in
competent taxonomy and an understanding of
ecology in agroecosystems led to the reorientation

of research in the institution and its rechristening as

the NBAIL
Mandate

National Bureau of Agriculturally
Important Insects

To act as a nodal agency for collection,
characterization. documentation, conservation,
exchange and utilization of agriculturally important
insect resources (including mites and spiders) for
sustainable agriculture

AICRP on Biological Control of Crop Pests

Promation of biological control as a
component of integrated pest and disease
management in agricultural and horticultural crops
for sustainable crop production.

Demonstration of usefulness of biocontrol
in IPM in farmers” fields

Notable achievements of the past

Basic Research and Strategic Support to
Biological Control

# The image gallery of agriculturally important
insects hosted on NBAII's website include
500 species of insects with over 3000
photographs. This along with another website
‘Featured Insects’ on insect bioagents was
included in 'ID Source’ hosted by the United
States Department of Agriculture and Colorado
State University.

»  Aninteractive LuclD Phoenix key to the genera
of Indian Mymaridae was prepared with fact
sheets. diagnostics and illustrations.

» ‘Insects in Indian Agroecosystems’ has been
hosted on the NBAII website. URL: http://
www.nbaii.res.in/insectpests/index.php (for
pests of crops and other common insects in
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Indian agroecosystems, 850 species featured so
far with over 3000 colour photographs).

A website on Indian Coccinellidae with image
galleries of common species and their natural
enemies has been constructed and hosted.

Aphids of Karnataka - Web photo album on
Picasaweb (the largest of its kind with ~1300)
digital photographs of aphids of Kamataka) has
been hosted. URL: http://picasaweb. google.
comhome

Biocontrol introductions. httpz//swww.nbaii.res.in/
Introductions/Insects/ index.htm (for ~185
species of introduced bioagents in India) has
been hosted on the NBAIT website.

Thirty three genera of Telenominae, Teleasinag,
Scelioninae, Sceliotrachelinae and Platygastrinae
were collected and identified from the Andaman
Islands,

Dvivarnus a new  platygastroid genus was
erected in the subfamily Teleasinae and a new
species D, punctatus was described. Three
new species of Sceliotrachelinae, Plutomerus
veereshi, Fidiobia virakthamati and
Fnagarajae were described. This was the first
record of Fidiobia from India. Twelve species
of Microgastrinae (Braconidae ) were described
from India. Among these Glyprapanreles
hypermnestrae and Dolichogenidea kunhi
have agricultural importance. Two new species
FPoropoea bella (Trichogrammatidae) and
Zaplatveerus notialis (Encyrtidae) were
described. Four new species of fruit flies.
Euphranta dvsoxli, E. diffusa, E. thandikudi
and E. hvalipennis were described from India.

A catalogue of the fauna of Microgastrinae of
Reunion Island was published with a key to 34
species belonging to 13 genera including many
species of Indian origin,

Molecular tools were used to resolve the

AnNuAL Report 2013-14

identities of cryptic species of Apanteles, viz.,
A. mohandasi and A. raragamae.

The aphids Pleotrichophorus ¢hrvsanthemi
and Reticulaphis foveolatae and the invasive
mealybug Pseudococcus jockbeardsleyi were
recorded for the first ime from India. Four
species of fruit flies, Coelotrvpes latilimbatus,
Dimerinogophrvs parilis, D. pallidipennis,
Hardvadrama excoecariae and an undescribed
species of Coelopacidia were recorded as new
from India. Lahiella longicornis was recorded
for the first time from India parasitizing
Drepanococcus chiton which is a new host
association,

Coccipolipus synonychae (Acari:Podapolidae)
was described as a parasite of the giant bamboo
ladybird, Svnonvcha grandis.

Paracoccus marginatus, the papaya
mealybug was successfully kept under check
wherever it resurfaced with releases of the
parasitoid Acerophagus papavae. Several
parasitoids (Allotropa sp., Anagyvrus sp., A.
qadrii and A. loecki) were found parasitizing
the Madeira mealybug Phenacoccus
madeirensis which occurred on cotton near
Bandipur ( Karnataka).

A total of 82 culturable bacteria were isolated
from Aphis gossypi, A. erassivora and Myzus
persicae collected from Bangalore, Malur and
Dharwad districts of Karnataka. Based on 165
rDNA  sequence homology Bacillus
aryvabhattai, B. cereus. B. jeotgali B.
massiliensis, B. sbhtilis, Exiguobacterium
indicum, Moraxella osloensis, Paenibacillus
lavtus, Psendomaonas hibiscicola,
Stenotrophomonas maltophilia
Zimmermanella faecalis were found
associated with aphids.

A diet containing nutritional and
£
phagostimulatory compounds was developed.
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It enhanced biological parameters like
developmental period and adult longevity in
Leucinodes orbonalis.

A database on entomopathogenic nematodes
(Steinernematidae and Heterorhabditidae) was
developed providing information on systematics,
diagnostic characters, diversity maps.
bioecology, mass production techniques,
formulation and storage, application and source
of availabilityof commercial products. It is user
friendly and available in DVD format.

Eleven anthocorid (Anthocoridae) predators of
thrips were collected from different plants
(including crops) during ditferent seasons. An
undescribed species of Montandeoniola was
recorded on Burea monosperma. Orius
maxidentex was recorded for the first time from
the Andaman islands.

Eggs of C. cephalonica could be stored for five
days at 14 degrees Celsius resulting in over 70
% hatching and 90 % adult emergence.

The per cent parasitism and adult emergence of
Trichogramma embryvophagum reared on the
eges of the eri silk moth was enhanced resulting
in 92.2 % parasitism and 70.7 % adult
emergence.

Fifteen species of non-Apis pollinators belonging
to Megachilidae. Apidae, Xylocopidae and
Anthophoridae were documented in pigeonpea
plants in addition to butterflies and flies. Apis
dorsata, A.cerana and A.florea constituted 40
% of the total bees observed during flowering.
At 38 % Megachilidae constituted the second
largest group.

Though pigeonpea is a self pollinated crop,
outcrossing was observed to the extent of 3 -
40 %. Ninety two per cent seed set was
observed in bee visited pods.

Pigeonpea intercropped with marigold was
found to be effective in enhancing yield as
compared to pigeonpea intercropped with

sunflower. Intercrops were found to be better
than pigeonpea as a sole crop.

The incidence of Maruca vitrata, Aphis
gossypii and Orgyia leucostigma did not
significantly ditfer at various levels of carbon
dioxide and temperature in open top carbon
dioxide chambers with simulated levels of carbon
dioxide and temperature. The incidence of
Coccidehystrix inselita was however
significantly greater on plants grown at elevated
levels of carbon dioxide (500 ppm) and
temperature (+2 deg Celsius).

Two effective plant based compounds were
formulated for attracting fruit flies and
Leprocybe invasa.

Novel nanogels with increased field life to
disrupt the life cycles of crop pests were
synthesized in collaboration with the Department
of Organic Chemistry, IS¢, Bangalore.

A toxicant free oil-based parapheromone trap
was developed in collaboration with TIHR.,
Bangalore.

Applied Research (Biological Control)

~

The successful management of the papaya
mealybug through releases of the exotic
parasitoid Acerophagus papavae resulted in
savings of Rs.714.55 crore during 2012 -
2013.The papaya mealybug continues to be
suppressed effectively by the released
parasitoids and the expected savings is in the
same order.

Combined application of Heterorhabditis
indica and Merarhizium anisopliae reduced
75 and 67 % population of adults and grubs of
Myllocerus subfasciatus. Around 82 and 80 %
recovery of H. indica (NBAII hiOl)and S.
abbasi (5a01 ) strains was made in red lateritic
soils after five months of application.

Field trials conducted at Varnanagar and
Nagaon villages of W. Maharashtra showed
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that application of aqueous and cadaver
formulations of H. indica and S. abbasi
improved the tiller density and cane height ot
sugarcane. These species performed better than
S.carpocapsae and §. glaseri.

Blaptostethus pallescens reduced populations
of the nymphs and adults of F sehudizei by 74.0
and 89.3 % respectively, as compared to a
reduction of 41.3 % in the control.

Encarsia flavoscutellum, Dipha aphidivora
and Micromus igovoms were found to continue
suppressing the sugarcane woolly aphid in areas
of its re-occurrence in Maharashtra and Tamil
Nadu.

Verticillium lecanii was better than
Merarhizium anisopliae in lowering
populations of the safflower aphid, Urolencon
compositae in Andhra Pradesh. However it was
on par with neem oil and together they were on
par with the insecticidal check. The yield was
469 — 509 kg/ha. in treated fields as compared
to 245 kg/ha. in the control. The corresponding
figures for the aphid populations were 65— 123
aphids/10 plants and 413 = 435 aphids / 10
plants, respectively.

Three sprays of SINPY @ 250 LE/ha. (1.5 x
10" POBs / ha.) was significantly superior to
botanicals in suppressing larval populations of
Spodoptera litura (3 larvae /m row) recording
78.5 per cent mortality due to virus infection
and a yield of 21.6 g/ ha. soybean in Maharshtra.

Systematic monitoring and release of the larval
parasitoids Goniozus nephantidis and Bracon
brevicornis against the coconut leaf caterpillar
(Opisina arenosella) reduced leaf damage (42
per cent) and pest population (93 %) in a period
of seven months in Kerala. Tt was also effective
in Karnataka.

Spraying Metarhizium anisopliae @ 1 x 107
spores / ml during the off season in December

AnNuAL Report 2013-14

followed by four sprays of the pathogen mixed
with adjuvant (suntlower oil 1 ml /L) at weekly
intervals during flowering was superior to other
treatments in suppressing the hopper population
and in increasing fruit set in Andhra Pradesh and
Maharashtra.

» Two releases of Sevmnus coccivora @10
erubs / infested tree at monthly intervals from
July—August effectively suppressed Maconelli-
coccus hirsutus (9.8 mealybugs / fruit) and
Ferrisia virgata (3.3 mealybugs / fruit) in
custard apple and increased yield of marketable
fruits (34.1 kg / tree). Cryptolaemus montrou-
zieri @ 5 grubs / tree was found to be equally
effective.

»  Blaptostethus pallescens @ 10 nymphs /plant
minimized populations of the mite Fetranychus
uriicae on brinjal and okra in Punjab. While 5.
pallesecens was found to be as effective as
Omite in Okra it was less effective than Omite
when used against the mite on brinjal.

#» Stethorus pauperculus (Coccinellidae)
and Amblvseius sp.@ 10 beetles and 5 mites/
plant were effective in reducing populations
of the two spotted spider mite T, wrricae
in carnations under protected conditions.
The biocontrol agents were however not as
effective as the acaricide Abamectin in
suppressing the mite.

»  Three releases of the predatory mite Neoseitdus
longispinosus at 1:10 predator ; prey ratio were
found to be as effective as Profenophos in
suppressing populations of T. urticae.

Organizational set-up

The NBAII is organized into three divisions, viz.,
Division of Insect Systematics, Division of Molecular
Entomology and Division of Insect Ecology. Research
on microbial biocontrol is being addressed under the
coordination cell of the AICRP on Biological Control
{(Fig.1).
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Financial Statement 2013-14 AICRP Centres (ICAR share only)
National Bureau of Agriculturally Important Expenditure (2013-14)
Insects, Bangalore - ”
(Z in lakhs) Name of the centre Expenditure
(¥ in lakhs)
Head Plan | Non-Plan | Total AAU. Anand 4463
Pay & Allowances 0.00| 58308 |583.08 AALL Jorhat 2582
TA; 10.50 357 13.87 ANGRAU, Hyderabad 30.66
Other Charges :
Dr. YSPUHA&F, Nauni, Sol 36.18
including equi. Lab, | 127.08 | 13433 | 261.41 o e
. : GBPUAAT, Pantnagar 9.04
Information -
Technology 0.00 0.00 0.00 KAU, Thrissur 26.32
Works/ petty works | 000 1990 | 19.90 MPKY. Pune 29.57
HRD 242 0.00 2.42 PAU, Ludhiana 53.24
Pension 0.00| 56.00 56.00 SKUAS&T, Srinagar 21.830
Loan 0.00 .99 .99 TNAU, Coimbatore 30.56
TOTAL 140.00{ 797.67 | 937.67 PC Cell, Bangalore 7.00 2
MPUAT, Udaipur 1.30 =
OUAT, Bhubaneshwar 1.87 =<
CAU, Manipur 2.01 =
Total 320.00
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ORGANISATIONAL CHART
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AICRP-
BIOCONTROL
{CO-ORDINATING
CELL)

CPCRI | AAU,JORHAT |
KAYANGULAM :
| APAU, HYDERABAD |
T |
(VEE AT RAJAHMUNDRY ] Mu.lmnnn |
] | |GBPUA & T, PANTNAGAR|
OUAT ‘NEW DL |
BHUVANESHWAR I | MPKV, PUNE |
[
] IIHR | KAU, THRISSUR |
CAU, PASIGHAT | | BANGALORE |
] | PAU, LUDHIANA |
[
JNKV, JABALPUR| | ISR, LUCKNOW [ SKUAS & T. SRINAGAR |
|
] | TNAU, COIMBATORE |
s8I I
MPUAT, UBAIPUR| | comBsatore | DR. YSPUH & F, SOLAN |

JOINT STAFF
COUNCIL

RESEARCH

ADVISORY
COMMITTEE
INSTITUTE
MANAGEMENT
LIBRARY ESTABLISHMENT COMMITTEE PURCHASE AND RESEARCH
PRICE FIXATION MONITORING CELL
COMMITTEE
AKMU ADMINISTRATION !
AND ACCOUNTS S HIND! COMMITTEE INSTITUTE
: I RESEARCH
COUNCIL
White Grubs L a;imu |
FARM MANAGEMENT ESTATE I VIGILANCE CELL
Acarology | | IPR CELL
I
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SECURITY Ornithology |
GRIEVANCE CELL | i
I
WOMEN'S
COMPLAINTS
COMMITTEE

Fig 1. Organisational Chart of NBATI

NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS ”’l



AnNnuAL Report 2013-14

b e
N ¥

LYl

Nppart

RESEARCH ACHIEVEMENTS
National Bureau of Agriculturally Important Insects

Division of Insect Systematics
Surveys

Exploratory surveys for insects were undertaken
in the states of Assam, Meghalaya (Umiam and
Umran), Tripura, Odisha (Bhubhaneshwar, Jaraka
and Cuttack), Maharashtra (Powai, Satara), Uttar
Pradesh and Karnataka. In Karnataka collections
were extensively made from a number of districts,
viz.. Ramanagara (Magadi), Mandya, Bengaluru
(Kengeri, Hebbal, Hessaraghatta, Attur,
Devanahalli), Shimoga,Chikkamagalur, and
Chikkaballapur (Nandi Hills, Chintamani). Field.
vegetable and fruit crops in addition to forests and
other natural vegetations were surveyed.

Digitization of type specimens in NBAII
reference collection

List of type specimens in NBAIl holdings was
compiled with complete details. Totally 106 types
belonging to Hymenoptera, Coleoptera,
Thysanoptera, and Diptera were documented,
including 30 primary types. Digitization was done for
15 primary types of Coleoptera (Coccinellidae),
Braconidae (Microgastrinae) and Platygastridae.
Webpages were created for type specimens in
NBAIT's holdings with details of original combination,
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Mage TPEEE Tew SiaN

Rk E TR L DT ST 2

eIt
1 we i

current valid name, sex / stage, type status, verbatim
label data, original publication and high resolution
images of the type specimen featuring the diagnostic
characters.

Biosystematics
(Hymenoptera)

of Trichogrammatidae

Ten genera of Trichogrammatidae were collected
in addition to Trichoegramma  and
Trichogrammatoidea. OF these, Lathromeroidea
is a new record for south India while
Paratrichogrammea is a new record for Karnataka,
Trichogrammatoidea nana collected from
Meghalaya is the first record of the genus from
Northeast India. Trichogramma cuttackensis was
collected from Bhubaneshwar which though
contiguous is the only place from where it is known
from outside its type locality, This species does not
multiply on the eggs of Corcyra cephalonica but can
be reared on the eggs of Sphingidae. This is also the
first species of Indian Trichogramma for which we
detected pseudogenes.

Megaphragnia, a genus comprising some of the
smallest insects, known earlier from Karnataka and
Uttar Pradesh were collected for the first time from
Orissa and Meghalaya.

A species closely resembling Trichogramma

DBl MW WP T 4208 s & - BH) e 7 b 3
Wi B g e iarny  Tes il

Fig. 2. Scanning electron micrographs of Trichogrammaroidea armigera and Trichogramma rabindrai
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Table 1. List of genera of Platyvgasiroidea with new/old distribution records

Genera New/old distribution record

TELENOMINAE

| Phanuromyia New record for India

TELEASINAE

2 Trimorus { Neotriniorus) New record for Andamans

SCELIOTRACHELINAE

3 Amitus Hitherto recorded only from Bihar, also recorded from
south India and Sikkim

SCELIONINAE

- Nixenia Hitherto recorded from Uttaranchal. New record for South India

PLATYGASTRINAE

3 Iphitrachelus Recorded from Andamans and Karnataka

bistrae, a single specimen of which had been
collected from Bhubaneshwar was collected from
Hessaraghatta. This is a Palaearctic species being
recorded for the first time from anywhere in the
tropics or the Oriental region. Scanning electron
microscopic studies of the genitalia of Trichagramma
rabindrai and Trichogrammatoidea armigera
have been completed confirming their status as
distinct species (Fig. 2).

Biodiversity of oophagous parasitoids with
special reference to Scelionidae (Hymenoptera)

A total of 1500 parasitoids were collected,
curated and preserved for future studies. So far 52
genera under five subfamilies were recorded from
India. An additional five genera are now being added
(Table 1) raising the total to 57 genera.

So far only three genera, viz., Telenomus,
Baryeonus and Platyscelio were reported from the
state of Odisha. Recent surveys conducted in
Bhubhaneshwar and Cuttack revealed the presence
of thirty two additional genera. The thirty five genera
recorded under five subfamilies from Odisha are
Bacus, Ceratobacus, Cremastobaeus, Dicroscelio,
Doddiella, Dua, Dyscirtobaeus, Encvrioscelio,

Fusicornia, Gryon, [Idris, Macroteleia,
Opisthocantha, Palpoteleia, Paridris,
Probarveonus, Psilanteris, Scelio, Tiphodvies
(Scelioninae); Trimorus, Xenomerus (Teleasinae),
Paratelenomus, Psix, Trissolcus, Phanuromyia,
Eumicrosoma (Telenominae); Platvgaster,
Synopeas, Leptacis, Amblyaspis (Platygastrinae);
Isolia, Fidiobia (Sceliotrachelinae).

Nine new species of Platygastroidea were
described as new to science. Mantibaria kerouaci
Veenakumari and Rajmohana (Fig. 3) an egg
parasitoid of mantids was described. There are
only three species of Mantibaria in the entire world.
This is the first species to be described from the
Oriental region.

¥
¥

Fig. 3. Sexual dimorphism in Mantibaria kerowaci
(Lefi: Male; Right: Female)
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Fig. 4. Alfotropa gundluperensis:
Parasitoid of the Madeira mealybug
[ Phenacoccus madeirensiy)

-

- gl

Fig, 6. Sceliocerdo viatrix an egg parasitoid of Neorthacris acuticeps on rice

Three new species of Allotropa (Platyezastridae:
Sceliotrachelinae) were described. The genus
Allotropa are parasitoids of mealybugs. A new
species, Allotropa gundlupetensis Veenakumari and
Buhl (Fig. 4) collected from the Madeira mealybug,
Phenacoccus madeirensis, was described. Two
more species of Allotropa, viz., A. vanajae and A.
nigra were also described (Fig. 5).

The genus Amblyaspis (Platygastridae:
Platygastrinae) are parasitoids of Cecidomyiidae
(Diptera). Five new species of Amblvaspis viz.. A.
fabrei, A. panhalensis, A. charvakae, A, ashmeadi
and A. tippusultani were described.

Sceliocerdo viatrix (Platygastridae:
Platygastrinae) which are phoretic on Neorthacris
species (Orthoptera:Pyrgomorphidae) of
crasshoppers was collected from Karnataka and
redescribed as the original description was inadequate
(Fig. 6).

“‘\ MNATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS

Biodiversity of aphids, coccids and their natural
enemies (Hemiptera)

Atotal of 109 field surveys were conducted in
and around Bangalore and 2541 insect specimens
were collected. Atotal of 1630 specimens of aphids.
coccids, diaspidiids, and pseudococcids were
identified. Nine species of mealybugs and twenty
species of aphids were identified and DNA barcodes
generated. Similarly four predators and nine
parasitoids were identified and characterized.
Meraceronema japonica (Maskell), Sticracantluis
azadirachtae (Green), Shivaphis celti Das and
Odonaspis greenii Cockerell were recorded for the
first time from Karnataka. Planococcus bendovi
Williams, Crenochiton olivaceum Green,
Macrosiphum euphorbiae (Thomas) and
Milviscutulus mangiferae (Green), were recorded
for the first time from South India. Marsipococcus
iceryoides (Green), Ceronema frveri Green,
Maacoccus piperis (Green), Trijuba oculata De
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Table 2. New records of aphids and coccids from India

ANNUAL ReporT 2013-14

Aphid/coceid species Family Host plant
Astegoptervy pallida van der Goot Aphididae Bambusa sp.
Marsipacoccus icervoides (Green) Coccidae Annona reticulata
Ceronema frveri Green Coccidae Annona reticulara
Muaacoccus piperis (Green) Coccidae Piper nigrum
Trijuba oculaia De Lotio Coccidae Annona reticulala
Protopulvinaria longivalvara Green|  Coccidae Eugenia sp.
Paralecanium ovarum Morrison Coccidae Eugenia sp.
Paralecanium vacuwn Mormison Coccidae Annona reticulata
Paralecanium mancum (Green) Coccidae Palvalthia longifolia
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Table 2. (Conid...) New records of aphids

and coccids from India

Aphid/coccid species Family Host plant
Eriococcus coceineus Cockerell Coccidae Eugenia sp.
Duplaspidiotus claviger (Cockerell) Diaspididae Indet. tree
Exallomochlus philippinensis Williams | Pseudococcidag|  Nephelium X
lappaceum o
)
Lotto, Protopulvinaria fongivalvata Green, Duplaspidiotus  claviger  (Cockerell ),

Paralecanium ovatum Morrison, Paralecanium
vacuum Morrison, Paralecanium mancum
(Green), Eriococcus coccinens Cockerell,

Fig. 7. Parasitized lepidopteran larvae collected from the field
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Exallomochlus philippinensis Williams and
Astegopreryx palfida van der Goot were recorded
for the first time from India (Table 2). Twenty nine
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species of parasitoids were recorded from 43 species
of coccids of which one parasitoid was a new record
from India; eight were new records from Karnataka
and four were new host associations.

Biodiversity of economically important Indian
Microgastrinae (Hymenoptera: Braconidae)

About 6000 specimens of parasitized
insects were collected, bred, curated and preserved.
2863 specimens were identified to the genus /
species level. Over 50 species were reared
from about 40 hosts belonging to 9 families. In
addition more than 50 masses of cocoons were
collected (Fig.7).

Parasitoids were reared from the following
lepidopteran families: Hesperiidae, Lycaenidae,
Papilionidae, Arctiidae, Lymantriidae, Plutellidae,
Noctuidae, Nolidae and Nymphalidae.

Five species of parasitic wasps associated with
hesperiids trom peninsular India have been
documented along with the description of a new
species of gregarious endoparasitoid,
Daolichogenidea cinnarae Gupta et al. 2013

{Hymenoptera: Braconidae) parasitic on larvae of

Borbo cinnara (Wallace) (Lepidoptera: Hesperiidae)
(Fig. 8).

Fig. 8. Dolichogenidea cinnarae GGupla ef al.
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The gregarious larval parasitoid, Coresia
erionotae (Wilkinson) ( Braconidae) and the solitary
pupal parasitoid Charops plautus Gupta &
Maheshwary (Ichneumonidae) were bred from the
Udaspes folus (Cramer) on the host plant
Hedychium coronarium 1. Koenmg. Udaspes folus
is a new host record for the parasitic wasp genus
Charops. Cotesia erionotae was bred from (V.
folus caterpillars from three states: Maharashtra,
Karnataka and Kerala. An encyrtid wasp Qoencyrius
papilionis Ashmead was bred from eggs of Bibasis
Jaina (Moore) on the host pant Hiprage
benghalensis (L.). This is the first documentation of
a parasitic wasp from the genus Bibasis.
Leptobatopsis indica (Cameron) (Ichneumonidae),
often associated with Parnara guttatus (Bremer &
Grey). was recorded from the Andaman islands.

A new species of gregarious endoparasitoid,
Parapanteles echeriae Gupta, Pereira & Churi,
2013 bred from Abisara echerius Stoll
(Lepidoptera: Riodinidae) on the host plant Embelia
sp. (Myrsinaceae) is described and illustrated from
Mumbai. Maharashtra, India (Fig. 9). This is the first
ever record of a parasitic wasp associated with
Abisara.

Fig. 9. Parapanteley echeriae Gupta ef al.

A key to Indian species of Parapanteles was
published.

As detailed below two new species of
Glyptapanteles and one species of Buluka
(Braconidae: Microgastrinae) were discovered from
S. India.

Clyprapanteles clanisae Gupta 2013 (Fig. 10),
a gregarious endoparasitoid. was bred from a
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caterpillar of Clanis phalaris Cramer (Lepidoptera:
Sphingidae) on the host plant Pongamia pinnata
(L.) (Leguminosae) along with a hyperparasitoid,
Ewrytoma sp. (Eurytomidae).

Fig. 1. Glyptapanteles clanisae Gupta

Glvptapanteles trilochae Gupta 2013, was
reared from parasitized caterpillars of Trilocha
varians (Walker) (Lepidoptera: Bombycidae) on the
host plant Ficus racemosa L. (Moraceae) along with
a hyperparasitoid, Paraphvlax sp. (Ichneumonidae:
Cryptinag). This also confirms a host range extension
of Indian species of Glvprapanreles to Bombycidae
and Sphingidae in addition to the earlier documented
families (Papilionidae, Nymphalidae, Arctiiddae and
Noctuidae) (Fig. 11).

Fig. 11. Glyptapanteles trilochae Gupta

Buluka horni Gupta 2013, was collected from
solitary cocoons of an indeterminate caterpillar teeding
on Mangifera indica L. leaves (Fig. 12).

Fig. 12. Buluka horni Gupta

A diagnostic guide to 29 genera and 20 species
of Pteromalidae was hosted on the NBAII website
as “Indian Fauna of Pteromalidae” (Fig. 15).

Collection and identification of longhorn beetles
(Cerambycide: Coleoptera) of agricultural
imporiance

Cerambycidae is one of the largest families of
Coleoptera and contains more than 35,000 species
under4,000 generain 11 subtamilies. The number of
cerambycid species recorded from India is about
1500. A key tothe subfamilies of Cerambycid adults
has been developed with the help of published
literature. A total of 31 beetle specimens were
collected and curated. Five specimens were identitied
as Acanthophorus serraticornis, Batocera
rifomaculata, Chelidonium cinctum, Stromatim
barbanan and Xvlotrechus quadripes (Fig. 13).
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Fig. 13. Xvlotrechus guadripes
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Network Project on Insect Biosystematics

Field collection surveys were undertaken in
Karnataka, Kerala, Andhra Pradesh, Tamil Nadu,
Meghalava, Assam. and Odisha and 120 man-days
spent for insect collection. Curated and identified
specimens belonging to ca. 450 species in 11 orders
were added to the reference collections.

Anagvrus amnestos Rameshkumar er al.
{Encyrtidae), a potential parasitoid of the invasive
Madeira mealybug, was described from Karmataka
with US collaboration (Fig. 14).

Fig. 14. Anagyrus amnesios, a parasitoid of the
Madeira mealybug

A new species of Calvia (Coccinellidae) and a
new genus of Miridae (Hemiptera) were documented
from India. Four new species of Dicopomorpha
Ogloblin (Mymaridae) from India were described and
the Indian species keyed. Platviaspis flavoguttatus
(Gorham) (Coccinellidae), a rare species, was
redescribed and the male genitalia illustrated for the
first time. Sixty-eight new distribution and host
records of Indian Chalcidoidea were documented.
The electronic database of NBAII's reference
collection was updated with taxon/specimen-based
data for groups identified up to January 2014,

AnNuAL Report 2013-14

The Pteromalidae (Hymenoptera:Chalcidoidea)
of the North — east and the Eucharatidae
(Hymenoptera:Chalcidoidea) were studied. A web
portal with 38 species identification fact sheets was
developed (Fig. 15).

Factsheets tor 323 species of insect pests (with
1060 images) and 105 species of bioagents (with
308 images) were uploaded on NBAII's website and
existing fact sheets updated with 850 new images.
The web-based identification aid for Indian Genera
of Mymaridae with illustrated factsheets was hosted
on NBAII's website and also featured in IOBC’s
newsletter. Web content with an illustrated
dichotomous key and factsheets was prepared for
Indian genera of Diapriinae in collaboration with Dr.
K. Rajmohana, ZSI, Calicut. *Aphids of Karnataka™
was redone in .php format for 71 species and hosted
from NBAII's website.

Biosystematics and diversity of entomogenous
nematodes in India

A total of 172 soil samples were collected from
Jammu and Kashmir, Tripura and Karnataka. A
positive sample was intercepted with EPNs, most
likely belonging to Steinernena sp. when analyzed
by soil baiting technique using wax moth, Galleria
mellonella.

Division of Molecular Entomology

Molecular Characterization and DNA barcoding
of Agriculturally Important Parasitoids and
Predators

Survey and collection

Surveys were conducted in TamilNadu,
Karnataka and Punjab and several parasitoids and
predators were collected for molecular studies.

Molecular characterization using cyvtochrome
oxidase 1 gene (CO1)

Parasitoids

Sequence analysis of cytochrome oxidase 1
gene (CO1) was done and GenBank accession
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Indian Fauna of Pteromalidae

Web Links

The family Pteromalidae is interestingly speciose
with diverse forms. Pteromalini® i the second
eariest available growp mame in Chaleidoidea,
proposed by Dalman in 1820 (Boucek, 1988
Recent Indian check list includes 213 species under
03 genera [(Soreshan, 2012). An account of world
Pteromalid fauna is given in Universal Chaleidoidea
Database.

Majority of the species are egg. larval or pupal
parasitoids attacking many orders across Insecta,
Larvae of some species develop as predators on egas
of cocesds or of spiders (Arachnida), Some species
are phytophagous, developing in seeds or as
inquilines in galls caused by other insects, They can
be categorized into many groups based on biology:
ectoparasitoids and endoparasitoids, kodnobionts
and idiobionts, primary or secondary parasitoids,

solitary or gregarious specics,

Copyright ¥ 2013 National Buresu of Agriculturally kmpostant Insscis. All Rights Ressrved.
Fig. 15. Screen shot of the weh portal ‘Indian Fauna of Pteromalidae®

numbers were obtained for 12 parasitoids Molecular characterization and DNA barcoding
(Table 3). of some agriculturally important insect pests

Anthocorid predators During the period more than 500 species of
insects belonging to different groups were collected
from different parts of the country as indicated in Fig.
16. Specimens were kept in -70°C as well as in

Characterization of cytochrome oxidase | gene
(CO1) was completed and GenBank accession
numbers were obtained for 5 species of anthocorid £
predators (Table 4). 95% alcohol.

Coccinellid predators

Analysis of cytochrome oxidase 1 gene (CO1)
was completed and GenBank accession numbers
were obtained for 3 coccinellid predators (Table 4).
Pollinators

Sequence analysis for cytochrome oxidase |

gene (COL) was done and GenBank accession

numbers were obtained for 4 pollinators (Table 3).

Weed killer »
Characterization of cytochrome oxidase | gene

(CO1) was also done for the weed killer Teleonemia

scrupulosa (KF 817579) (Table 4). Fig . 16. States from where insects were collected
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Table 3. Molecular characterization of important parasitoids and pollinators

I
AR

Order Family Scientific Name Gen Bank Col
Ace. No.
Parasitoids
Hymenoptera Eulophidae Aprostocetus gala KE 817576 612 bp
Hymenoptera Eulophidae Tetrastichus schoenobii KI 627790 588 bp
Hymenoptera Braconidae Chelonus blackburnii KF 365461 Gl6bp
Hymenoptera Braconidae Bracon hebetor KJ 627789 651bp
Hymenopiera Platygastridae | Isolia indica K] 489423 624 bp
Hymenoptera Eulopidae Ounadrastichus mendeli KF 879806 5307 bp (IT5-2)
Hymenoplera Eulophidae Aprostocetus gala KF958278 461 bp (IT5-2)
Hymenoptera Seelionidae Sceliocerdo viatrix KF 938928 588 bp
Hymenoplera Torymidae Megastigmus sp. KF 938926 654 bp
(seed feeders)
Hymenopiera Aphelinidae Coccophagus sp. KF 938924 654 bp
Hymenoptera Encyrtidae FPrewdlepromasiix mexicana | KF 365460 611 bp
Hymenoplera Encyriidae Leptomastix nigrocincta KJ 489424 597 bp
Pollinators
Hymenoptera Apidae Apis florea KF 817578 591 bp
Hymenaoptera Apidae Apis cerana indica KF 861941 563 bp
Hymenoptera Apidae Megachile anthracing KF 861940 633 bp
Hymenoptera Apidae Apis dorsata K1513470 621 bp

Characterization of some agriculturally
important insect pests including veterinary pests
using multi-locus genes

A total of 149 species. belonging to 9 orders,
viz., Hemiptera, Diptera, Lepidoptera, Coleoptera,
Hymenoptera, Mantodea. [soptera and Araneae.
Ixodida, were characterized (Table 5). All sequences
agreed with Folmer’s region, >550 bp with complete
species information for 46 species for which Barcodes
were generated. The percentage wise characterization
of 162 species was Hemiptera (29.6%), Lepidoptera
(22.2%), Diptera (16.7%), Coleoptera (12.3%),
Hymenoptera (11.7%), Araneae (2.5%). Ixodida

(1.9%). Mantodea (1.9%) and Isoptera (1.2%).
Table 6 gives information about number of GenBank
accession numbers and barcodes developed during
the year.

DNA barcode for insects based on COX1
region

A total of 26 barcodes were obtained with
barcode IDs provided (refer E publications).
Distribution of inter-specific pair-wise Kimura's two
parameter ( K2P) distances resulting from the analysis
of 45 DNA barcodes is depicted in Fig . At 95%
percentiles, distribution was <2.2% from known
sequences.
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Table 4. Molecular characterization of important predators and a weed killer

Order Family Scientific Name Gen Bank col
Aee. No. ITS

Parasitoids
Hemiptera Anthocoridag | Amphiareus constricius KF 817577 008 bp
Hemiptera Anthocoridae | Xylocoris flavipes KF 365462 621 bp
Hemiptera Anthocoridae | Blaprostethus pallescens KF 365463 644 bp
Hemiptera Anthocoridae | Buchananiella indica KF383326 636 bp
Coleoptera Coccinellidae | Scymnus nubilus KF 861939 603 bp
Coleoptera Coccinellidae | Cheilomenes sexmaculata KF298579 645 bp
Coleoptera Coccinellidae | Chilocorus sp KF 938927 639bp
Diptera Drosophilidae | Cacoxenns  sp. KF 938925 653 bp
Weed Killer
Hemiptera Tingidae Teleonemia scrupulosa KF 817579 337 bp

Table 5. Insects subjected to molecular characterization

Order Family

Species

Acrosternum grawinea

Hemiplera Pentatomidae

Bagrada hilaris

Carbula seutellarg

Catacanthus incarnates

Dalpnda sp.

Evsaruris sp.

Glaucias sp.

Gonepsis rubescens

Halvomorpha picus

Menida versicolor

Mezara viridula (2)

Hene mendosa

Orgyia postica

Plauria crossora

Sciacoris indica

Aleyrodidae

Alewrolobus barodensis

Mindac

Helopeltis antonii
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Table 5. (Contd..) List of insects subjected to molecular characterization

Order Family Species
Psyllidae Heteropsylla cubana
Scutelleridae Chrysocoris stolli
Scutellera perplexa
Cicadellidae Dailbulus sp.
Hishimonus phyeitis
Chrosius albicinctus
Coccidae Coccus viridis
Pseudococcidae Coccidofivstrix insolita
Ferrisia virgata
Maconellicoccus hirsurus
Phenacoccus muadeirensis
Phenacoccius solani
Phenacoccus solenopsis
Eurybrachidae Eurybrachys sp.
Monophlebidae leerva purchasi
Lygaecidae Oxvearenus hyalinipennis
Lophophidae Pyrilla perpusilla
Tephritidae Bactrocera cucurbitae
Diptera Dioxyna sororcula
Sphaeniscus quadrincisus
Muscidae Musca sp. (3)
Simuliidae Simudivm sp. (2)
Psychodidae Phiehotomus sp. (4)
Culicidae Aedes sp.
Ceratopogonidae Culicoides actoni
C. peregrenns
C. schulizei
Tabanidae Chirysaps sp.
Tabanus sp.
Coleoptera Cerambycidae Henecamptus bilobus
Pseudaristobia octofasciculara
Xvlotrechus guadripes
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Curculionoidea Cosmopolites sordidus
Myllocerns dorsatus
Myllocerus undecimpustulatus
Myllocerus viridanus
Sitophilus oryzae
Chrysomelidae Calfosobruchus chinensis
Tenebrionidae Tribolium castaneum
Scarabacoidea Clinteria klugi
Heterorrhina elegans
Oxveetonia versicolor
Protactia alboguttata
Coccinellidae Epilachima vigintioctomaculaia
Silvanidae Orvzaephilus surinamensis
Meloidae Mylabris pustulata
Tenebrionidae Luprops tristis
Crambidae Chilo tumidicostalis
Lepidopiera Maruca vitrata (2)
Nymphula depunciafis
Paratis vertumnalis
Svlepta deropata
Saturniidae Samia cynthia
Arctiidae Ceryx imaon
Lymantriidae Olene mendosa
MNoctuidae Autoba olivacea
Polyvtela gloriosae
Nolidae Earias vittella
Bombycidag Clcingra variagns
Nymphalidae Phalanta phalantha
Papilionidae Papilio demoleus
Pyralidae Digrveiria rubella
Ectomyelosis ceratoniae
Orthaga exvinacea
Thylacoprila pawrosema
Hesperiidae Grangara thyrsis

Cvriophora unicolor
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Hymenoptera

Formicidae

Crematogaster sp.

Tetraponera sp.

Mantodea

Hymenopodidae

Ephestiasula sp.

Hestiasula sp.

Elmantis sp.

Isopiera

Termitidae

COdontatermes obesus

(). redentanni

Araneae

Arancidae

Cvriophora cicasirosa

C. citricola

C. moluccensis

Ixodida

Ixodidae

Rhipicephalus microplus

Rhipicephalus sp.

Hyalomma anatolicum

Tahle 6. Insects lor which GenBank 3

wecession numbers and Barcode [Ds were obtained

Order Family Insect GenBank Barcode ID
Accession
Hemiptera Aleyrodidae Bemisia tabaci JX417980 To be oblained
Aphididae Myzus persicae JX417981 To be obiained
Delphacidae Nilaparvara lugens KCE58992 AGIMPOOG-13
Cicadellidae Amrasca biguttula KF840682 To be obrained
Pyrrhocoridae Odontopus varicornis KF289771 To be obtained
Diptera Tephritidae Acroceratitis histrionica | KF471502 To be oblained
Bactrocera correcta KFE289766 AGIMPO22-13
B. dorsalis KF289767 AGIMPO23-13
B. zonata KF289768 AGIMPO24-13
Agromyzidae Phytomyvza orobanchia KC732453 AGIMPOIT7-13
Ceratopogonidag Culicoides innoxius KFI45176 YETIPDO1-13
. huffi KFi45177 VETIROO2-13
C. anopheles KFI45178 VETIPOO3-13
C. palpifer KFI145179 VETIPOO4-13
C. circumseriptus KEI45180 VETIPOOS-13
Calliphoridae Chrysomya megacephala | JX430024 To be obtained
Chrysomya sp. JXO45047 T be obtained
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Sarcophagidae Sarcophaga dux (PB-1) JX430022 To be obtained
8. dux (ND-1) JX430021 To be oblained
Sarcophaga sp, JX045646 To be obtained
Lepidopicra Crambidae Leucinodes orbonalis KF4353225 To be obiained
Shimoga
L. orbonalis Bangalore KF453226 Ta be obtained
L. orbonalis Chitradurga KF453227 To be obtained
L. orbonalis Neil island KF453228 Tor be obrained
L. orbonalis Cuttack KF453229 To be obrained
L. orbonalis Guntur KF453230 To be obtained
L. orbonalis Khammam KFE453231 To be obtained
L. orbonalis Port Blair KF453232 To be obtained
L. orbonalis Kolhapur KF453233 To be obrained
Pyralidae Chilo auriciling KC306949 AGIMPOO3-12
C. pariellus KC911712 AGIMPOO7-13
C. sacchariphagus indicus| KC306951 AGIMPOO5-12
Conogethes punctiferalis | KF114864 AGIMPO12-13
C. punctiferalis KF114865 AGIMPO13-13
C. punctiferalis KFI1145866 AGIMPO14-13
C. punctiferalis KF114867 AGIMPO15-13
C. punctiferalis KF1 145658 AGIMPO16-13
Galleria mellonella KF289770 AGIMPO26-13
Polvocha depressella KC306950 AGIMPOO4-12
Scirpophaga excerpraliy | KC306948 AGIMPOO2-12
Corcyra cephalonica KF289769 AGIMPO25-13
Helicoverpa armigera KC911713 AGIMPOOB-13
Plutellidae Plurella xvlostella KC911716 AGIMPO11-13
Galleriidae Sesamia inferens KC211715 AGIMPO10-13
Noctuidae Spodoptera litura KC911714 AGIMPOO9-13
Bombyecidae Bombyx mori PM JX025640 BMSWO002-12
B. mori ND7 JX025639 To be obrained
B. mori L14 JX025638 T be obtained
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Coleoptera Scolytidae Ewwallacea fornicatus KC390061 AGIMPO27-13
Anobiidae Stegobium paniceum KF471501 To be obiained

Hymenoptera Formicidae Anoplolepis gracilipes JNGETRO0 ANINDO16-11
Aphaenogaster beccarii |JN88603] ANINDOOS-11

Camponotus compressus [ JNES6027T ANINDOOI-11

C. compressus GR-17 JN9BTRST ANINDO13-11

. irritance JNBRG033 ANINDOOT-11

C. pariu JNBE6032 ANINDOOG-11

Leptogenvs chinensis JNBEGO30 ANINDOOS-11

Monomorium scabriceps  |JN98T858 ANINDO14-11

Myrmicaria brunnea JNBE6029 ANINDOO3-11

Oecophylla smaragding JNEB6035 ANINDOOS-1 |

Paratrechina longicornis | JNBE6034 ANINDOOS-1 |

Pheidologeton diversus JNOETEAY ANINDO15-11

Plagiolepis sp. INBRO037 ANINDO11-11

Solenopsis geminata JNEB6028 ANINDOO2-11

Tapinoma melanocephalum | INSS6036 ANINDO10-11

Technomvrmex albipes JNEBOO3E ANINDO12-11
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Fig. 17. Development of computational tool for prediction of insecticide
resistance gene in agriculturally important insects

Table 7. Collection and isolation of Bacillus thuringiensis

Place Number of samples Number of Br purified | Cry genes identified
Andamans, 352 148 Lepidoptera - erylAa, crvAb,
North East, crvlAc, crv2a, crvll, vip2A (67
Western Coast isolates) Coleoptera - ervda, env@

(7 isolates) Diptera - ervll, cry 2a,
orvl0, erv16, eryddBa, crvda (34
isolates)
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Insecticide Resistance Gene Database

Agriculturally important insects like
Helicoverpa armigera. Aphis gossvpii, Bemisia
tabaci Acyrthosiphon pisum and others developed
resistance to the major groups of chemical pesticides
like organo phosphorus, synthetic pyrethroids.
organo chlorinates and other new groups of
pesticides. Database on this aspect is necessary to
know about insecticide resistant genes like
Cytochrome P450, Acetylcholinesterase and Knock
down resistant gene (Fig. 17). Insecticide resistant
gene database (IRG) has been developed in
My-SOQL as back end and PHP as front-end tool to
access the database. Presently, IRG contains 266
records and the home page of the database is given
inFig. 18,

Fig. 18. Home page of insecticide resistance
zene datahase

Mapping of the cry gene diversity in hot and
humid regions of India

A total of 148 Bacillus thuringiensis isolates
were puritied from soil and insect cadaver samples.
Crystal morphology determined and cry gene
diversity was determined for 108 isolates.
The lepidopteran specific isolates expressed
mostly bipyramidal shaped crystals, coleopteran
specitic isolates expressed spherical or rhomboidal
shaped crystals and dipteran specific Br isolates
expressed both bipyramidal and rhomboidal
shaped crystals. The majority expressed lepidopteran
specific cry genes. Cry gene diversity determined

T

i
Qﬁ, dﬁx‘i”

Npart

included lepidopteran. coleopteran and dipteran
toxic genes like crvlAa, cryvlAb, crvlAc, cry2a,
crylL vip3A, erv3da, cn8 arvl L, erv2a, oryl0, ervl6,
crddBa and enda (Table 7). The identification of
cryddBa is a first report from India.

The full length gene sequencing of 1.9 kb
cry3a (coleopteran specific gene) (Fig. 19), 2.37 kb
vip3A (Fig. 20) (lepidopteran specific gene) and
3.686 kb eryl Ac (lepidopteran specific gene) was
done using pnimer walking. The sequences were then
cloned into TA vector. The construct was further
subcloned into E. coli expression system. crv2A
CDS (2.2 kb) was obtained from eight isolates and
cloned for further studies.

Fig. 19. Plasmid screening for effective cloning of cry 3a
Lo TA cloning vector. , L- 1 kb ladder, 1- negative control,
2- ery3a gene from cloned TA vector, 3- negative result, 4-
positive clone showing ¢ry3a

2370

Fig. 20. Agarose gel showing amplification of 2370 hp
VIP3A cloning gene analysis of Northeast Indian samples.
Marker- 1kh, 1- AsBt15, 2-AsBi25, 3-Bt -4, 4-Bt EG1
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Seven isolates expressing the coleopteran
specific cryFA gene was tested against the coleopteran
pest Sitophilus oryzae a stored grain pest using the
international standard (4AA L), BrAN4 showed least
LC, value of 89.65 pug/ml and the standard showed
LC,, value of 85.26pg/ml. However when the 1solates
were tested against another coleopteran pest
Callosobrochus chinensis BtAN4 showed very high
toxicity and were better than the standard. The LC_
value recorded was 5.85 pg/mi as compared to standard
(4AAl) which had a LC, value 0f15.963 pg/ml. The
BrAN4 isolate was used for further cloning studies.

Genetic diversity, biology and utilization of
entomopathogenic nematodes (EPN) against
cryplic pests

Molecular identification and DNA Barcoding for
EPN

Identity of 5 different geographical isolates of
Steinernema abbasi, S. feltiae, Heterorhabditis
indica and H. bacteriophora were validated and
confirmed using COI, ITS and SSU RNA gene
sequences and RFLP studies were carried out. 165
rRNA and Lux gene sequences of Photorhabdus
and Xenorhabdus bacteria were generated and
GenBank accessions obtained.

Genomes and transcriptomes

Four Indian strains of bacterial symbionts
associated with EPN were accomplished for the first
time forenhancing the existing efficacy of EPN against
lepidopteran and coleopteran insect pests: genes and
pathways related to their virulence and pathogenesis
against insects were identified during NABG-NAIP
overseas training on genomics and transcriptomics
at WSU, Pullman USA.

Performance conditions of EPPN against cryptic
pests

Anomala species and Holotrichia serrata
were found to be predominant whitegrub species in
redgram of Doddaballapur region (Karnataka) (soil
type lateritic soil with pH7.4, OC of 0.18%,

AnNuAL Report 2013-14

sand:silt:elay @ 44:21:33) during Kharif season 2013,
LD, and LT, values for H. indica, H.
bacteriophora, S. abbasi, 5. carpocapsae and §.
elaseri were worked out against Helotrichia
serrata. NBAIlisolates of H. indica, §. abbasi and
S. glaseri were effective at 2.5x 107 IJs/ha causing a
mortality of 72-84% in soil column assay in 7days.
In field WP formulations of EPN reduced the grub
populations by 72-80% in 90 days of application and
EPN could be retrieved 90 days after application
(Fig. 21).

Field efficacy of EPN formulations against
whitegrubs, Anomala ruficapilla and Holotrichia
species was tested in fodder grass at Experimental
Station, Doddaballapur, Bengaluru during Kahrif
season 2013, WP formulations of H. indica and 5.
abbasi reduced 44-68% grubs in 30-45 days.

Suitability of WP formulations of EPN for
delivery of EPN through drip irrigation to brinjal
rhizosphere for control of ash weevil grubs

WP preparationsof three NBAII entomo-
pathogenic nematodes were suitable for field delivery
of EPN through drip irrigation to brinjal rhizosphere
at NBAII Yelahanka Campus. The preparations
effectively reduced incidence of Myvllocerus
subfasciatus grubs in brinjal by 68% and increased
yield by 24%.

Research Report as part of NAIP-NABG
Overseas training for 3 months at Washington
State University, Pullman

e  Datasets of Indian isolates of symbiotic bacteria
of entomopathogenic nematodes (obtained
previously in DBT project) were used for in
silico analysis during the training and five studies
were completed.

s Whole genomes of four bacterial isolates of
NBAII were successtully de nove and ref
sequenced, assembled, annotated and analyzed
for the first time. Genome sizes ranged from 4.57
to 5.16 mb (Fig. 22).
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Fig. 21. Redgram field in Doddaballapora infested with whitegrubs (left): Recovery of plant stand in treated Geld (right)
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Fig. 22. Genome sizes of Indian (NBATT) strains of symbi-
otic bacteria associated with EPN.
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Two transcriptomes of the Indian bacterial
isolates have been de nove sequenced and
expression ol genes related to virulence and
pathogenesis proteins analysed (Fig, 23). The

two bacteria exhibited variations in their

expressed contigs.

i
317,05, 647
853,85 059
2445, T8 919
213366, 745

Fig. 23. Transcriptome analysis of NBAIT isolates of EPN
associated bacteria

Four unique genome sequences of EPN-
associated bacteria were submitted o NCBI

as Bioprojects. NCBI accession numbers have

been obtained.

Seventeen short sequences from these bacterial
genes were submitted to NCBI and accession
numbers obtained.

SNP analysis for the four bacterial genomes done
and a baseline data base created. Of the four
Indian strains of bacteria. three bacterial
genomes exhibited SNPs with their respective
global sequences indicating that these bacteria
are unique or distinct to India, establishing that
there is clear variability among the species
world-wide, While one sequence exactly
matched with the global sequence in NCBI
senebank indicating that this Indian strain did
not exhibit variability .

Based on the information obtained from
the whole genomes of these bacteria.
information on the genes associated with vanous
cellular, molecular and functional roles and their
number has been obtained (Figs. 24, 25 and
26). Genes and pathways related to their
virulence and pathogenesis against insects were

identified.

Role of microbial flora of aphids in insecticide
resistance

Live populations of aphids belonging to Aphis

gossipii, A. craccivora and Myzus persicae were
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symbiont, Xenorfiabdus sp. strain NBAIT Saxe(d4

chromeosome  «

bactortal-type Magellam
integral te plasma membrane
pllus

ribsame

mermbrane

plasma mambrana

cytaplasm

e

O 50 100 150 200 250 300 350 400
W Nurmnber of ORFs

Fig. 25, Cellular role of ORFs discovered from bacterial
symbiont, Xenorbabdus sp. strain NBAT Saxe(4
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Fig. 26. Molecular role of ORFs discovered from hacterial
symhbiont, Xenorhabdus sp. strain NBATT Saxe0d

collected from Kamataka on different crop plants. A
total of 9 bacteria were identified as Bacillus
arvabhattai, B. cereus, B. firmus, B. horikoshii,
B. jeotgali, B. massiliensis, B. subtilis,
Exiguobacterium indicum, Moraxella osloensis
and Paenibacillus lautus. A total of 30 identified
bacterial 165 rDNA sequences were deposited at
GenBank and accession numbers KC465366,
KC603539-KC603546 and KC707524-
KC707552 were obtained. Phylogenetic affiliation
of the microflora of aphids was accomplished.
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Studies on Trichogramma brassicae and Colesia
vestalis interaction with their host in cabbage

Maintenance of parasitoid cultures

Twenty one populations of Cotesia vestalis
were collected from Gujarat, Karnataka, Andhra
Pradesh, Tamil Nadu, Orissa, Maharshira, Uttara
Pradesh, Himachal Pradesh, Meghalaya, Jammu &
Kashmir, Punjab and Assam. The parasitoid
population obtained from DBM collected on
cabbage/cauliflower crops, from different locations,
were maintained on mustard seedlings Brassica
Juncea raised on vermiculite in ice cream cups under
laboratory conditions (at 25 + 2°C and 65% RH).

Resistance levels to insecticides

The bioassay was conducted for field collected
C. vesralis populations using three different
insecticides i.e. Indoxocarb, Spinosad and
novoluron. Insecticide resistance level was exhibited
by using Resistance ratios (REs) in terms widely
accepted as follows i.e. susceptibility (RR=1),
tolerance to low resistance (RR=2-10), moderate
resistance (RR=11-30), high resistance (RR=31-
100) and very high resistance (=100). Based on the
resistance factor (RT) or resistance ratio (RR) the
spinosad exposed CVH populations showed high
resistance f.e. it showed 79.76 and 32.45 fold
increase respectively while the rest showed tolerance
to low resistance. CVH population showed moderate
level of resistance to Indoxocarb with 12.92 fold
increases and rest of the populations showed
tolerance to low level of resistance. In case of
Novoluron, CVP and CVH populations showed
moderate level of resistance with 23.64 fold and 17.28
fold increase while the other showed low level of
resistance. Out of the three insecticides, for Spinosad
high resistance was observed. Moderate resistance
was observed for Novoluron and low resistance was
observed for Indoxocarh.

Esterase activity in insecticide resistance

Esterase activity in pesticide (Indoxocarb 14.5%
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SC, Spinosad 45% SC, Novoluron 10% EC)
exposed populations were determined (Fig 27).
Out of 10 field collected populations, Indoxocarb
exposed CVP population showed 2.4 fold
higher esterase level than the lab population. in same
way Indoxocarb exposed CVT, CVH. CVA, CVD,
CVV and CVIJ populations showed 2.3, 2.15, 2.0
fold higher esterase level. The novoluron exposed
C'VH population showed 2.6 fold elevated esterase
activity where as populations from CVE, CVV and
CVAshowed 2.2 fold esterase activities, CVC and
CVT showed 2 fold and 1.4 fold higher esterase
activities than that of lab population. Spinosad
exposed CVP population showed 10.32 fold higher
esterase activity, 7.74 fold increased activity was found
in CVT and CVD populations whereas CVV
population showed 7.4 fold increases in esterase
when compared with lab populations. Here the lab
population refers to the population which is having
least esterase activity.
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Fig. 27. Specific activity of esterase in field collected
Cotesta vestalis

Esterase patterns in C. vestalis were
determined in 8% polyacrylamide gel. In all of the
C. vestalis populations from different regions of
India screened in this study, a total of 5 d-esterase
bands were detected. Out of all, CVH population
showed greatest activity with thick bands, in which
the novoluron exposed one expressed three bands,
restall including CVDand CVHI population showed
only two bands (Fig. 28). In the same wayCVB and

Y
o

L T (e
41 ¢
‘é\?},d“!”

Nyt

CVV population also expressed two bands
Insecticide exposed CVJ samples showed slightly
higher expressions with three thick bands but
untreated one did not express any bands. Novoluron
exposed CVA population showed greater
activity with very thick bands but the untreated sample
showed no bands. CVP samples showed enhanced
esterase activity with three bands but the control
did not express any activity. CVT samples
showed esterase activity with expression of two thick
bands but in the control, esterase bands were not
expressed.

Fig. 28. Native polyvacrylamide gel electrophoresis (PAGE)
of insect crude homopenates, stained for esterases activity
with the substrate a-napthyl acetate.1-4 (Novoluron,
Spinosad, Indoxocarb & Control) CVH population, 5-8
{Novoluron, Spinosad, Indoxocarb & Control) CVD
population, 9-12 (Novoluron, Spinosad, Indoxocarh and
Control} CVHI population

Diversity of gut flora in different populations of
Cotesia vestalis

A total of 11 microflora were isolated and
identified from the gut of Coresia vestalis collected
from various places in India (Table 8).

Insecticide degradation studies by the bacterial
flora isolated from Cotesia vestalis

LC-MS studies to detect the concentration of
insecticides degraded and to elucidate the final
degradative product structure

Liquid Chromatography - Mass Spectrometry
(LC-MS) is applied for the analysis of thermally
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Table 8. Culturable bacteria identified in various populations of Cofesia Pvestalis  using 168 rRNA

technigue
Strain name | Bacteria Place of collection GenBank Ace. No
Cp-Ps.sp Pseudomonas sp. Shillong ( Assam) KC441059
CpG-13 Enterobacier cancerogenus | Anand (Gujarat) KC139361
CpR-12 Bacillus sp. Rajahmundry (Andhra Pradesh)| KC139360
Cp-B.spl Bacillus sp. Nawanshahr (Punjab) KC512245
Cp-PL.a Pantoea agglomerans Palani (Tamil Nadu) KC512244
Cp-b.sp2 Bacillus sp. Solan (Himachal Pradesh) KC512246
Cp-Bt Bacillus thuringiensis Jorhat (Assam) KC512243
Cp-Be Bacillus cerens Delhi KC582828
Cp-Pral Pantoea sp. Bhubhaneshwar (Orissa) KCS582827
Cp-Ps.ptl Pseudomonas putida Hoskote (Karnataka) KC58974]
Cp-Bs.sp3 Bacillus sp. Tirupati (Andhra Pradesh) KC582829

unstable molecules in complex samples. LC-MS
works on soft ionization technigue and is useful
for detection of non volatile compounds, vitamins,
amino acids, protein and peptides. The technique
was used to detect the degradation of insecticides
by gut microflora of the parasitoid. Two gut
microflora Bacillus and Enterobacter cancerogenus
were evaluated for their role in degradation of the
(O.5-Dimethyl
acetylphosphoramidothioate). The LCMS analysis
indicated ability of Baciflus sp. todegrade Acephate
(183.16 g/mol) into des-O-methyl acephate
(143.2 g/mol) based on the spectrum formed
(Fig. 29). The area of the spectrum decreased which
indicated degradation of the compound. The mass

insecticide Acephate

spectrum of the control sample showed molecular
weight of 183 which matched with the standard
acephate mass spectrum. Similarly E. cancergenus
formed a degradation product. The chromatogram
revealed reduced peak in comparison to control which
indicated degradation.

S spactum of 2E al 13 4RT | Beciliuz sp)

Fig. 29. Mass spectrum of 2E {MM+ Acephate 30ppm+
Bacillus sp.)

Division of Insect Ecology
Diversity of anthocorid predators

Anthocorid predators were collected from
different host plants: Cardiastethus exiguus from
Adenanthera pavoni, Delonix regia, rose, Butea
monosperma, Caesalpinia pulcherrima, Aegle
marmelos; Blaptostethus pallescens &
Cardiastethus affinis  from Spathodea
campanulata, Orius tantillus from sugarcane:
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Buchananiella crassicornis from Lagerstromia;
Orius maxidentex from Wedelia; and Orius
shyamavarna from Butea monosperma.
Physopleurella sp. (could be P armata) were
collected from infested flour in a warehouse.
Buchananiella indica collected from crossandra and
Amphiareus constrictus collected from sugarcane
and Anthocoris muraleedharani collected from
ficus were amenable to rearing on alterate laboratory
host eggs. Blaprostethoides pacificus from
sugarcane and Oriis amnesius from rose are first
records for India. Two new unidentified species of
Orius were collected from hibiscus and Burea.

Biology and feeding potential of Amphiareus
constrictus

The anthocorid predator Amphiareus
constrictus was collected for the first time from
sugarcane in Mandya, Kamataka. This predator was
earlier recorded as a predator of hoppers (BPH and
GLH) on rice in Mandva in 1976. This 1s the first
attempt at its mass rearing in the laboratory, This
anthocond was amenable to production using UV-
irradiated Corcvra cephalonica eggs. The total
developmental period was 16.4 days. Male longevity
was 55.7 days and female longevity was 55.3 days.
Fecundity was 84.7 eggs per female. The total feeding
during nymphal stage was 35.2 eggs. Adult female
could feed on 93.5 eggs throughout its life ime and
per day it could feed on 2.7 eggs.

Studies on anthocorid predator Buchananiella
indica

Buchananiella indica was collected from
dry flowers of crossandra in Karnataka. This
anthocorid is amenable to laboratory rearing on
alternate laboratory host eggs. As on date. it has
been reared for more than 10 generations in the
laboratory. The biology of B. indica was studied in
the laboratory. The incubation period was 4.2 days
and nymphal period 15.8 daysThe adult male and
female B. indica lived for 30 and 31.2 days.
respectively and the fecundity was 33 eggs per
temale. Nymphal teeding potential was 2.57 eggs per
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day and total 29, adult feeding was 2.23 eggs per
day and total 79.83.

Evaluation of predatory mites against chilli
thrips

A net house experiment was conducted o
evaluate predatory mite releases against thrips
infesting chilli. Prior to treatment, per cent curling was
65.2 and 46.3 in treatment and control, respectively
(Table 9). After the first and second releases, per
cent curling was (0.1 and 0.2, respectively in treatment
and the corresponding values in the control were 66.9
and 82.3 %. respectively. The pre-treatment counts
of thrips per leaf were 1.3 and 1.3, respectively in
treatment and control. The first post treatment counts
were 0.1 and 2.7 thrips per leaf in treatment and
control, respectively and 0.0 and 1.7, respectively in
the second post-treatment count. At the end of the
experiment, 100 % of the treated plants bore flowers
and fruits, while in control 50% had flowers, 16.7%
with flowers and fruits and 30% of the plants were

dead.

Table 9. Effect of release of predalory mites on
chilli thrips

Treatment % curling of |No. of thrips per
terminal leaves leal
Trea- [Control| Trea- Conirol
fed ted

Pre-treatment 65.2 | 463 (i |

Post-treatment 1| 0.10¢ | 669 01" 270

Poststreatment 2] 0.20 g23h 0. )

Effect of constant temperature regimes on the
biological parameters of Xylocoris flavipes

The effect of temperature on the warchouse
pirate bug Xylocoris flavipes was studied.
Considering the nymphal survival and fecundity,
constant temperatures of 17 and 36 “C are not
suitable for rearing X. flavipes and 22 and 27°C are
the optimum temperatures. The developmental
threshold temperatures for incubation, nymphal and
total development were 7.85, 12.28 and 11.8,
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Fig. 3. Egg stage: Lower threshold temperature: 7.85°C;
upper threshold: 37.6°C & thermal requirement:
104.17DD
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respectively and upper threshold temperatures 37.6,
31.5and 32.1°C. respectively, indicating that the egg
stage is least heat-sensitive (Figs 30, 31 & 32).

Maintenance and supply of live insect
germplasm
During 2013-14, 109 species/strains of live

insects were maintained continuously. 980
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consignments of live insect cultures were supplied and
arevenue of Rs 3,26,353 was generated.

Diversity of bioagents and their amenability to
rearing

Trichogramma danaidiphaga (ex sphingid
eges infesting Calotropis in Kerala) was able to
parasitise Corcyra eggsin the lab. Telenomus sp. (ex
egg masses of Mythinina on sugarcane in Karnataka)
wis amenable to rearing on Spadoprera litura eges.
Anastatus acherontiae (ex eri silkworm eggs on
sugarcane in Karnataka) was amenable to rearing
on eri silkworm eggs. Anastatus bangaloriensis (ex
mantid egz mass on sugarcane in Karnataka) was
amenable to rearing on eri silk worm eggs.

Ovipositional behaviour of Helicoverpa
armigera on pigeonpea plants grown under
elevated levels of CO,

A trial was conducted on the behaviour and
biology of Helicoverpa armigera on pigeonpea
grown under elevated levels of CQ, in open-top
carbon dioxide chambers.

The females of H. armigera preferred to lay
more eges on the pigeonpea plants grown at 300
ppm of CO, + 2°C compared to plants grown at
ambient conditions (Table 10).

Volatile profile of pigeonpea grown under
elevated levels of CO,

The volatile profile of pigeonpea plants grown
under 500 ppm CO, was analysed using GCMS,
Plants grown at 500 ppm of CO, showed the
presence of compounds like 4 copaene in addition
to an array of volatiles, which may be responsible for
the attraction of females.

Incidence of Liriomyza trifolli on tomato grown
under elevated levels of CO,

Tomato plants were grown in open-top CO,
chambers with different levels of CO.. The incidence
of Liriomyza trifolii was significantly higher in the
chambers with elevated levels of CO, and
temperature (Table 11).
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Table 11). Ovipositional preference of Helicoverpa armigera to the pigeon pea inflorescence/young

pods in dual choice test

Mean no. Mean ne. of Mean no. of eggs
Treatment of eggs in eggs in SO0 ppm laid in 500
ambient CO, CO, ppm CO, +2°C
Ambient vs elevated CO, 196.6 4174
Ambient vs elevated CO, + 2°C 376 575.0
Elevated CO, vs elevated CO, +2°C 3937 358.7

Table 11. Incidence of Liriomyza trifolii on tomato grown under different levels of carbon dioxide and

lemperature

Treatment

Per cent leaves infested

Observation-1 Observation-2

Ambient temperature and CO, §2 10.6
Carbon dioxide 500 ppm and ambient temperature 14 209
Carbon dioxide 500 ppm + 2 "C above ambient 14.0 222

Plant-based formulation to attract Bactrocera
dorsalis

A plant-based attractant was developed and
evaluated in three field trials for comparison with
methyl eugenol. The new formulation was more
effective than methyl eugenol in terms of trapping the
fruit fly Bactrocera dorsalis.

Plant volatile-based deterrent for Helicoverpa
armigera

Three formulations of plant-derived volatile
compounds were tested for their efficacy as deterrents
for Helicoverpa armigera on chickpea. All the new
compounds showed good ovipositional deterrence
compared with control.

Monitoring of papaya mealybug and its natural
enemies on papaya and other hosts

Based on the samples received from various
sources and also the survey conducted for the
incidence of papaya mealybug in Karnataka it was
observed that the infestation was very low, sporadic
and below pest status.

Occurrence of papayva mealybug on papaya,
weeds and other host plants in Karnataka

Incidence of papaya mealybug was very low in
Karnataka. Damage in the score of 3 (1- 5 scale)
and below only were observed sporadically in
homesteads. Surveys in 25 papaya orchards revealed
the presence of Acerophagus papayae in all the
places whereever papaya mealybug was observed.
Spalgius epius was also recorded.

On Hibiscus the papaya mealybug was found
invariably associated with Maconellicoccus hirsutus,
Phenacoccus solenopsis and Ferrisia virgata. On
tapioca, it was found associated with B madeirensis.
Acerophagus papavae parasitized up to 72% on
hibiscus.

About 84-86% parasitization was observed on
Parthenium and 72-79% on Sida acura and
Acalypha. In alaboratory study, it was confirmed
that there was no significant variation in parasitization
by A. papavae on papaya mealybug grown on
different weed species. Per cent parasitization by
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Table 12. Parasitization of Paracoccus marginatus
by Acerophagns papayae in leld collected

samples
Month Number of | Parasitization
fieldsamples (%)
ohserved
March 2013 2 724
April (&) 86.5
May 12 8272
June 5 G635.5
July 9 622
August T 4.5
September 5 66.2
October 2 635
Movember 2 69.8
December 4 684
January 2014 3 55.7

Table 13: Distribution ol Acerophagus papayae

to farmers

Month Number of | Number of
people parasitoids
requesting issued
culture
March 2013 3 1000
April 0 0
May 2 1000
June 5 3000
July 9 4500
August 6 3000
September 5 4500
October 3 1500
November 2 1000
December - 2500
January 2014 3 2000
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A. papavae of P, marginatus is given in Table 12.
Supply of host insects and natural enemies

Acerophagus papavae cultures were sent to
Nashik, Rajahmundry. Bhubaneswar, Guwahati,
Madurai, Puducherry, Kayangulam, Rayakottai,
Anantapur, Chittoor in addition to local supplies in
Karnataka (Table 6). Cultures of gall fly
Cecidochares connexa were also supplied to
researchers for field releases across the country.
Parasitoids of Leptocybe invasa were given to
several paper mills and also to state departments of
horticulture and forestry for releases in their states.
In addition, cultures of Pseundleptomastix mexicana
and Anagvrus loecki were also supplied to KVKs,
universities departments and ICAR institutes for
maintenance and mass production from their end
(Table 13)

Host range of invasive Jack Beardsley
mealybug in Karnataka

Survey for invasive insects in south India
revealed the occurrence of Pseudococcus
Jackbeardsleyi in Tamil Nadu and Karnataka.
It was found with papaya mealybug on papaya
(Fig. 33) in Bangalore. It was also found on
flowers of custard apple (Annona squamosa),
purple martin (Streptocarpus sp.) and jasmine.
Along with papayva mealybug it was found on
papaya, tapioca, chrysanthemum and Indian
spinach (Basella alba). It is associated with
Phenacoceus solenopsis on parthenium and
chrysanthemum (Fig. 34).

Ever since the first report of this invasive
mealybug, the host range is expanding day by day in
India. As in case of the other invasive species
observed P solenopsis or Paracoccus marginatus,
in the beginning the establishment on weeds and
omamental crops was fast and coexistence with
several other sucking pests was observed. This
invasive mealybug is a very slow establishing species
and is expanding slowly. Some of the local natural
enemies like Cryprolaemus montrouzieri, Spalgis
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epins and unidentified species of gnats are keeping
its spread under check.

o 0 I T

Fiz. 33, Jack Beardsley mealybug on papaya (left) associated with papaya mealybug (centre).
Female with ovisae (right)

in pots can also be used for mass production of
parasitoids.

Fig. 3. Psendococcus fackbeardsleyi on chrysanthemum (left)
associated with aphids (centre). Adult fermale (right)

Mass production of Pseudococcus
Jackbeardsleyi on potato sprouts and pumpkin

Rearing on raw papaya fruits: F. jackbeardsleyi
can easily be mass-produced on raw papaya fruits.
Fresh smaller size (diameter 2-4 inches) papayas
which are not mature are selected for rearing the
mealybug. Within 28 to 32 days the whole papaya
will be covered with mealybugs. Raw papaya can
support only one or two generations of the mealybug.

Rearing of . jackbeardsleyi on pumpkin: Green
pumpkins supported mealybug growth much better
than the bottlegourd.

Although many methods and host plants were
tried for the mass production of the host mealybug
P marginatus, rearing on potato sprouts was found
to be easy and cost-effective (Fig. 35). The same
method was used for mass rearing jackbeardsley
mealybug as well. Between 14 and 20 days, intested
potatoes can be removed and set-up in cages to be
used for the rearing of the parasitoids. Potato plants
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Eucalyptus gall wasp management

Leptocybe invasa, the eucalyptus gall wasp,
was effectively managed by the release of
Cicclrastichus mendeli. The indigenous parasitoid
Megastiemus viggiani was also supportive in
bringing down the population of the gall wasp.
with15-20% parasitization. It has been established
in Uttar Pradesh, Punjab and Uttaranchal.
Megastigmus was more effective than Q. mendeli
in north India.

Interaction of indigenous and introduced
parasitoids of eucalyptus gall wasps

Interaction of indigenous and introduced
parasitoids of eucalyptus gall wasps was studied and
it was found that resource utilization by both the
parasitoids was mutually exclusive (Table 7).
Ouadrastichus mendeli preferred young larvae of
L. inmvasa which were within the green galls, whereas
the local parasitoid Megastigmus viggianii selected
larvae within the older pink and brown galls.
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Vig. 35. Psuedococens jackbeardsievi on raw papaya fruits and potato sprouts (top row). Establishment of
Pynedovocens foekbeardsleyi on fully ripe and mature green pumpkins (bottom row)

Eryvthrina gall wasp managment

Incidence of the erythrina gall wasp,
Ouadrastichus ervthrinae, was found to be severe
in Mandya and Chamarajnagar districts of
Karnataka. Aprostocetus gala was found to be the
major parasitoid of Q. ervthrinae. Up to 46%
parasitization was observed in the field. It was clearly
established that Aprostocetus gala is not a gall
former in Ervehrina plants but a very good parasitoid

of Quadrastichus ervthrinae. Aprostocetus gala
was unable to parasitize Leptocybe invasa in both
nethouse and field studies.

Establishment of Cecidochares connexa

The biocontrol agent C. connexa released to
manage the weed Chromolaena at different places
has established. An average of 9-12 galls were
found in 5 minutes search in a 450 m area around
the released spot. New releases were made in

Table 14. Interaction of Quadrastichus mendeli and Megastigmus viggianii  parasitoids of gall wasp

Leptocybe invasa

Quadrastichus mendeli

Megastigmuy viggianii

Only females

Both sexes present

Prefer only young green 35-40 days galls of L. invasa

Prefer only brown and red 45-65 days galls of
L. invasa

No parasitoid emergence from galls aged above 95 days|No parasitond emergence noticed before

75day old galls

other

Mutually exclusive utilization of resources observed and the parasitoids are complementary to each
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Jharkhand in collaboration with Directorate of Weed
Science Research, Jabalpur.

Biology of Anagyrus amnestos: Major parasitoid
of Phenacoccus madeirensiy

The biology of Anagyrus ammestos was studied
and the different attributes are presented in Table 15.

Table 15: Biology of Anagyrus amnestos on
Phenacoccus madeirensiy

Attribute

Fecundity 36-95/Female

Developmental period (male) 16-21 days

Developmental period (female)| 15-18days

Longevity (male) 18-20 days

Longevity (female) 30-32 days

Active temperature range 20-31°C

Host stage preference 3 and final

instar

Super parasitism Observed

with 4-7 /host

Mean per cent parasitization 45-72%
Density
dependent
More at low
host density

Collection, documentation and identification of
non-Apis hees on different host plants

Over 200 specimens of bees belonging to
Apidae. Megachilidae, Anthophoridae and Halictidae
were collected on different host plants and curated
for further studies.

Nest-building activity of a megachilid
(Megachile lanata) was studied in detail and
documented (both photographs and video). This
species an important pollinator of pigeon pea and
sunhemp. The bee nested in a hollow stem of
bamboo.

Megachile anthracing, a major pollinator of

sunhemp uses pigeonpea and Cassia leaves for
building its nest.

Milletia pinnata (Fabaceae) which flowers
during February- March observed to attract many
megachilids apart from Apis and other bees. Virex
negundo (Verbenaceae) is known to attract smaller
Xylocopid bees. Both the plants provide rich nectar
and pollen for their survival in summer.

Aspecies of Terralonia (Apidae), pollinator of
Argyreia cuneata (Convolvulacaeae) was recorded.
This bee species appears to be host specific. These
wild bees are very important in pollination of crops
belonging to Convolvulaceae and Malvaceae where
the population of Apis spp. is not present or is
inadequate. The frequency of visits and time spent in
each flower and other parameters were studied.

Establishment of a *Pollinator Garden’

A “Pollinator Garden™ has been developed in
about 0.7 acres at the Yelahanka campus. This garden
has over 70 species of plants belonging to diverse
families (trees. shrubs, herbs and climbers) which are
known to be attractive to diverse pollinator groups
like bees, butterflies. flies, beetles, ants and even
birds! This garden aims to attract and support a wide
range of pollinators during the season to aid pollination
in cultivated crops.

Characterization of gut microflora of leaf
hoppers

A total of 37 culturable gut bacteria and a
culturable yeast were characterized and identified
from 13 live populations of leathoppers (Amrasca
biguttula bigurtula, Empoasca spp.. Nephotertix
nigropictus and Bothrogonia) and a planthopper
(Nilaparvaia lugens), which have been exposed to
ditferent insecticides. All the organisms were
characterized through morphological and molecular
methods.

The bacteria associated with A. b. biguttula
were Microbacterium imperial, Bacillus
arvabhattai, Staphvlococcus epidermidis,

Janibacter anopheles, Bacillus cereus,
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Staphvlococcus aureus, Micrococcus luteus,
Agrocoaccus  terreus, Bacillus
Staphylococcus warneri, Staphylococcus hominis,
Staphylococcus arlettae, Pseudomonas stutzeri,
Bacillus pumilus and Enterobacter spp.

CEFEUS,;

The bacterium Enterobacter cloacae and the
yeast Filobasidium floriforme (Fig. 36) were
associated with N. lugens,

Fig. 36. Filobasidium floriforme

The culturable bacteria associated with N.
nigropictus were Enterobacter cloacae,
Stenotrophomenas maltophilia, Bacillus firmis,
Enterobacter cloacae, Kocuria kristinae,
Stenotrophomonas maltophi and Bacillus flexus.

The culturable bacteria associated with Empoasca
spp. are Bacillus stratosphericus and Micrococcus

spp.

Lysinibacillus fusiformis was isolated and
characterized from Bothrogonia sp.

Detection of Wolbachia from the leafhoppers
Bothrogonia and Amrasca biguttula biguttula

Welbachia was detected in two leathopper
species, viz. Bothrogonia sp. and A. biguttula
biguttula (Fig. 37).

Growth of Enterobacter cloacae in the minimal
broth under different concentrations of acephate

Maximum growth of Enterobacter cloacae
was recorded in the minimal broth after 3 days of
inoculation in all concentrations of acephate as
compard to control. The maximum OD value
recorded was 1.0 at 3 days after inoculation under
50 ppm concentration of acephate as compared to
control where it was 0.8, (Fig 38).
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Fig. 37. Lane 1: 1i-bp marker, Lane 2: Positive control,
Lane 3: Bothrogonia spp.. Lane 4: A.biguttula biguttula
Lane 5: SLH, Lane 6: AVLH, Lane 7: LH-K1, Lane 8: LH-
K4
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Fig. 38. Growth of Enterobacter cloacae in the minimal
broth under different concentrations of acephate

Growth of Bacillus pumiluys in the minimal broth
under different concentrations of acephate

Maximum growth of Bacillus pumilus was
recorded in the minimal broth after 3 days of
inoculation in all concentrations of acephate as
compard to control. The maximum OD value recoded
was 0.8 at 3 days after inoculation under 50 ppm
concentration of acephate as compared to control
where it was 0.6. (Fig. 39).

Cage studies to identify viruliferous leafhoppers
and/or planthoppers from direct field collections

Sweep-net samples of all the dominant captured
species were taken from the canopies of both crops
and weeds in the moming hours from April 2013 o
March 2014. Leathoppers and planthoppers were
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Fig. 39. Growth of Bacillus prumilis in the minimal broth
under different concentrations of acephate

sorted to species, or at least genus, and caged in
aroups of five insects on healthy sesame, brinjal and
periwinkle seedlings in the greenhouse for at least 48
h. Plants were allowed to grow on greenhouse
benches for at least one month to observe for
symptoms. Out of the 15 species of leafthoppers
belonging to 5 subfamilies of Cicadellidae tested, only
Batracomorphus angustatus, Cicadulina
bipunctata. Exitianus indicus. Hecalus sp..
Hishimonus phycitis, Nirvana pallida and Orosius
albicinctus were found to be viruliferous based on
symptom production in brinjal, sesame and/or
periwinkle. Though other leathoppers were absolutely
nonviruliferous, Austroagallia sinuata showed
inconsistent transmission. Three planthoppers,
including a Stenocranus sp.. were not found to be
carrying phytoplasmas.

Understanding the feeding processes of putative
insect vectors

A comparative analysis of the mouthparts of
Hishimonus phycitis and Orosius albicinctus
indicated only minor perceptible differences between
the two. The salivary glands of both species resembled
that of other deltocephaline leathoppers, though the
paired principal glands were larger in F1. phveitis. In
seneral, on both sesame and brinjal, exploratory
probing of H. phycitis was more pronounced than
that of O. albicincms. The Latter was found to restrict
itself to test probing on brinjal. The salivary flanges
or feeding marks lett by H. phveitis on both sesame
and brinjal were similar.
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cytochrome oxidase [ (COI) gene was amplified
through PCR and the resultant product was
sequenced. DNA barcoding was completed for
Nirvana pallida, H. phyveitis and O. albicinctus,
and the nucleotide sequences were submitted to
GenBank (KJ463911, KJ463912 & KJ465913).

Effect of entomofungal pathovens on Bemisia
tabaci infestation in tomato and capsicum under
protected cultivation

Entomofungal pathogens were evaluated
against Bemisia tabaci on tomato (cv. NS501) and
capsicum (¢v. Indria) during February-May 2013,
Four rounds of foliar sprays with oil formulations of
fungal pathogens at a spore dose of 1x10%spores/mi
were applied at 15-day intervals during March-April
2013. Among the nine entomofungal pathogens
tested, Lecanicillium lecanii (V1-8 isolate) and B.
bassiana (Bb-Y isolate) showed significantly lower
whitefly population on tomato (15.29 & 17.21
whitetlies/plant, respectively) compared with
untreated control (48.24 whiteflies/plant in tomato),
indicating a reduction of 68.3 and 64.3% (Table 16).
VI-8 treated plants showed significantly higher yield
(5.06 kg/plant) than untreated control (3.42 kg/plant).
The yields recorded in the plants treated with other
fungal pathogens were on par with control.

Among the nine entomofungal pathogens tested.
L. lecanii (VI-8 isolate) and Beauveria bassiana
(Bb-9 isolate) showed significantly lower whitefly
population on capsicum (6.47 & 6.98 whiteflies/plant,
respectively) than the untreated control (28.12
whiteflies/plant) indicating a reduction of 77.0 &
75.1%, respectively (Table 16). However, there was
no significant effect on the yield.

Field evaluation of entomofungal pathogens
against cabbage aphid (Brevicoryne brassicae)

Entomofungal pathogens were evaluated
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Table 16. Effect of fungal pathogens on whitefly (Bemisia tabaci) on tomato and capsicum

Isolate Tomato Capsicum

No. of T Yield No. of o Yield

whiteflies/ | reduction | (kg/plant) whiteflies/| reduction (kg/plant)

plant overcontrol plant over control
Bb-9 17.21° 64.32 4.89" 6.98" 75.12 242
Bb-36 36.08" 25.21 3.98* 20.18" 30.24 1.94
Bb-68 31.84" 34.00 4.06™ 17.36" 38.27 1.78
Ma-6 3042°* 36.94 4.26™ 16.23" 42.29 1.92
Ma-41 28.46" 41.00 4.62% 12.55" 5545 219
Ma-42 34.92% 27.61 4.01* 19.98" 28.95 1.86
VI-8 15.29¢ 68.30 5.06° 6.47" 77.00 2.56
VI-12 29.92» 37.98 4.36" 15.16" 46.09 2.09
Vi-32 26.93" 44.17 479" 13.19" 53.10 237
Control 48.24" - 342 28.12¢ - 1.68
CD@5% 9.23 - 1.64 7.60 - NS

against Brevicoryne brassicae on cabbage (cv. Saint)
during July-November 2013. Three rounds of foliar
sprays of oil formulations of fungal pathogens ata
spore dose of 1x10° cfu/ml were applied at monthly
intervals during August, September and October
2013. Among the nine fungal pathogen isolates
tested, Bb-5a, Ma-6 and VI-8 isolates showed
significantly low aphid population/leaf (4.62, 5.82 and
5.06, respectively) with a reduction of 60.0-68.25%
over conirol (Table 17). However, the
entomopathogens did not have any direct effect on
the yield.

Chemical profiling of Bactrocera dorsalis and
B. caryeae using proton NMR spectroscopy

About nine species of Bactrocera are known
to occur in India. Metabolite signatures (NMR)
provide a valuable method for identifying the larval
stages of different species by means of lissue extracts.
Therefore, we tried this method to differentiate the
larval stages of B. dorsalis from those of B. carveae.

With '"H NMR spectral analyses, we obtained
chemical shift (ce) values in B, dorsalis of ¢.84(m),
ct0.85(d), 0t1.25(s), ct1.28(s), t1.37(s), o1.42(s),
ct1.58(s), 2. 16(s) whereas in the case of B. carveae
the values obtained were ¢t 0.96(q), 1.25(s). 1.32(d).
L45(g). 1.54(m), L.68(s), L.71(t). 1.75(s). 2.07(1),
2.16(s), 2.34(t), 4.09(d). 4.30(t). 4.99(q).
5.16(g),7.52(m). The data showed that there are two
different sets of peaks in the two species.

Non-target effects of chitosan-alginate
nanoparticles on the biology of Chrysoperla
zastrowi  sillemi

The effect of continuously feeding the larvae
of Chrysoperla zastrowi sillemi with
Corcyra cephalonica eggs mixed with chitosan
alginate nanoparticles was studied for over 10
generations and the results indicated that there
was no significant difference in the biological
parameters. viz. percentage hatching, pupal
formation, adult male and female survivability,
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Table 17. Effect of fungal pathogens on incidence of cabbage aphid Brevicorvne brassicae
Isolate Pre-count Post-count % reduction Yield/ha (kg)
(aphids/leal) | (aphids/leafl) Over control | Over Pre-
treatment
Bb-5a 1L97 4.62- 68.25 61.41 17168
Bh-9 12.07 10.53 27.63 12.76 16378
Bb-68 13.50 0,14 31.19 3230 16124
Ma-4 16,60 8. 18 45.79 50.73 16796
Ma-6 16.73" 5.82¢ 60.00 63.22 16974
Ma-41 17.03" 8.09~ 44.40 52.50 16746
W1-8 16.00 5.06° 65.23 68.32 17080
Vi-12 1533 798 45.16 47.95 16264
V1-32 17.57" 10,02 34 4298 16428
Control 16.40" 14.55 - 1129 16238
CD@E 5% 7.22 532 NS

fecundity, in comparison with control. In the
morphometrics and longevity of male and female
adults of F1 to F10 generations also showed
nonsignificant results. On histopathological
examination of the control and treatment adult male
and female insects showed no observable change in
the head and mouth parts (Fig. 41), insect muscle.
midgut from F1 to F10 generations. Thus, based on
the above observations, it may be concluded that the
feeding of the nanoparticles mixed diet had no adverse
effect on the adult male and female insects for 10
generations when compared to insects fed with normal
diets.

Characterization, functionalisation and
assembly of nanosensors and their applications:
IS¢, Bangalore Funded

Pheromone nanosensors are required for early
detection of pest (Fig. 40). to measure the
concentration of pheromones in the field and to
release pheromones from devices in appropriate
quantity and time. The chemically functionalized

nanosensor devices were fabricated with the 1Sc,
group. These nanosensor devices conform to the
acceptability of food for human consumption by
following the food safety and standards authority of
India (FSSAI) as per Chapter IV (20, 21). These
nanosensors have no direct contact with food articles.
These inventions also strictly follow the FAO/WHO
food standards and follow the guidelines of the
Hazards and Critical Control Points (HACCP)
analysis, and Codex Alimentarius Commission, The
IS0 22,000 uses the HACCP which ensures food
safety for the entire farm to fork chain.

Fraipemsor
F ——
RPN Signal

ot Creen Enfiesped Moo Flama

Healihy Rics Plani
Signal

Fig. #1. Schematic representation of nanosensor utilizing
volatiles of stem borers
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Fig. 41. A. Female mouth (Control), B. Female mouth (Treated) (H&E, scale bar = 100pm)

ALLINDIA COORDINATED RESEARCH
PROJECT ONBIOLOGICAL CONTROL

Biodiversity of biocontrol agents from various
agro ecological zones

Twenty two batches of Trichogramma, 9
batches of Chrysoperla, 5 batches of Chelonus
blackburnii, 12 batches of coccinellids, and 19
batches of spiders were collected from South
Telangana (ANGRAU). The natural enemies
recorded were coccinellids, Coccinella septempun-
ctata, Menochilus sexmaculata, Scymnus
coccivora, Encarsia flavoscurellum, Dipha
aphidivora. Micromus igorotus, syrphids on
sugarcane woolly aphid in sugarcane, Coccinella
transversalis, M. sexmaculata, Brumoeides sutura-
lis. Scymnus coccivora, and Triomara coccidivora
in mealy bug colonies on custard apple, Acerophagus
papavae, Pseudleptomastix mexicana and
Mallada boninensis, Spalgis epins on papaya mealy
bug and Eublemma amabilis on ber, a predator of

lac insects.. The Cryprolaemus adults were
recovered from the pre-released plots of custard
apple. Amongst the target pests, Psendococcus
Jackbeardsleyi was recorded on custard apple in
the vicinity of Pune. Papaya mealybug, Paracoccus
marginatus was also observed on pigeon pea and
Abutilon indicum with enormous population of
parasitoid Acerophagus papava (MPKV).One
species of Chrysoperla, 37 species of coccinellid
beetles, 20 species of hymenopteran parasitoids of
Liriomyza trifolii and/or Chromatomyia horticola,
3 species of predatory thrips, 2 of anthocorid bugs,
9 of syrphid predators and 9 of predatory mites were
collected (YSPUHEF).

The natural population of C. montrouzieri was
observed throughout the year in a density dependent
manner, Fifteen species of lady bird beetles were
collected from different parts of East Siang District
of Arunachal Pradesh (CAU).

The egg parasitoid was recovered from eggs of
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sugarcane top borer collected trom Paddi
Khalsa (Jalandhar) was identitied as Trichogramma
Japonicum. About 7.5 to 35.8% of natural
parasitization with Trichogramma was obtained
on sentinel cards collected from the fields of maize
at Hoshiarpur and Ludhiana. In the cotton fields at
Fazilka and Karni Khera, about 353%
Trichogramma adults were obtained from naturally
parasitized sentinel cards (PALI).

Rice

Actotal of 117 species belonging to 8 orders, 63
families of insects and spiders were collected and
identified. of which 45 were pest species. 44 were
predators, 24 were parasitoids and 4 were others.
Three species of egg parasitoids Tetrastichus
schoenobii, Trichogramma japonicum and
Telenomus spp were observed on eggs of S
incertulus and 8. fuscifluaviz,. The yellow hairy
caterpillar Psalis pennatula was found in large
numbers and 10 per cent larvae were parasitized by
Brachymeria sp. In addition, natural enemies of rice
pests have also been surveved and collected from
Chinsurah and Kalimpong in West Bengal. The red
long winged planthopper, Diostrombus polites was
abundant in Kalimpong. The dark headed borer,
Chilo polvehrysus and the grass web worm,
Herpetogramma sp. were also recorded. The
skipper Parnara guttata was prevalent with 75 per
cent parasitisation by Apanteles sp. Fortnightly
collection at DRR tarm yielded 140 species of natural
enemies of which 75 were predators and 65
parasitoids. The fungus causing mycosis in rice bugs
(Leptocorisa sp.) was identified as Acremonium

fioliae (KAL.
Vegetables

Phenacoccus solenopsis was the dominant
mealy bug infesting tomato, brinjal, Capsicum,
pointed gourd, okra and Centrococcus insolitus on
brinjal. Two prominent endoparasitoids viz..
Aenasius bombawalei and Promuscidea
unfasciativentris (Hymenoptera: Encyrtidag) of
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Phenacoccus solenopsis were noted. Tritrophic
interaction (Host plant— F: solenopsis — parasitoids)
was observed during the recovery of the parasitoids
from different hosts and highest cumulative recovery
was obtained from tomato (33.67%) followed by
okra (30.45%) (IIVR).

Plantation / condiments

The earwig, Auchenomus hincksi (Dermaptera:
Labiidae) was noticed as egg predator of banana
pseudo stem weevil. The earwigs Paralabis dohrni.
Charhoespania nigriceps, and Euborellia shabi
(Dermaptera: Labiidae) were found feeding on eggs
and early instar grubs of the banana rhizome weevil,
C. sordidus. The coccinellid predators collected on
the banana aphid were Pseundaspidimerus
trinotatus, Scymnus pyrocheilus, Jaurovia soror,
Seymnus spp., Cheilomenes sexmaculata and
Sticholotis sp. In pepper, spiders like Bavia kairali,
Oxvopes javanus and Oxvopes swetha were found
predating on pollu beetle (KAL),

Papaya

In Kerala the papaya mealy bug was low due
to well established parasitoid A. papavae. The pest
was also noticed in tapioca and Hibiscus nutabilis.
Parasitisation level of A, papayae on tapioca was
upto 27.8 per cent (KAL),

Cotton

The parasitoid of flower midge was identified
as Ecrizotomorpha sp. (UAS-R).

Spiders

A total of 207 spider specimens was collected
both by patfall trap as well as general collection from
rice ecosystem (AAU-A), Eleven families, 25 cenera
and 34 species of spiders were recorded in Kashmr,
The highest species richness was recorded in family
Araneidae (7 species) followed by Tetragnathidae
(5 species) and Salticidae (5 species). The relative
abundance of visual hunters (51.629%) was highest.
The dominant spider species recorded in Kashmir
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were Pardosa altitudis, Theridion sp. Araneus
anantnagensis and Terragnatha mandibulata
(SKUAST).

Seasonal abundance of predatory spiders in rice
ecosystem was worked out using quadrat method.
Overall highest species richness was observed for
Neoscona theisi (138) and Leucauge sp. (134)
followed by Tetragnatha javana (79), Argiope
sp.(74), Cyrtophora cicatrosa (74), Leucange
celebesiana (72), Argiope anasuja (70) and
Leucauge decorate (66). Shannon-Weiner index of
diversity was calculated as 2.95 in Khedaand 2.43
in Anand district. Among the different species of
predatory spiders, Araneidae was predominant
followed by Tetragnathidae and Salticidae (AAU-
A). Seven genera of spiders were collected during
the Kharif and Rabi seasons from five locations in
Rajendranagar. Terragnatha was found to be most
abundant genus followed by Oxyopes. Thomisus and
Atypena were found to be least abundant

(ANGRAL).
Temperate fruits

Forty species of natural enemies of 16 temperate
fruit insect pests were recorded from Kashmir.
Among 40 species of natural enemies, 17 species
were parasitoids and 23 species were predators.
Aphidus sp. was recorded from apple aphid, Aphis
spiraecola and Trioxys sp. from Walnut aphid,
Calipteras juglandis. Twenty three predators of
temperate fruit insect pests were recorded which
belongs to coccinellids, chrysopids, spiders, and
syrphid flies (SKUAST).

EPN

One entomopathogenic nematode, was isolated
from a mango orchard in Sitapur district, Uttar
Pradesh and it has been designated as Steinernema
sp. (strain CISH 3) (CISH).

PGPR/ plant disease antagonists

Fifty one isolates of Pseudomonas fluorescens
were collected and characterized for their plant
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growth promoting rhizobacteria (PGPR) activity.
BOX PCR using BOX A 1R primer was emploved
to study the closeness of screened isolates. Among
the isolates tested Pt 14 was found to produce highest
amount of Indole Acetic Acid (CALT).

Surveillance for alien invasive pests (all
centres)

The papaya mealybug Paracococcus
marginatus and Jack Beardsley mealybug
Psendococens jackbeardsleyi were recorded
(TNAU). In cotton growing areas of Telangana
Phenococeus solenopsis was predominant over
Meconellicoccus hirsutus. Paracoccus marginatus
was noticed in field crops (ANGRAU).

Survey in sugarcane indicated an incidence of
up to 14.8% by sugarcane woolly aphid (SWA) /
6.25 sq.cm leaf area during July to December 2013
(TNAL. The incidence of SWA ranged from 5 to
10 % in Bidar, Gulbarga and Bellary districts
while its incidence was nil in Raichur and
Koppal districts (UAS-R). Papaya fields in seven
villages were found infested with Paracoccus

mealybug (AAU-A).

Invasive pests were not found in tobacco agro-
ecosystem (CTRI). Mealybugs collected from
different crops were identified as Phenacoccus
solenopsis (Host: Bhendi), P solenopsis (Host:
Brinjal), P. solenopsis (Host: Beet root), Geococeus
coffeae (Host: Coleus) and Rastrococcus
icervoides (Host: Cowpea). No invasive pests have
been reported (KAU).

Biological suppression of pest and diseases in
field

Biological suppression of diseases and
nematodes

Cost-effective WP/EC based Trichoderma
(Th-14) formulations and efficient delivery system
were developed. Significantly higher sporulation was
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observed in Jhangora grains amended with 5%
jaggery (3.2x10" spores/g). Among liquid media,
maximum sporulation was observed in jaggery
medium (3.94x10%). Jaggery and NH4504 were
found as the best carbon and nitrogen sources for
maximum sporulation (1.6 x 107 and 1.5x 10" spores/
ml respectively). PDB and jaggery medium with a
pH of 5.5 amended with sugar (2% ) as carbon and
NH4504 (0.01% ) as nitrogen sources along with
MgS04 (0.05%) and NaCl (0.1%) as a source of
micronutrients significantly increased the sporulation.
(GBPUAT).

The wheat plants treated with inducer
rhizobacteria (seed and soil treatment) and artificially
inoculated with the pathogen ( Bipolaris sorokiniana)
showed less disease severity as compared to control.
Maximum decrease in disease severity was observed
in the PFa-50(51.34%){GBPUAT).

Field evaluation of promising Trichoderma
isolates for the management of soil-borme and foliar
diseases in different crops was undertaken. In rice
the brown spot disease severity was significantly
reduced by Trichoderma isolates TCMS 5 (17.3%)
and TCMS 14a (18.3%) as compared to check
(48.0%). Fungicide compatibility test with
Trichoderma showed that mancozeb, Captaf,
Thiram, chlorothalonil and copper hydroxide were
compatible with the test antagonist up to 100 pg a.i.
/ml, as these fungicides did not affect the growth of
test antagonist. The growth inhibition by these
fungicides observed was from 2.3-39.1 per cent
(GBPUAT).

Bio-efticacy of CHF Pf-1 was evaluated against
bacterial wilt of brinjal caused by Ralstonia
solanacearwm. Application as seedling root dip
@25g / L of water dipping for 30 minutes before
transplanting + soil drenching@ 2.5g /L. of water at
20 days after transplanting (DAT) recorded lowest
wilt incidence with14.75% wilted plants compared
to streptomycin (19.83%). The highest yield of
244.55g/ha was also recorded in CHF Pf-1
treatment (CALU).
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Biological suppression of pests in cereals and
pulses

Rice

The incidence of yellow stem borer, green
leathopper (GLH) and other foliar pests were
significantly less in IPM package with significant
increase in yield over the farmers’ practice. In [IPM
package, the dead heart, white ear, leal folder, case
worm, skipper and GLLH population were significantly
lower than that of the farmers’ practice (OUAT). Cage
studies were conducted for evaluating the
effectiveness of different entomopathogens against
rice bug adults and nymphs. Only Merarhizium
anisoplice @ 2x 1(F spores/ ml & 2x10" spores/ ml
was found causing mycosis on rice bugs (KAU).

Sugarcane

Sugarcane woolly aphid incidence was low
(0.88% ) in western Maharashtra. The predators
mainly observed on SWA were Encarsia
favescutellum (1.2-30.6 adults/leal), Micromus
igorotus (0.9-5.3 grubs/leal), Dipha aphidivora
(0.6-2.6 larvae/leaf), syrphids and spiders (MPKV).
Eight releases of T. chilonis (1ts)@ 50,000 per ha at
10 days interval during mid-April to end June reduced
the incidence of early shoot borer by 54.9 % and
top borer by 52.2%. 12 releases of T. chilonis @
50,000 per ha at 10 days internal during July to
October reduced the incidence of stalk borer by 52.3
% (PAU).

Sorghum

Application of Metarrhizivm anisopliae (Ma
36 @ 5mi/l) at 20, 45 DAE during Rabi 2013-14
resulted in 18.0% reduction of deadhearts over
control and was on par with whorl application of
carbofuran granules @ 8 kg/ha at 20 DAE(DSR).

Pigeonpea/pulses

Spraying of Br strain NBAII-BTG4 @ 2%
thrice at fortnightly interval was statistically
comparable with chlorpyriphos 0.05% in reducing
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pod damage (11.8%) of H. armigera and Maruca
testulalis and increased the yield (14.8 g/ha) of
pigeon pea (MPKV).

Pooled results of three years data on pod
damage revealed that significantly least damage
(4.90 %) was observed in plots treated with
chlorpyriphos. However the plots treated with
PDBC-BT1 @ 2% showed minimum (6.79%)
damaged pods. Pooled data computed for grain yield
indicated that maximum (1841 kg/ha) yield was
registered in plots treated with chemical insecticide
followed by NBAII-BT G4 2% (1761 kg/ha) and
1% (1680 kg/ha) (AAU-A).

Among all the bioagents tested against pod
borer, the NBAII - BTG 4 Br @ 2g/lit was found
effective which recorded 10.84 per cent pod damage
and it was statistically superior over other bioagents.
The treatment recorded significantly higher grain yield
of 14.88 g/ha than other treatments (UAS-R).

Biological suppression of pests in oilseeds
Soybean

Spraying of SINPV @ 250 LE/ha (1.5 x 10"
POBs/ha) thrice at fortnightly intervals was statistically
superior in suppressing the infestation of Spodopiera
litura (4.76 larvae/m row )with 78.0 per cent larval
mortality and gave maximum of 21.95 g/ha yield of
soybean (MPKV).

Safflower

Three sprays of Metarhizinm anisopliae @
10" conidia'ha at fortnightly intervals was the next
best treatment o dimethoate @ 0.05% being superior
in suppressing the aphid population and increased
the yield (10.9 g/ha) (MPKV ).Bio suppression of
safflower aphid, Urolencon compositae was
achieved through two sprays of Verticillium lecanii
1.0 % WP in non spiny safflower. Neem oil 3% spray
also proven to be promising (ANGRAU).

Cotton

In Pune the mealy bug Phenacoccus
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solenopsis was observed at low intensity on cotton
during 2013-14, but, it was also noticed on
parthenium, hibiscus, marigold and tomato. It was
also in association with Aenasius bambawalei during
November - December 2013.With regard to
incidence of sucking pests peak incidence of jassids
and thrips was noticed during 46th MW and white
flies in 47th and 48th MW. Aphid population was
maximum during 47th MW. Natural enemies viz.,
coccinellids (M. sexmaculata, C. septempunctata)
and spiders were recorded from Ist week of October
to 4th week of November 2013 and C. zastrowi
sillemi observed from 39th MW (MPKV).

Biological suppression pests in vegetables
Tomato

Btk @ |kg/ha and two sprays of HaNPV @
250 LEfha produced higher tomato fruit vield
(MPAUT). The incidence of fruit borer was 6.4 to
5.6% in BIPM as compared to 14.2 to 15.8% in
farmers practice at 75 to 105 DAT. The fruit yield
(36.80t'ha) was significantly higher in BIPM plot as
compared to farmers practice (32.45t/ha) with a cost
benefit ratio of 1:3.2. Abundance of Chrysoperla
and coccinellids was noticed in BIPM demonstration
plot (TNAU).

Brinjal

Two sprays of NSKE and six release of
Trichogramma chilonis in brinjal significantly
reduced the fruit and shoot damage by sucking pests
{(MPAUT ). The bicintensive IPM practice produced
net return over the farmers practice in the range of
71.00.830t0 1.24.800 indicating the superiority of
IPM package over the farmers’ practice (OUAT).
Among the biocontrol agents, Brumus sutiroides
@ 1500/ha, Secymnus@ 1500/ha  and
Cryptolaemus @ | 500/ha significantly reduced the
population of mealybug over control (TNAU).

The BIPM module consisting of release of T.
chiloniy @ 50,000 parasitoid/ha followed by spraying
of NSKE 5% and B. thuringiensis @ 1 L./ha twice

at weekly intervals starting from 45 days after
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transplanting was found to be significantly effective in
suppressing the shoot (10.6%) and fruit (15.3%)
infestation and increased the marketable fruit yield of
brinjal (217.8 g/ha) (MPKV).

Cabbage

Maximum reduction (68,29 ) of cabbage aphid
in polyhouse was achieved by five. weekly releases
of 2nd instar grubs of Coccinella septumpunctata
@ 5/plant. The maximum vield/plot was 23.75 kg
when treated with Dichlorovas @ 1ml/L which was
statistically similar to C. septemprinctata treated plot
{23.50 Kg) (SKUAST).

Cauliflower

Bt formulations viz., PDBC - BT | and NBAII
BTG 4 @ | and 2% were significantly superior in
reducing the larval population of diamondback moth
by 85.48 to 90.88% over control. The highest yield
ot 17.8 tha was recorded in NBAIL - BTG 4 @ 2%
spray which was on par with other Bt formulations
and chlorpyriphos treatment (TNALU).

Potato

Local and NBAII entomopathogenic fungal
strains were evaluated against soil insects in potato.
Imidacloprid @ 20 g ai/ha could significantly reduce
infestation of potato tubers by Dorvius orientalis

(10.25 %) and Agrotis ipsilon (11.25 %). Out of
different bio insecticides, Ma-4.8b-23 and Bb-5a of

NBAII strains showed good results in reducing the
infestation of D. orientalis with 19.0. 19.25, and
19.75 % infested tubers. Imidacloprid @ 20g ai/ha
(11.25%) and malathion @ 40kg/ha dust {13.50%)
significantly reduced the population of cutworm,
Agrotis ipsilon. Maximum yield (83.90 g/ha) was
obtained in the plots treated with imidacloprid
followed by Ma-4 NBAII strain (83.12 g/ha), and
malathion dust (79.37 g/ha) and the treatments were
found to be at par with each other (AAU-JT).

Biological suppression of pests in fruit crops
Mango
Spraying of Metarhizium anisopliae @ 1 x 10°
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spores/ml with adjuvant (sunflower oil 1 ml/L+ Triton
X 100 @ 0.1 ml/L.) during offseason in December
followed by four sprays of entomopathogenic fungi
at weekly intervals during flowering (January-
February) was found significantly effective in
suppressing the hopper population ( 10.6 hoppers/
inflorescence) and increased fruit set (11.8 fruits/
inflorescence) in mango (MPK V). Tale formulation
of M. anisopliae (ITHR strain) @ 1kg/100L recorded
T7.1 % mortality of mango hoppers (TNAU). At
[THR. Bangalore different formulations of M.
anisopliae along with chemical and botanical
insecticides were evaluated against mango hoppers.
Significant reduction in hopper population was found
in Imidacloprid @ 0.3ml/L spraved trees followed
by Nimbicidin @0.3 % sprayed trees. Liquid and
tale formulations of M. anisopline were on par in
reducing the hopper population and these treatments
were significantly superior to control. There was no
significant difference between treatments in fruit set
(KAL)

Custard apple

Release of Scvmnus coccivora @ 10 grubs
per tree twice at monthly intervals was found effective
in reducing the mealybugs M. hirsutus and F virgara
and increased the yield of marketable custard apples
(34.9 kg/tree ) MPKV).

Papaya

Papaya mealybug incidence was 12.8t0 21.0%
in five districts of Maharashtra, Besides eight
predators, the parasitoid Acerophagus papavae and
Pseudleptomastix mexicana were observed in the
mealy bug colonies. The pest incidence was recorded
from April to December 2013 with peak (14.6-
25.0%) in June (MPKV).

Citrus

Field evaluation of EPNs including five local
collections as stem injection @ 50 ijs/mL of water
and as cadaver application against citrus trunk borer,
Anoplophora versteegi were carried out at two
locations viz. Pasighat and Ringging of Arunachal
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Pradesh. CAU-1 stem injection showed 37.22 and
306.43 per cent reduction at Pasighat and Rengging,
respectively. However, EPNs were found inferior to
stem injection with dichlorvos 0.05 per cent and stem
injections were more effective (CAU).

Apple

Field releases of Trichograma embryophagum
+ I cacoeciae @ 100,000/ha against codling moth
{Cydia pomonella) in apple orchard of Kargil
recorded maximum mean reduction of fruit damage
(23.5 %). However, the combined effect of
Trichograma embryvophagum, T. cacoeciae and
pheromone trap revealed maximum reduction of fruit
damage (27.606% ) at Kargil. Mass trapping of codling
moth (Cvdia pomonella) through pheromone traps
in apple orchards of Kargil recorded highest
population (48.5/ trap) in Mangmore in the month of
July (SKUAST).Among different biopesticides,
Metarhizinm anisopliae (10° comidia/em?) was the
most effective in controlling apple root borer,
Dorvsthenes hugelii resulting in 82.6 % mortality of
larvae and was on par with chlorpyriphos (0.06%)
which killed 87.5 % of the grubs (YSPUHF).

Pineapple

Beauveria bassiana, Metarhizium anisopliae
and Lecanicillivm leacanii were evaluated
against pineapple mealybug., Dysmicoccus
brevipes (Cockerell). Mycosis was noticed only in
treatments with L. leacanii @ 10°- 10" spores/
mifKALD.

Banana

Beauveria bassiana(10* spores/ml) and
Metarhizium anisopliae (10 spores/ml) were found
causing good mycosis on grubs of banana
pseudostem weevil (KALU).

Biological suppression of pests in plantation
Crops

Tea

Beauveria bassiana ([IHR isolate) was

AnNuAL Report 2013-14

evaluated against tea mosquito bug, Helopeltis
theivora. Thiamethoxam @ 30 gm ai‘ha was found
superior to B. bassiana (ITHR strain) in reducing the
H. theivora population in tea after 30 days of second
spray. No significant difference was noticed in
reducing the H. theivora population with B, bassiana
ITHR strain (15.75/10 plants) pestoneem ( 16.25/10
plants) and commercial formulation of B.bassiana
(17.25/10 plants) (AAU-J).

Coconut

Coconut leat eating caterpillar (Opisina
arenosella) infestation in Trivandrum during April
2013 with 74.4% leaf damage was brought down (o
16.7% over a period of nine months by release of
larval parasitoids, Goniozus nephantidis and Bracon
brevicornis. Awareness programmes through field
based farmers interactive meetings (nine programmes)
and mass media utilization were done for technology
transfer (CPCRI).

Tapioca

BIPM module evaluated against Alewrodicus
dispersus on cassava recorded a lower population
of A. dispersus (76.93 per 5 plants) as compared to
farmer’s practice (226.11 per 5 plants) and untreated
check (320.96 per 5 plants). Maximum vield was
recorded from BIPM module (36.79 t/ha) as
compared to untreated check (21.60 t/ha). The net
profit and benefit cost ratio (BCR) were also higher
in BIPM module (1:3.34) than the farmer's practice
(1:2.41). Encarsia guadalupae was found to be the
most effective parasitoid in the reduction of A.
dispersus population both after first (82.6 per cent)
and second releases (96.0 per cent) followed by E.
sp. nr. meritoria in both the releases (79.6 and 92.2
per cent, respectively ) (TNAU).

Biological suppression of polyhouse crop pests

The average initial root-knot nematode
population in gerbera field ranged trom 520 to 680
Ls/200 ¢m3 of soil. Treatment with Paecilomyvees
lilacinus @ 20 kg/ha was found to be most effective
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in reducing the root-knot nematode population (64.3
%) and gall index (529%)(MPKV).

Release of predatory mite, Neoseinlus
longispinosis at 1:10 predator: prey ratio in camation
resulted in 91,2 % reduction of phytophagous mite
population over untreated control and was also on
par with fenazaquin (0.0025%) which caused 92.1
% reduction (Y SPUHF). In rose treatment with N,
lemgispinosus caused maximum reduction (69.6 %)
of European red mite (Panonychus ulmi Koch) after
4th release of 30 predatory mite/plant. Maximum
vield/plot (1173 cut flowers) was recorded in 30
predatory mites/plant/release which was statistically
similar to Azadirachtin 3ml/L treated plots
(SKUAST).

Blaptostethus pallescens @ 30 nymphs/ m row
along with chemical control (Omite 300 ml/ acre)
was found effective in managing two-spotted spider
mite, T, urticae on okra under net house condition
(PAU).

Spalgis epius (Lepidoptera: Lycaenidae) is a
potential biological control agent of mealy bugs of
various species. Fertilized eggs could be obtained
under enclosed conditions in net house of 14m x 6m.

N

Nppart

Oviposition behaviour of 8. epius in relation to host
plants showed that the order of preference was
Annona, guava and hibiscus. No egg could be
recorded from potato sprouts and pumpkins. Pale
green eges were laid singly on all the host plants
exposed. Females preferred to lay eggs in spaces in
between the mealybug infestations (IIHR).

Biological suppression of storage pests in rice

Release of anthocorid predator, Xvlocoris
flavipes @ 30 nymphs per kg of stored rice (12.75
moths/jar) was significantly superior to all other
treatments in reducing the emergence of Corcyvra
moths. Maximum number of living nymphs were
recorded from the treatment of X. flavipes @ 30
nymphs/ jar (14.25) followed by X. flavipes @ 20
nymphs/ jar (9500 AAU-J). Release of anthocorid
bugs in rice bins could effectively control the Corcvia
cephalonica larvae. Nymphs of the bug Xylocoris
flavipes performed better than those of
Blaptostethus pallescens in minimizing the moths.
Survivability of X. flavipes was more in the
treatments where 20 nymphs were released followed
by the bins where 30 nymphs were released
(ANGRAU).
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GENBANK ACCESSIONS OBTAINED AND DNA BArcopes DEVELOPED

Table 18, GenBank accessions obtained by NEAL

ANNUAL ReporT 2013-14

Orgzanism

GenBank Accession Mumber

DNA Barcodes of insect pests (cox1) gene
Culicoldes inpoxius
Cultceides huffi
Culicoides anopheles
Culicatdes palpifer
Culicoides circumseripius
Amrasca biguttila bigurinla
Bemisia tabact
Chirysomya megacephala
Myzus persicae
Serrcophiaga dicx
Sarcophaga dux
Bacrrocera correcta
Bactrocera dorsalis
Bactrocera zonata
Corevea cephalonica
Cralleria mellonella
Chilo partelliy
Helicoverpa armigera
Nilaparvara lugens
Spodoptera litura
Phytamyvza orobanchia
COdortopus varicoriis
Enwallacea formicatus
Chife auricilius

Chilo sacchariphagus indicus
Polvocha depressella
Stirpophaga excerptalis
Chrvsomya sp.
Sarcophagea sp.

Plutella xyviostella
Sexamia inferens
Lencinodes orbonalis
Lencinodes orbonaliy
Leweinodes orbonalis
Lencinodes orbonalis
Lewcinodes arbonalis
Lewcinodes orbonalis
Lencinodes erbonaliy
Lencinodes orbonalis
Conogethes punciiferalis
Conggetlies puncriferalis
Conogethes punctiferalis
Conogethes punctiferalis
Conpgethes punctiferalis

voucher AIN26002BLRVETOI { KF145176).
voucher AINZGOOZBLRVETO] (KFI145177).
voucher AIN26002BLRVETO] ( KF145178)
voucher AIN2ZGOOZBLRVETO1 (KF145179).
voucher AINZGO0ZBELEVETO] ( KF 145 ER{).
voucher GSV-1-NBAII (KES40682 ).
isolate ZS1-1 (JX417980)

isclate MH2 (1X430024)

isolate £51-2 (IX417T981)

isolate PRI (1X430022)

isolate ND (IXx430021)

voucher AINZ6NBALIDDI (KF2RIT66)
voucher AIN26NBATIOD] (KFE2R9767)
voucher AIN26NBATIOOL (KF289768)
voucher AIN2TNBATIOOT (KF289769)
voucher AINZTNBAIIO02 (KF283770)
(KO911712)

(KOO 713)

virucher AIN 18001 AP (KC858992)
(KC911714

voucher AIN20002MPOD] (KCT32453)
voucher AIN 19NBATIOO1 (KF289771)
voucher AIN22019TN 1 (KC390061)
voucher AIN27002Cal KO (KC306949)
voucher AIN27004CsLKO (KC306951 )
voucher AIN27003PAL KO { KC306950)
voucher AIN2700 1 SeLKO (KC306948)
OR-2012 solate VET 24 (IX(4E5647T)
OR-2012 isolate VET 16 (JX045646)

KORIT 16

(KC911715)

isolate Shimoga ( KF433225)

isolate Bangalore (KF433226)

KF4532 28y

isolate Cuttack (KF453229)

isolate Guntur { KF453230)

isolate Khammam (KF453231)

isolate Pon Blair (KFE453232)

isolate Kholhapur (KF453233)

voucher AIN2T008HaCa (KF1 1 4864)
voucher AIN2TOOOHaCing (KF 1 14865)
voucher AIN2ZTOT0RCa ( KF114866)
voucher AIN2701 1 WayCad (KF114867)
voucher AIN2T01 2BelCa (KF114868)

DNA Barcodes of natural enemies and pollinators (cox1) gene

Apiy dorsata

KIS13470
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Megachile anthracina KFR61940
Apis flarea KFR17578
Apis cerana indica Fae1941
Lepiomastiv nigriciicia KJ489424
Megastigmus sp. KF938926
Fsolia indica K1480423
Seeliocerdo vigrrix KF938928
Cheflomenes sexmaculata KF998579
Chilocorus sp. KF 938527
Scvermnuy nubilus KF8a1939
Teleonentia scrupulisa KF817379
Aprostocetus gala KF 817376
Aprostocetus gala KF817576
Bracon hebetor Kl 627789
Terrastichus sehoenolbii KI627790
Cacoxenus sp. KF 938925
Coccophagus sp. KF 938024
Ampliarens constriciuy KF 817577
Kvloceris flavipes KF 365462
Buchananiella indica KF383325
Blaptostethuy pallesceny KF 365463
Chelonus ackburmii KFE35461
Buchananiella indica KFE383326
Xvlovevis flavipes KF365462
Blaprostethus pallescens KF365463
Ampliiarens constrictis KERIT75T7
Dicleogaster sp. om Terminalia catappa KOCEGTE99
Cilvprapanreles clanisae Gupta from Clanis phalaris K(990832
Microplitiy (=Snellenius) maculipennis (Szepligeti) KOCBGTE08
Dalichogenidea cinnarae KCEGTT00
Dolichogenidea cinnarae KC953855
Endosymbionts of Cotesia vestalis (168 RNA)

Pantoea sp, KCS82827
Preudomenay sp. RO441059]
Preudomeonas putida KC589741
Pantoea sp, KOCSE2827
Baciflus cereny KOSE2R28
Bacillus sp. KC582829
Bacilluy sp, KCS512245
Bacilluy sp, KCS12246
Bacillus sp, KC139360
Enterebacter Cancerogenis KC 139361
Uncultured Pyewdomonas sp, clone CV-2 KCT33870
Uncultured Pyveudomonas sp, clone CV-4 KO733872
Uncultured Pyewdomonays sp, clone CV-3 KC733873
Uncultured Pyewdomonays sp. clong CV-6 KCT733874
Phytoplasma

Phytoplasma KET0R1493

Bacillus pumiluy CLHA

Endosymhionts of Amrasca biguttula biguttula (165 rRNA gene)

KP9S82TT
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Enterobacier clogeae CLHR KF971357
Enterobacier clogcoe CLHK KF971358
Filobasiditon Toriforme GLHK KF971339
Beeitlus licheniformis LH-H6 Kl 48626
Sraphyvlococens aurens LH-Y K 48627
Staphyvlococens epidermidis LH-Y4 KI398217
Janibacter anophelis LH-Y5 KJ398237
Bacillus arvabhanai LH-Y6 KI308238
Bavills cerews LH-YT KJ398239
Staphyviococens aurens LH-Y 8 KI308240
Micrococcus lurens LH-Y9 KI39824 |
Staphvlococens aureny LH-Y | KI398242
Micrococcus luteus LH-Y 12 KI1398243
Microbacterivnt imperiale LH-Y2 KI395244
Bacilluy arvabhattai LH-Y3 KI398245
Aprovoceny rerreiiy LH-Y' T3 EJ197167
Bacitluy cerens LH-HI K197 166
Bacilluy sebiiliy LH-G1 KI197168
Faenibacillus sp. LH-G4 KJ197160
Bacillus cereus LH-Kal KI97170
Micrococeus sp. LH-Ka2 KJI9717]
Staphyvlococous warneri LH-Ka3 KJ197172
Staphylococeus hominis LH-Kad KJ197173
Bacillus stratosphericuy LH-Kas KI97174
Staphylococeus arleitae LH-Kab KI197175
Staphyvlococens homeniy LH-Ka8 K197 177
Prewdomonay stntzer! LH-Ka9 KJ197178
Bacillis pumilus LH-Kal0 KHS7179
Enterobacier sp. LH-Bac-C KI3G1468
Bothrogonia joponica RH KI361467
Bacilluy subiilis A3-H2 KJ472525
Staphyvlococens epidermidis A1-HS K486551
Bacitlioy cerens Al-Ho KJ4B86552
Staphylocoveus pastenrt A1-H7 k486553
Bacillux subtilis Ad-H3 KJ486554
Becillus amyloliguefaciens A1-HI KI534596
Bacillus alrindinus A3-H3 KJ334597
Riodococcns equi A3-H4 KI534508
Bacillus horikoshii A3-H4 KI5345590
Cromamemeay sp. Ad-H2 ( KI534600)

Vip 3A gene

Bavilluy thuringiensis strain TRBT-19 KC596007
Bacillux thuringiensiy sirain AgBT-15 KOCS96008
Bacillus thuringiensiy strain BT D-2 KC396009
Bacillus thuringiensiy strain NE-60 KC596010
Becillus thuringiensis strain AgBT-25 KC5900] |
Baecillus thuringiensis strain BTEG-1 KCA9%012
Beacilluy thuringiensis strain €3 KC59601 3
Beacillus thuringiensis strain TrBt 10 KC596014
Cry 11a gene

Becillus thuringiensis strain AsBT-12 KC59%01 3
Bacillus thuringiensiy strain BT-3 KC596016
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Bacillus thuringiensis strain TrBt 10 Kososnl7
Bacillus thuringiensis strain AgBT-6 KC596018
Bacillus thuringiensis strain AgBT-4 KCS96019
Cry 3a pene _

Bacillus thuringiensis strain BTAN 4 KCd16617
Bacillus thuringiensis strain BTAN-3 KU416618
Bavillus thuringiensis strain TrB1 10 KC416619
Bacillus thuringiensis strain TrBt 17 KC416620
Bacillus thuringiensis strain ASBT 21 KC416621
Bacitlus thuringiensiy strain ASBT20 KO416622
Bacillus thuringiensis strain ASBT 24 KO416623

Tahle 19. Insects and their Barcodes

GenBank Accession No.

DNA BARCODE

Barcode No. at
BOLD

Amrasca biguttula
KF840682

QR HE T B R R AT 0 TR AR T TR ) vy

" AT 10 LR R ER: AR I..It'll!lll]’l'll1IquIlIIiII1IIE
ﬂIIIIIIHIII‘hEHFIFEII )RR 0 D RSN N RERL 0 AR R IR D “I
T

AGIMPO25-13

Nilaparvata lugens
KCB58992

T TR O T R ST T T i
OV 0000000 OO MA0R0 000 AORUI 00 0000 OO R0 OO0

H-’ﬁl LR AR R R TR DR (TR BRI E ]S HH
IJT!I-]IIIIIIFIIIHEHHI

ACGIMPODG-13

Polvocha depressella
KC306950

[UTLSTTTATE VT TET MR TR AR (TR 1 TR R
[T T R T T TR I T TR T )
IIilIIIIlI!IItIl}.lIE AULEL AR R0 A0 ADA A 0L RO PR L NRER AR AR MO0 ll
Tiim

ACGIMPON4-]2

Culicoides innoxius
KF143176

T 0 0 R 0 R0 SRR O 0
W INCT0DE (AN RATRPRERRR T |II]ﬂIIIIII[[IIJIIII||IIIIIIIlIIlIlIIII[I]I[lIII]'IIIIHI

FIIIET AT HllIIHIIIFIIHIIFH!'H!!JIEIIIIIJI'IIIIIHIIHEIIII!HI[*HI
Tl

VETIPOM]-13

Culicoides Tuffi
KF145177

00000000 ORI 00000 AR 00 0 T
TR RN A AT AT
I]III!HIH!IIHIHII UTRTEHT Itl‘llllIIIEIIIIIIEIiEEiIIIHIIIHIIHHiIIIIJ[I
i

VETIP(N2-13

Culicoides anopheles
KF145178

0000 OO0 000500 00O T
LT 0 R R T TR L
000100 T OO0 1000 L N 0 OGRS AR A
FT

VETIPON3-13
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GenBank Accession No.

DNA BARCODE

Barcode No. at
BOLD

Culicoides palpifer
KF145179

(LTS TR AT A A (AR
LT T T TR T R TR TR T T

ALY CEIEERES 000000 T0E 000 ROLERN TR AT R SRR Iﬂilllltlllh
T -

VETIPOO4-13

Culicaides circumscripties
KF145180

100 00000 0T 000 A0 000N R A0 T
OO0 O 000 0 O T
IllIIIIlIIIIl1IIlIIIIIIIIIl!IIuIII!EIIIIIEIIIH]EIHIIIIlIlIIIIIIl!IIlIilEIIII
Jils

VETIPO(5-13

Chilo partelfus
KC911712

I ERTHTT BTTRTE T A AT TYE B T T o e i
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Helicoverpa armigera
KC911713

OO0 00 O 000 R0 O O g i
“iiilllmmalmmunm||muum|mnumuunnul;muluumli"
rlmmullmmlmlllmlnmml||muuuu.uaummumummlmml
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AGIMPOOS-13

Spodoprera [itura
KC911714

0L TTE 1T 4F T TR0 LR IR ) 3L Tt L (e ]
T 000 DU 00000 OO ORRRERD AR DRSSO RN T
T A0 O R TR OO UST OO RADEED 006 0 ST OO
-

AGIMPO09-13

Sesamia inferens
KC911715

L R L L L e
TN T YRR OO RO SO0 0 0 UM i
i rnlmnﬁmuummruammmlmﬂmlamlllmmnnulm
T e

AGIMPOTO-13

Plutella xylosiella
KC911716

iiilllﬂ“lﬂﬂllllli-l IIE||IIIHIT“!IMIfll!ﬁﬂlllliﬂllfflﬂli
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Canogethes punciiferalis
Hassan castor
KF114864

BT T T TR TR R A g VTR T TR ey T
T SRR 100N RS |&1|||||11|umnmuultl;mnu'i'
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AGIMPOI2-13
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GenBank Accession No.

DNA BARCODE

Barcode No. at
BOLD

Conogethes punctiferalis
Hassan ginger
KF114865

OB T 7 0% 0 BT 41 PO T
TE OISR 10U 00000 0000 R O OB T
IIIIIIIIJIIJHIIIIIIIIIIIIIIIIIIIIlllllllllllIIIIIIIIIIIIIIIJIIIIIII
IHIIHHHH!IIH I

AGIMPO16-13

Conogethes punctiferalis
Raichur castor
KF114866

"0 0 MR 2 EEASD U0 50O 001752 R NG R 2000 g T

TR 0P L ERELRS 700 SRR RRRY CELL 100 0 LA LT

VT BB 0 R 05T  EOTEDERRAARR VO R 1O IlH
T I R

AGIMPOI2-13

Conogethes punctiferalis
Wayvanadu cardamom
KF114867

TR ST R T s s T
TSRO 1 00000 00 T LR

i1 TR T AR T II!ﬂImIIPHIIHHIIIHIﬂHII
LT

AGIMPO15-13

Conogethes punctiferalis

Belgaum castor
KF114868
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AGIMPOI4-13

Euwallacea fornicaies
KC590061

000080000 B T OO 0 00 RO R
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ﬂlilllHIIIli[I[!HH TR TR IIIIHllli‘lﬂﬂlliﬂlﬂlllﬂﬂiﬂlliﬁ
‘T

sy

AGIMPOIS-13

Phytomyza orobanchia
KC732453
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AGIMPOI7-13

Bactrocera correcta
KF289766

AR O 0RO O BB AR A R
TN OO OO0 R R0 R

OO0 00O 000000 ORI 0 RS0 A IlII=1
Tt

AGIMPO22-13

Bactrocera dorsalis
KF289767

L L AT R T A R R T
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AGIMPO23-13
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GenBank Accession No.

DNA BARCODE

Barcode No. at

BOLD

Bactrocera zonata
KF289768

L T T TR e T T A T R T Ay
L T T TR T TR T e
T U000 0S5 OO MR EARR 0 0
it

AGIMPO24-13

Caorcyra cephalonica

KF28976%

TR0 A 0O MO0 0RO 1L T

[T T T TR O TR TR III||IIIIHIIIIlIIII[IIIE

IIII W (ARRTTRARR T TTT  RRUTT T TE |I
i

AGIMPD25-13

Gelleria mellonella
KF289770

000U FREE R0 RS TOR VRETOT BRI 00D ERAR 1 FOOR 00 B R £
"V OUAREY SRS EARRTELTRON U0 AR RSO0 B O T
T A0 00 00N AR A0 AR FLIL T PO SR G T W AT
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AGIMPO26-13

Odontopus varicornis
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INSECT IDENTIFICATION SERVICES

The NBAII extends its services for the
identification of insects to institutions, students and
other individuals. This facility is however largely
available tor those insect groups in which taxonomic
expertise is available at NBAIL Insects are also
identified by networking with taxonomists from other
parts of the country and the world.

Ichneumonoidea and Chalcidoidea (Ankita
Gupta)

Y.5.R Horticultural University, Andhra Pradesh;
NRC citrus, Nagpur; Calicut University, Calicut;
UAS, Dharwad; DOR, Hyderabad; Directorate of
Cashew Research, Puttur; ITHR, Bangalore; IGKV,
Raipur, Chhattisgarh: Central Sencultural Research
& Training Institute, Pampore, Srinagar; PCI Private
Limited, Bangalore; National Research Centre for
Grapes, Pune; , ITHR, Chettahalli; SKUAST-J, Main
Campus, Chatha, Jammu: students from the
University of Agricultural Sciences, Bangalore.

Aphididae, Diaspididae,
Pseudococcidae (Sunil Joshi)

Central Sugarcane Research Station, Padegaon,
Satara Dt, Maharashtra; CSIR- Institute of
Himalayan Bioresource Technology, Palampur,
Himachal Pradesh: Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli. Ratnagiri. Maharashtra:
National Research Centre for Orchids, Pakvong,
Sikkim; Institute of Wood Science & Technology,
Malleshwaram, Bangalore:; College of Horticulture,
Mudigere; Directorate of Groundnut Research,
Junagadh, Gujarat; Dupont India Pvt. Lid., Gurgaon,
Haryana; Punjab Agricultural University, Ludhiana,
Punjab; Central Plantation Crop Research Institute,
Kasargod. Kerala; Sugarcane Breeding Institute,
Coimbatore, T.N.; Sugarcane Breeding Institute,
Coimbatore, T.N.; Univ. of Agricultural Sciences,
GEKVK, Bangalore; Anand Agricultural University,
Anand, Gujarat; National Research Centre for Citrus,
Nagpur, MS; Tamil Nadu Agricultural University,
Thanjavur, T.N.; Indian Institute of Horticultural
Research, Hessarghatta, Bangalore; Central Silk
Board, Berhampore, West Bengal; Kerala Agricultural
University, Thrissur, Kerala; Mahatma Phule Krishi

Coccidae,

Vidyapeeth, Rahuri, Maharashtra; University of
Agricultural Sciences, Dharwad; Krishi Vigyan
Kendra, Bangalore Rural; Central Horticultural
Experiment Station, Chettahalli, Kodagu; ICRISAT,
Patancheru. A.P.; Assam Agricultural university,
Jorhat, Assam; National Research Centre for Grapes.
Pune, Maharashtra; Assam Agricultural university,
Jorhat, Assam; Plant Quarantine Station, Bangalore
(MSIL Building ). Bangalore: Central Silk Board,
(REC), Srivilliputtur, Virudunagar, T.N.; Pest Control
India, Bangalore; Regional Plant Quarantine Station,
Chennai; Mumbai trees group. Goregaon, Mumbai.

Coleoptera (Coccinellidae, Curculionidae),
Chalcidoidea (Encyrtidae. Aphelinidae,
Chalcididae, Eulophidae), Hemiptera
{Pentatomidae, Aphididae, Coccoidea) and
Diptera (Tachinidae, Syrphidae) (J. Poorani)

UAS, Bangalore: Tripura University, Agartala;
TNAU, Coimbatore, Tamil Nadu: Du Pont India:
YSPUHEF, Solan. Himachal Pradesh; AAU, Jorhat,
Assam: Agri. College. Bijapur. Kamataka; UAS.
Shimoga, Karnataka: ICIPE, Nairobi, Kenya; CCS
Agrl. University. Hissar; Bihar Agricultural University.
Sabour, Bhagalpur : NRC Citrus, Nagpur: MPKV,
Pune, Maharashtra: Govt. Degree College, Talwari,
Chamoli. Uttarakhand: ARS. Dharwad, Kamataka;
BCRL. Bangalore, Karnataka, ZSI-WRC, Pune.
Maharashtra; BHU, Varanasi. Uttar Pradesh:; IWST,
Bangalore, Karnataka: UAS, Dharwad; , PAU,
Ludhiana, Punjab; NRC Grapes, Pune, Maharashtra;
NRC Grapes. Pune, Maharashtra; Eastern University,
5r Lanka: DRR. Hyderabad, Andhra Pradesh;
students, journalists and photographers.

Diptera (Tephritidae) (K.J. David)

ITHR, Bangalore; National Institute of Plant
Health Management, Hyderabad.

Hymenoptera (Trichogramma; Trichogramma-
toidea) (Prashanth Mohanraj)

Indian Agricultural Research Institute, New
Delhi;: N.M.College of Agriculture Navsari
Agricultural University, Gujarat.
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EXTENSION ACTIVITIES

Supply of live insects

A total of 980 consignments of host insects and natural enemies were supplied to KVKSs, commercial
units, students and research organisations generating a revenue of Rs 3.26,353 /- (Fig. 42).
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Fig. 42. Monthly supply of live insects during 2013 - 2014

Supply of microbials and EPNs

Atotal of 48 microbials and EPNs comprising Trichoderma harzianum. T. viridae, Pseudomonas fluorescens,
Beaunveria bassiana, Verticillium lecanii, Metarhizium anisopliae, Bacillus subtilis, Paecilomyces
Sfumovrasens, EPN infected Galleria mellonella as well as plant pathogens were shipped during the year
generating arevenue of Rs. 2,16,500 /- . Thirteen commercial microbial formulations were subjected to quality
analysis generating a revenue of Rs. 29, 211 /-. The total revenue generated was Rs. 245,711 /-,

-
=
=
=
-
=]
-

A field day on utility of stress tolerant natural enemies was organised for
farmers in Dharmapuri, Tamil Nadu on 22.02.2(H4
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AWARDS AND RECOGNITIONS

Abraham Verghese was recognized as a
Member, Board of Management, University of
Agricultural and Horticultural Sciences, Shimoga

Abraham Verghese was awarded Fellow of
Association for the Advancement of Biodiversity
Science (FAABS)

Abraham Verghese was recognized as a
Faculty in Jain University, Bangalore

Abraham Verghese was recognized as a
Member, Post Graduate Centre for the revision of
food and agriculture syllabus. Kuvempu University,
Mysore

Abraham Verghese was nominated as Editor
for the journal ‘Insect Environment”

Abraham Verghese served as Editorial Advisor
for the *Newsletter for Birdwatchers™ and the journal
*Current Biotica’

Abraham Verghese was member of IMC and
RAC of NCIPM New Delhi

Abraham Verghese was member of IMC, NRC
Pomegranate, Sholapur

Ballal C R, Joshi S, Bhaskaran TV, Lakshmi L,
2013, received the Best Paper Award for the paper
entitled “Production protocols for indigenous
ichneumonid parasitoids Campoletis clilorideae
Uchida and Eriborus argenteopilosus (Cameron)”
presented during the lOBC MRQA 13" workshop
on “Emerging Opportunities for the Mass

Production and Quality Assurance of

Invertebrares”, Bangalore, India, 6-8 November,
2013.

Deepa Bhagat, Bakthavatsalam N, Srinivasa R,
2013, received Best Paper Presentation Award at
the International Conference on water quality and
management for climate resilient agriculture, 28" -

“‘\ NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS

31 May, 2013 at Jain Irrigation. Jalgaon, Maharastra
for the paper entitled “Release pattern of an
infochemical. linalool under simulated climate change
seenario’ .

Deepa Bhagat was conferred a “Fellow of
CHATI by the Confederation of Horticulture
Associations of India, New Delhi, India.

Deepa Bhagat was recognized as Convener
tor the technical session entitled * Water needs for
crop production and tools for enhancing productivity
of water” during the International conference on water
quality and management for climate resilient
agriculture, 28" - 31* May, 2013 at Jain Irrigation,
Jalgaon, Maharastra.

Ganga Visalakshy PN, Darshana C N, Swathi
C, Krishnamoorthy A, 2013, received the Best Paper
Award for the paper titled “Efficacy of formulations
of Metarhizitem anisopliae for the control of mango
inflorescence hopper”, presented at the symposium
Emerging Trends in Eco-friendly Pest
Management, Centre for Plant Protection Studies,
Tamil Nadu Agricultural University,Coimbatore ,
22-24 January, 2013.

Ganga Visalakshy P N, Swathi C, Darshana
C N, 2013, received the Best Paper Award for the
paper titled “Eco- friendly management of tea
mosquito bug Helopeltis antonii on horticultural
crops — possible alternatives™ presented at the
International Conference on Plamt Biochemistry,
Biotechnology on Food and Nuiritional Securiry
and XII Convention of Indian Society of
Agriculture Biochemists , 11-14 December,
Sri Venkateswara University, Tirupati.

Hemalatha B N, Venkatesan T, Jalali S K,
Reetha B, Abraham Verghese, 2013, received the
Best Paper Award for the paper titled *
Endosymbiotic yeast, a dietary source for improved
production of Chrysoperla zastrowi sillemi”

CHAPTERS




CHAFTERS

presented at the 13th Workshop of the I0BC Global
Working Group on Mass Rearing and Quality
Assurance, Movenpick Hotel & Spa. Bangalore,
India, November 6-8. 2013.

Jalali § K. Venkatesan T, Rangeshwaran R,
Sriram S, Srinivasamurthy K, Sivakumar G and
Abraham Verghese were honored with the Team
Award by the Society for Biocontrol, Bangalore for
‘Development and Adoption of Stress Tolerant
Natural Enemies Technologies’ under NAIP-ICAR
during the Field Day held at KVK. Dharmapuri.
Tamil Nadu on 22" February, 2014 .

Joshi 5. Ballal C R, Lakshmi B L, 2013, received
the Best Poster Award for the paper
entitled “Development of a novel mass production
technique for Brumoides suturalis (Fabricius)
(Coleoptera: Coccinellidae), a predator of
mealybugs” presented during the IOBC MRQOA /3"
workshop on “Emerging Opportunities for the

Mass Production and Quality Assurance of

Invertebrates”, Bangalore, India, 6-8 November,
2013.

Lalitha Y, Ballal C R, Patel VN, 2013, received
the Best Paper Award for the paper entitled 'Quality
assessment of mass reared Trichogranmma chilonis
Ishii (Hymenoptera: Trichogrammatidae) based on
field performance’ presented during the [OBC MROA
13" workshop on “Emerging Opportunities for

the Mass Production and Quality Assurance of

Invertebrates”, Bangalore, India, 6-8 November,
2013.

MNakat R V, MPKV Pune was conferred the
Krizshi Gourav Puraskar Award™ of Bharat Krishik
Samaj . Maharashtra at Jalgaon, on 18.01.2013.

Ramya S L, Venkatesan T, Jalali S K, Srinivasa
Murthy K. 2014, received the Best Poster Award
for the paper titled *Biochemical mechanism of
insecticide resistance in field populations of
diamondback moth, Plurella xvlostefla” at the 2™

AnNuAL Report 2013-14

International Conference on Agricultural and
Horticultural Sciences, at Hyderabad during 3-5
November, 2014.

Venkatesan T, Mahiba Helen S, Jalali § K,
Srinivasa Murthy K, Lalitha Y. 2013, received the
Best Paper Award for the paper titled “Rearing and
evaluation of pesticide tolerant populations of
Chrysoperla zastrowi sillemi. p.57-38. In:13th
Workshop of the IOBC Global Working Group on
Mass Rearing and Quality Assurance, Bangalore,
India, November 6-8.

Bakthavatsalam N acted as Chairman, Institute
Review Committee of Indian Cardamom Research
Institute, Myladumparaon 26.11.2013.

Bakthavatsalam N acted as external expert in
the Selection Committee at the Institute of Wood
Science & Technology, Bangalore.

Bakthavatsalam N acted as expert for review
of work done by DBT Women Science Fellows.

Ballal C R acted as IMC member of NBAIM,
Mau.

Ballal, C R acted Councillor for Plant Protection
Association of India, 2014 —2016.

Murthy K S was honored as a Fellow by the
Society for Plant Protection Sciences, New Delhi.

Murthy K § was recognized as a Guide,
Department of Zoology, University of Mysore,
Mysore.

Ramanujam B was recognized as a Member of
Board of Studies, Department of Microbiology, Sri
Krishnadevaraya University, Anantapuran, Andhra
Pradesh.

Rangeshwaran R was recognized as a Guide,
Department of Microbiology, University of Mysore.
Also recognised as Guide, Department of
Microbiology, Jain University, Bangalore.

Venkatesan T was recognized as a Guide,
Department of Biotechnology, Jain University,
Bangalore.
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ExTERNALLY FUNDED PROJECTS

DBT project

| Nanoparticles for enhancing shelf lite/storage
and field application of semiochemicals (29/9/
2010 To 29/9/2013)

I3

Characterisation, Functionalisation and
Assembly of nanosensors and Their Applications
as Pheromone Sensor for Pest Management
{3/8/2012 To 31/8/2015)

3 Studies onextending the shelf life and improving
the delivery method of trichogrammatid
ez parasitoids for promoting their commercial
mass production in India (01.04.2013 -
31.03.2016)

IPR Project

4 Intellectual Property Management and Trans-
fer/ commercialization of Agricultural Technol-
ogy Scheme (upscalling of existing component
i.e. Intellectual Property Rights (IPR) under
ICAR Headquarters Scheme on Management
on Information Services

5 ICAR- National Fund for Basic, Strategic and
Frontier Application Research in Agriculture-
Funded Project

6 Identification of nucleopolyhedrovirus (NPV)
encoded protein and small RN As and the fea-
sibility of their expression in plant to control
Helicoverpa

“‘\ MNATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS

NAIP project

T Effect of abiotic stresses on the natural enemies
of crop pests Trichogramma, Chrysoperla,
Trichoderma and Pseudomonas and mecha-
nism of tolerance to these stresses (19/7/
2008 To 30/6/2014)

& National Agricultural Bioinformatics
Grid for Insect Domain (31/3/2010 To
30/6/2014)

AMAAS project (ICAR)

9 Microbial Control of Insect Pests-TT{AMAAS
project continued) ( 1/4/2007 - 31/3/2017)

ICAR Cess fund

10 Network Project on Insect Biosystematics-
NBAII(9/4/2012 To 31/3/2017)

Institute of Forest Genetics and Tree
Breeding

Il Influence of eucalyptus species on the natural
enemy incidence on the gall wasp Leptocybe
invasa. (01.06.2011 — 31.03.2014)

Coffee Board

12 Ecofriendly approaches to the management of
coffee white stem borer. Xvlotrechus
guadripes Chev. (01.07.2012 — 31.03.2015)
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ATCRP/ CoorpINATION UNIT/ NATIONAL CENTRES

Large scale demonstrations and field testing of biological control technologies developed at NBAII are
undertaken by the following ICAR institutes and State Agricultural Universities.

Headquarters

National Bureau of Agriculturally Important
Insects. Bangalore

ICAR Institute-based Centres
Central Tobacco Research Institute, Rajahmundry

Central Plantation Crops Research Institute,
Regional Centre, Kayangulam

Indian Agricultural Research Institute, New Delhi
Indian Institute of Horticultural Research, Bangalore
Indian Institute of Sugarcane Research, Lucknow
Sugarcane Breeding Institute, Coimbatore

National Centre for Integrated Pest Management, New Delhi

State Agricultural University-based Centres
Acharya N.G. Ranga Agricultural University, Hyderabad
Anand Agricultural University, Anand

Assam Agricultural University, Jorhat
Dr Y.5. Parmar University of Horticulture & Forestry, Solan

Govind Ballabh Pant University of Agriculture &
Technology. Pantnagar

Kerala Agricultural University, Thrissur
Mahatma Phule Krishi Vidvapeeth, Pune
Punjab Agricultural University, Ludhiana

Sher-e-Kashmir University of Agricultural
Science & Technology, Srinagar

Tamil Nadu Agricultural University, Coimbatore

Basic Research

Tobacco and Soybean

Coconut

Basic Research

Fruits and Vegetables
Sugarcane

Sugarcane

IPM Related Research

Sugarcane, coconut and vegetables

Cotton, pulses, oilseeds,
vegetables and weeds

Sugarcane, pulses, rice and weeds
Fruits, vegetables and weeds

Plant disease antagonists

Rice. coconut, weeds, fruits and coconut
Sugarcane. cotton, sovbean and guava

Sugarcane. cotton, oilseeds, tomato,
rice and weeds

Temperate fruits and vegetables

Sugarcane, cotton, pulses and tomato
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Voluntary Centres (partially funded)

Maharana Pratap University of Agriculture &
Technology, Udaipur

Orissa University of Agriculture &
Technology. Siripur, Bhubaneswar, Khurda

Central Agricultural University,

College of Horticulture & Forestry, Pasighat

Voluntary Centres

Chaudhary Charan Singh Haryana Agricultural University, Hisar
College of Agriculture, Kolhapur

National Research Centre for Soybean, Indore

National Research Centre for Weed Science, Jabalpur

Navsari Agricultural University, Navsari

Sardarkrushinagar Dantiwada Agncultural
University, Sardarkrushinagar

University of Agricultural Sciences, Bangalore
University of Agricultural Sciences, Dharwad

Vasantdada Sugar Institute, Pune

bl

@

L
Nppart

Vegetables, white grubs and termite

Rice and vegetables

Rice and vegetables

Sugarcane

White grubs and weeds
Soybean

Weeds

Sugarcane and coconut

Vegetables
Cofton and pigeonpea
Cotton and chickpea

Sugarcane
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PUBLICATIONS

Peer Reviewed Articles
NBAIL Bangalore

Abraham Verghese, Kamala Jayanthi PD, Sreedevi
K. Sudha Devi K. Viyolla Pinto, 2013. A quick and
non-destructive population estimate for the weaver
anl Oecophylla smaragdina Fab. (Hymenoptera:
Formicidae), Current Science 104 (5):1-6.

Abraham Verghese, Shivananda TS, Kamala Jayanthi
PD, Sreedevi K, 2013. Frank Milburn Howlett (1877-
19200: Discoverer of the pied piper’s lure for the fruit
flies {Tephritidae: Diptera). Current Science 105
{2): 26(-262.

Arulmani N, Sriram S, Rangeshwaran R, 2013,
Evaluation of diacetylphloroglucinol producing
pseudomonads Tor their biocontrol potential against
Ralsionia wilt in brinjal. Jowrnal of Biological
Control 27: 105-109.

Aswitha K, Rangeshwaran R, Vajid VV, Sivakumar
G Jalali SK. 2013. Characterization of abiotic stress
tolerant Pseudomonas spp. occurring in Indian soils.
Jowrnal of Biological Control 27 (4):319-328.

Bakthavatsalam N. Vinutha J. Ramakrishna P. Ravindra
K V, Deepa Bhagat, 2013. Biology of Helicoverpa
armigera (Hubner) reared on pigeonpea grown under
elevated levels of carbondioxide. Jowrnal of Inseci
Science 26 :© 135-141.

Bhagat D, Bakthavatsalam N, Vinutha 1, 2013, Effect
of volatiles of rice varieties on foraging behaviour of
Trichogramma (Hymenoptera: Trichogrammatidae).
Jowrnal of Insect Seience 26 :168-172.

Devi Thangam S, Selvakumar G, Abraham Verghese,
Kamala Jayanthi PD, 201 3. Natural mycosis of mango
leaf hoppers (Cicadellidae: Hemiptera) by Fusarium
sp. Biocontrol Science and Technology DOI:
10.1080/09583157. 2013, 851171.

Devi Thangam S, Abraham Verghese, Dinesh
MR, Vasugi C , Kamala Jayanthi PD, 2013,
Germplasm evaluation of mango for preference of the

mango hopper, Idioscopus nitidulus (Walker)
(Hemiptera: Cicadellidae): The first step in
understanding the host plant resistance. Pest
Management in Horticultural Ecosvstems 19 (1):
10-16.

Dhanva KP, Madhusmita Panda, JIalali 5K,
Krishnakumar K, Gandhi Gracy R, Venkatesan
T, Nagesh M, 2013. In silice docking studies
on cyiochrome P450 enzvmes of Helicoverpa
armigera (Hubner) and Trichogramma cacoeciae
Marchal and implication for insecticide detoxification.
Journal of Biological Control 27 : 1 - 9.

Geetha GT, Nesil LB, Venkatesan TV, Abraham
Verghese, 2013, Analysis of opportunities and
challenges in patenting of management of sucking pests
like aphids. hoppers. whiteflies and thrips in agriculture
and horticulture fields. Internarional Journal of
Current Microbiology and Applied Sciences 2 (9):
164-173

Gundappa, Kamala Jayanthi  PD, Abraham
Verghese, 2013, Management of spiraling whitefly,
Aleuradicus dispersus (Russel) in guava, Psidium
ruafava L. Pest Management in Horticuliural
Ecosystems 19 (1) 102-105,

Gupta A, 2013. Three new species of reared parasitic
wasps (Hymenoptera: Braconidae: Microgastrinae)
from India. Zootaxa 3701 (3): 365-380.

Gupta A, Swapnil A, Lokhande, Abhay Soman. 2013.
Parasitoids of Hesperiidae from peninsular India with
description of a new species of Delichogenidea
{Hymenoptera: Braconidae) parasitic on caterpillar of
Borbo cinnara {Wallace) (Lepidoptera: Hesperiidae)
Zootaxa 3701 (2): 277-290.

Gupta A, Blaise Pereira, Paresh V, Churi, 2013, A
new species of Parapanteles Ashmead
iHymenoptera: Braconidae) from India reared from
Abisara echerius Stoll {Lepidoptera: Riodinidae) with
key to the Indian Parapanteles species. Zootaxa
3709 (4): 363-370.
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Gupta A. Manickavasagam 5, 2013, Taxonomic noles
on a collection of Indian Evcharitidae (a family of ant
parasitoids) with description of female of
Schizaspidia andamanensis (Mani) from Andaman
islands, India. Journal of Bivlogical Control 27(2):
73-80.

Gupta A, Joshi 5, 2013. Additions to the fauna of
parasitic wasps (Hymenoptera: Chalcidoidea) and
coccoids (Hemiptera: Coccoidea) from the Andaman
and Micobar Islands, India, with illustrations and
diagnosis. Journal of Threatened Taxa 5(11): 4542—
45535.

Gupta A. Sujayan and GK, Bakthavatsalam N, 2013,
Record of three larval parasitoids (Hymenoptera:
Ichneumonoidea) of Maruca vitrata (Fabricius)
(Lepidoptera: Crambidae from southern India.
Journal of Biological Control 27 (1): 53-55.

Guruprasad NM, Jalali SK. Puttaraju HP, 2013,
Wolbachia — a foe lor mosquitoes? Journal of
Entomological Research 37: 351-358.

Guruprasad NM, Jalali SK, Puttaraju HF, 2013.
Welbachia infection frequency and phylogenetic
affiliation of Wolbachia cell division protein gene
(ftsZ) in vzi flv Exorista sorbillans (Diptera:
Tachinidae) ol Karnataka (India). Journal aof
Entomology and Zoology Studies 1: 129-133.

Hemalatha BN, Venkatesan T, Jalali SK, Sriram 5.
Reetha B, 2014. Molecular identification of yeast like
microorganisms associated with field populations of
aphid predator, Chrysoperfa zastrowi sillemi ( Eshen-
Petersen) (Neuroptera: Chrysopidae) and their role
in fecundity, Jowrnal of Biological Control 27(3):
176-183, 2013,

Hayat M, Zeya 5B, Veenakumari K. 2013. On some
brachypterous  Encyrtidae (Hymenoptera:
Chalcidoidea) from India, with description of four new
species. Zootaxa 3716 (2% 259-276.

Hayat M. Veenakumari K, 2013, Encyrtidae
(Hymenoptera: Chalcidoidea) from Andaman &
MNicobar Islands, with description of a new genus and
two new species. Prommalia [ 98-113.
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Jency Jose, Jalali SK, Shivalingaswamy T M., Krishna
Kumar NK, Bhatnagar R, Bandyopadhyay A, 2013,
Molecular characterization of nucleopolyhedrovirus of
three lepidopteran pests using late expression factor-
8 gene. Indian Jowrnal of Virelogy 24: 59-65.

Joshi 8, Ballal CR, 2013. Syrphid predators for
biological control of aphids. Journal af Biological
Contral 27(3): 151-170.

Kamala Jayanthi PD, Abraham Verghese, 2014, The
leaf beetle, Tricliona or nigra Jacoby? (Coleoptera:
Chyromelidae), a new pest damaging pomegranate,
Punica granatum. Phytoparasitica 42(1): 53-55.

Kamala Jayanthi PD, Sangeetha P, Abraham
Verghese., 201 3. Influence of polyandry on clutch size
of the predatory coccinellid, Cryptolaemus
montrouzieri (Coleoptera: Coccinellidae). Florida
Entomologist 96 (3): 1073-1076.

Kamala Javanthi PD, Sangeetha P, Abraham
Verghese, 2014, Age, body size and sex related feeding
response of predatory coccinellid. Cryvprolaemus
montrouzieri Mulsanl (Coleoptera: Coccinellidae).
Phytoparasitica. DOL 10.1007/512600-014-0382-9,

Kamala Jayvanthi PD, Rajinikanth P, Ravishankar KV,
Sangeetha P, Abraham Verghese . Lokeshwari D,
2013, Influence of cGMP on feeding potential of
predatory coccinellid, Crypiolaenins montrouzieri
Mulsant and isolation of partial foraging gene.
Journal of Insect Behaviogr 10.1007/510905-013-
04331

Kamala Jayanthi P D, Vivek Kempraj, Ravindra MA.,
Ravindra KV, Bakthavatsalam N, Abraham Verghese,
Toby TAB, 2014, Ovipoisition selection by Bactrocera
dorsalis 1s mediated through an innate recognition
template tuned o g-octalactone. PLOS one 91):1-6
eB3704.

Kamala Jayanthi P D, Vivek Kempraj, Ravindra M A,
Ravindra KV, Bakthavatsalam N, Abraham Verghese,
Tohy TAB, 2014, Specific volatile compounds from
mango eleit oviposition in gravid Bactrocera dorsalis.
Jowrnal of Chemical Ecology 2014, doi 10.1007/5
10886-014-0403-7.

Krishna Kant YK, Sharma B, Ramanujam 5K, Tyagi
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JK. Ranjan BEK, Mishra 55, Meena MK, Vishal,
Meena SR. 2013, Biorational approaches for
management of aphid (Hvadaphis coriandri Das)
on fennel. Indian Jowrnal of Horticulture 70

(2):300-303.

Lalitha Y, Nagesh M, Jalali SK, 2013. Intraguild
Predation and Biosafety of Entomopathogenic
Nematode, Hererorhabditis bacieriophora Poinar el
al., and its Bacterial Symbiont, Photorhabdus
tuminescens, to Parasitoid, Trichogramma
chilonis Ishii and Predator Chrysoperla zastrowi
sillemi (Esben). Journal of Biological
Control 26: 27-35.

Mani M, Krishnamoorthy A, Shivaraju C. Shylesha
AN, Pokharkar DS, 2013. Recovery of the exotic
parasitoid, Pseudlepromastix mexvicana Noyes and
Schauff (Hymenoptera: Encyrtidae) on the invasive
papaya mealybug, Paracocous marginatus (Williums
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Riological Control 2701 46-47.

Mukesh P, Sameen 8, Fathima, WVasumathi D |
Pratheepa M. Kalaisekar. 2013.Development of
Decision Tree Induction Model Using Sorghum Multi
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ternational Jowrnal of Engineering Research and

Technology 20 T1) @ 3963 — 3970.

Murthy KS , Ramya SL, Venkatesan T, Jalali SK,
Jency Jose, 2013, Feminisation due to Wolbachia in
Cotesia vestalis (Haliday ), a parasitoid of the diamond
back moth Plutella xvlosiella (Linn.). Global
Jowrnal of Biology, Agriculiure and Health
Sciences 2 (3); 192-195.

Murthy KS. Rajeshwari R, Jalali SK, Venkatesan T,
2013, Evaluation of pesticide tolerant strain of Cofesia
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International Journal of Biodiversity and
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Nagesh M, Saleem Javeed, Ramunajam B,
Rangeshwaran R. 2013, Suitability of soil types for
Paecilomyees  lilacinus and  Pochonia
chlamydosporia and their performance against root-
knot nematode, Meloidegyne incognita on
Lyveapersicon esculentum in glasshouse. Indian
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Pashte V'V, Shylesha AN, 2013, Effectiveness of
attractants and scents in enticement of Apis dorsata,
Apis florea and non-Apis bees on sesamum
(Sesamum indicum). Bivinfoler 10(4c)y: 1593-1596

Pashte V'V, Shylesha AN, 2013. Effect of number of
honey bee visits on yield of sesamum. Bioinfofer 10
{4e): 159]1-1592,

Pashte ¥ V¥, Shylesha A N, 2013. Pollen and nectar
foraging activity of honey bees in sesamum. Indian
Jowrnal of Entomology 75(2); 124-1206.

Pashte V'V, Shylesha AN, 2013 Pollinators diversity
and their abundance on sesamum. Indian Jowrnal
of Entomology T5(31:260-262,

Prashanth Mohanraj, Veenakumari K, 2013.
Preimaginal stages and natural history of two endemic
subspecies of Polvura Billberg (Lepidoptera:
Nymphalidae: Chraxinae) from the Andaman Islands.
Proceedings of the National Academy of Sciences,
India. Section B: Biological Sciences 2230-17406
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Ramanujam B, Roopa G, Karmakar P. Basha H, 2014,
Toxicity of extracellular proteins from Beauveria
bassiana and Metarhizium anisopliae on
Spodaptera litwra, Journal of Pure and Applied
Microbiology 8 (1): 715-720.

Ramya SL. Murthy K8, Venkatesan T, Jalali SK,
2013, Biochemical and Molecular diversity analysis
of culturable bacteria in Coiesia pluiellae
i Kurdjumov) {(Hymenoptera: Braconidae). a parasitoid
of diamondback moth Plutella xviostella (Linnacus).
Journal of Biological Control 27 (4): 260-267.
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Rameshkumar A, Noves IS, Poorani J. Chong JH,
20013, Description of a new species
of Anagyrus Howard (Hymenoptera: Chalcidoidea:
Encyrtidae), a promising biological control agent of
the invasive Madeira mealybug, Phenacoccus
madeirensis Green (Hemiptera: Sternorrhyncha:
Pseudococeidae). Zootava 3717(1) T6-84.

Rameshkumar A, Poorani 1, 2013, First report of
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{Hymenoptera: Chalcidoidea; Encyrtidae) from India
with a key to Indian species. Jowrnal of Biological
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Rangeshwaran R, Ashwitha K. Sivakumar G Jalali,
SK, 2013. Analysis of Proteins Expressed by an
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(NBAII-RPF9) isolate Under Saline and High
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M. 2013. Screening and én vitro evalavation of native
Pseudomonas spp. against nematode pathogens and
soil borne fungal pathogens. Jowrnal of Biological
Control 27 (4):305-311.

Rajashekar Y, Vijay Kumar H, Ravindra K 'V,
Bakthavatsalam N. 2013. Isolation and
characterization of biofumigant from leaves
of Lantana camara for control of stored grain
insect pests. Indusirial Crops and Producis 51:224-
228.

Rajashekar Rao Korada, Naskar SK, Bakthavatsalam
N, Prasad A R, Kushbo Sinha. Jayvaprakash C A, 2013,
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weevil Cvlas formicarius. Current Science 105
(9): 1247 1253,

Rajmohana K, Srikumar KK, Bhat PS, Raviprasad
TN, Jalali Sk, 2013, A new species of platygastrid,
Telenomus cuspis sp. nov. (Hymenoptera). egg
parasitioid of tea mosguito bug from India, with notes

on its bicnomics and miCol data. Oviental Insecis
47: 226-232.

Shanker C, Mohan M, Sampathkumar M, Lydia Ch,
Katti G, 2013. Functional significance of Micraspis
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svstem Jowrnal of Applied Entomology 137 (8): 601-
609,

Shanker C. Mohan M, Sampathkumar M, Lydia Ch,
Katti G, 2013. Selection of flowering forbs for
conserving natural enemies in rice fields. Biocontrol
Science and Technology 23(4): 480-484.

Shylesha AN, 2013 5tudies on Marietta leopardina
Motschulsky ( Hymenoptera: Aphelinidae) and
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Control 27(2): 120-123.

Shylesha AN, 2013. Host range of invasive Jack
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Gimpel and Miller in Karnataka. Pest Managemeint
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Journal of Biological Control 27(4):334-335,

Silvester R A, Antony CI. Pratheepa M, 2013. Fast
and Efficient Hashing for Sequence Similarity Search
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Databases. International Journal of Computer
Applications 78 (%) 13-17,

Sivakumar G, Rangeshwaran B, 2013 Evaluation of
strain NBAII 63 against Bacterial Wilt of Brinjal
Bacillus megaterium {(Solanum melongena).
Jowrnal of Myeology and Plant Pathology 43(1):
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Induced defense response in brinjal plants by Bacillus
megaterium NBAIL 63 against bacterial wilt
pathogen, Ralstonia selanacearum. Jowrnal of
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Sriram 5, Savitha MJ, Rohini HS, Jalali 5 K, 2013,
The most widely used fungal antagonist for plant
disease management in India, Trichoderma viride is
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oligonucleotide barcode and morphological characters.
Current Science 104: 1332-1340

Veenakumari K, Buhl PN, Prashanth Mohanraj. Khan
F R. 2013, Three new species of Allotropa Forster
{Platygastridae; Sceliotrachelinae) from India.
fnternational Journal of Environmental Studies.
TJ0i2): 222-231.

Veenakumari K. Buhl PN, Prashanth Mohanraj. Khan
F R, 2013. Five new species of Amblvaspis Firster
{Platygastroidea: Platygastridae) from India.
Entomologists Monthly Magazine, 149 223-234,

Veenakumari K. Mohanraj P Lakshmi B L, 2014,
Platygastroidea {Hymenoptera) of Andaman and
Nicobar Islands, Indian Ocean (India). Emomaofauna
Zettschrift fiir Entomologie 35(11): 205-216.

Veenakumari K. Rajmohana K, Prashanth M, 2012,
Studies on phoretic Scelioninae (Hymenoptera:
Platygastridae) from India along with description of a
new species of Mantibaria Kirby. Linzer Biologische
Beitrdige 44(2): 1715-1725.

Wakchaure GC, Kamlesh K, Meena RL, Choudhary,
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rapid composting procedure enhance the substrate
guality and vield of Agaricus bisporus, African
Journal of Agricultural Research 8(35): 4523-4536.
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G. Rangeshwaran R, Tripathi CPM, 2013.
Streptomyees sp. 5100 A potential antagonist against
chickpea charcoal root rot caused by Macrophomina

phaseolina { Tassi) Goid, Annals
of Microbiology DOL 10.1007/s13213-
013-0750-6.

Yadav AK, Vardhan S, Kashyap S, Yandigeri MS,
Arora DK, 2013. Actinomycetes Diversity among
rRNA Gene Clones and Cellular Isolates from
Sambhar Salt Lake. India, The Scientific World
Jourmal Article 1D 731301, pp. 1. htip://dx.doi.org/
10, 1155/2013/781301,

AAU-Anand

Jat BL, Mehta DM, Ghetiva LV, 2013, Biology of
mealy bug, Phenacoccus solenopsis Tinsley on Bidi
tobacco, Nicotiana tabacum L. Bioinfolet 10 {4 ¢) :
1458 — 1461,
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Jat BL. Mehta DM, Ghetiva LV, 2013, Toxicity
insecticides against mealy bug Phenacoccus
solenopsis Tinsley (Hemiptera: pseudococcidae) on
Bidi tobacco under glass house condition, Bioinfolet
1002 Ay - 422-424,

Patil RA, Mehta DM, Jat BL, 2014, Studies on Life
Fecundity Tables of Spodoptera litura Fabricius on
Tobacco Nicotiana tabacum Linnacus. Entomol
Ornithol Herpetol 3: 118,

Dhobi CB, Mehta DM, 2013. Impact of food on
efficacy of insecticide against mealybug,
Phenacoccus selenopsis Tinsley (Hemiptera:
Pseudococcidae). Journal of insect science  26:
162-167.

Moushad P, Kuldeep K. Panpatte D, Jani J, Mehta D,
2013, Novel metabolites of Psewdomonas: a new
avenue of plant health management. fnternational
Research Journal of Management Science &
Technology 4 (3): 467-484.

GBPUAT-Pantnagar

Rawat L, Singh Y, Shukla N. KumarJ, 2013. Salinity
tolerant Trichoderma harzianum reinforces NaCl
tolerance and reduces population dynamics of
Fusarium oxysporum f.sp. ciceri in chickpea (Cicer
arietinnem L) under salt stress conditions. Archives

af Phvtopathology and Plant Protection (http://
dx.doi.org/10.1080/03235408.2013.76931 6).

Saxena D, Tewari AK. Rai D, 2014. The in vitre
effect of some commonly used fungicides. insecticides
and herbicides for their compatibility with Trichoderma
harziainum PBT23. World Applied Sciences Journal
31 (4): 444-448,

Sofi TA, Tewari AK, Razdan VK, Koul VK, 2014.
Long term effect of soil solarization on soil
properties and cauliflower vigor. Phvtoparasitica 42
{1y 11-14,

Vinod Kumar CS, Mathela, Geeta T. Darshan 5,
Tewari AK, Bisht KS, 2014.Chemical composition
and antifungal activity of essential oils from three
Himalavan Erigeron species. LWT - Food Science
and Technology 56 @ 27T8-283
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Negi DS, Kumar J, Gupta RK, Shah B, 2013,
Integrated organic management of powdery mildew
disease in vegetable pea caused by Erysiphe
polygoni. Journal of Ecofriendly Agriculiure
8:89-91.

TNAU-Coimbatore

Aravind J, Karuppuchamy P, Kalyanasundaram M,
Boopathi T, 2012, Predatory potential of green lace
wing, Chryvsoperla zastrowi sillemi (Esben-Peterson)
i Meuropiera: Chrysopidae) on major sucking pesis of
Okra. FPest management in  Horticultural
Ecosvstems 18(2):231-232,

Boopathi,T and Karuppuchamy P. 2013, Evaluation
of ecofriendly agents against spiraling whitefly
Alewrodiscus disperses Russel on brinjal Madras
Agriculiure Jouwrnal 100; 4-6.

Jeyarani S, Sathiah N, Karuppuchamy P, 2013, An in
vitro method for increasing UV-tolerance in a strain
of Helicoverpa armigera (Lepidoptera: Noctuidae)
nucleopolyhedrovirus Biocontrol Science and
Technology 23(3): 305-316.

Kalyanasundaram M, Thiyagarajan P, Jawaharlal M.
2012. Effect of pesticides on management of blossom
midge Contarinia maculipennis
Felt.(Cecidomyiidae:Diptera) in Jasmine Jasminum
sambac (L.) South Indian Horticulture 60 169 -
172

Kalyanasundaram M. Mani M, 2013. A new invasive
jack Beardsley mealy bug Psendococcus
Jackbeardslevi (Hemiptera @ Pseudococcidae) on
papaya in India Florida Entomologist 96(1): 242-
246.

Muthulakshmi P, Kalyanasundaram M, Thiyagarajan
P, Jawaharlal M, 2012, Ecofriendly methods to
manage Alternaria leal blight (Alternaria jasmine)
in Jasmine Jasminum sambac (L.) South Indian
Haorticulture 60: 169 -72
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Chavhan U, Sharma PL, Gupla PR, Sharma KC,
Verma SP. 2013, Evaluation of some microbial
pesticides against apple stem borer, Aeolesthes sp. in
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Himachal Pradesh. Jowrnal of Biological Conirol
27 (3): 211-213

UAS - Raichur

Ranjithkumar L, Patil BY, Ghante YN, Bheemanna
M. Arunkumar H. 2013, Baseline sensitivity of brinjal
shoot and [ruit borer, Lewcinodes orbonalis (Guenée)
in South India to CrylAc insecticidal protein of
Bacillus thuringiensis. Current science 105(3): 366-
370.

Prakash, Bheemanna M, Hosamani AC,
Somasekhar Rao, Satvanaravana, 2013, Seasonal
incidence of mirid bug, Poppiocapsidea (=
creontiades) biseratense (Distant) on 8t cotton.
Bioinfoler 10 (3a), 8I9-821.

Prakash B. Hosamani M. Somasekhar AC,
Ghante Vijayakumar, 2013.Screening of Bt cotton
hybrids against mirid bug Poppiocapsidea (=
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Bininfoler 10 (3a): 855-857.

Ghante VN, Kumar L, Ranjith, Chowdary L, Rajesh,
Poornima R, Kisan B, Bheemanna M, Hosamani
A,2013. Detection of genetic variation in brinjal shoot
and fruit borer (Leucinodes orbonalis (i) populations
using rapd markers. Bioinfoler 100 (db): 1208-1210.

Ghante VN, Chowdary L, Rajesh, Kumar L, Ranjith,
Arunkumar H, Bheemanna M, 2013. Integrated pest
management (IPM) against paddy insect pests in
Tungabhadra command area of Karnataka. Bioinfolet
10 (4b): 1211-1213.

CPCRI-Kayangulam

Chandrika  Mohan,  Josephrajkumar A,
2013 Understanding damage symptoms and
management of coconut pests. Indian Coconul
Journal 56 (3): 10-15.

Josephrajkumar A. Rajan P, Chandrika Mohan,
Namboothiri CGN, 2013, Distinguishing palm aphid
and arecanut whitefly, two emerging pests in palms.
Indian Journal of Arecanut, Spices & Medicinal
Planis 15 (2): 3-7.

Sivakumar T. Chandrika Mohan, 2013, Occurrence

of rhinoceros beetle, Oryctes rhinoceros L.. on
banana cultivars in Kerala. Pest Management in
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Horricnltural Ecosystems 19 (1) 99-101.

Chandrika Mohan, Anithakumari P, 2013. Biological
methods for management of rhinoceros beetle
(Malayalam), Information booklet. 10p. CPCRI{RS)
Kayvamkulam.

Chandrika Mohan, Kalavathi S, Merin Babu, 2013.
Coconut pests and their management —diagnose before
treatment. Kerala Karshakan 592): 31-33.

Chandrika Mohan, Kalavathi S, Merin Babu,
2013, Thengu lakshanam arinjuvenam chikilsa -
rogangalum prathividhivam™ Coconut diseases

and their management. Kerala Karshakan
S%3): 41-43,

Josephrajkumar A, Chandrika Mohan, 2014, Beware
of pests (Agro-clinic) Kerala Karshakan 109); 25-
33.

IMHR-Bangalore

Pillai G, Ganga Visalakshy PN, Krishnamoorthy A,
Mani M., 2013, Evaluation of the indigenous
parasitoid Encarsia transvena (Hymenoptera:
Aphelinidae) for biological control of the whitefly
Bemisia tabaci (Hemiptera: Alevrodidae) in
greenhouses in India. Biocontrol Science and
Technology, 24(3),

SKUAST- Srinagar

Shah MA, Khan AA, 2014, Qualitative and quantitative
prey requirements of two aphidophagous coccinellids,
Adalia tetraspilota and Hippodamia variegata.
Jowrnal of Invect Science 14(72)

Shah MA, Khan AA, 2014, Imaging techniques for
the detection of stored product pests. Applied
Entomoloey and Zoology 49(23:201-212,

Shah MA, Khan AA, 2014, Use of Dialomaceous
Earth for the Management of Stored Product
Pests. International Jowrnal of Pest Managemeni
60(2):1-4.

Shah MA, Khan AA. 2014, Functional response- a
function of predator and prey species. The Hioscan
B(1):751-758,

Khan AA, 2013, Evaluation of the biological control
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efficiency of spiders using functional response
experiments. The Bioscan 8(4):1123-1128.

Book / Book Chapter / Technical Bulletin /
Folder / Training Manual / Popular article

NBAIlBangalore

Bakthavatsalam N, Tandon PL, Deepa Bhagat,
201 3. Trichogrammatids: Behavioural Ecology. p 77-
104 In: Sithanantham 5. Ballal CR. Jalali SK,
Bakthavatsalam N. (Eds). Biological control of
insect pests using egg parasitoids.  Springer India.
Mew Delhi. 424pp.

Ballal C R, 2013, Other Egg parasitoids; Research
for utilization. p. 223 - 270 In: Sithanantham S, Ballal
CR. Jalali SK. Bakthavatsalam N.(Eds). Biological
contrel insect pests wusing egg parasitoids Springer
India. New Delhi. 424pp.

Jalali § K, 2013. Natural occurrence, host range and
distribution of trichogrammatids egg parastoids. p.67-
76 In: Sithanantham S. Ballal CR, Jalali SK,
Bakthavatsalam N. {(Eds). Bielogical control of
insect pests using egg parasitoids. Springer India.
Mew Delhi. 424pp.

Jalali 5 K, Venkatesan T, Rangeshwaran R, Sriram
S, Sivakumar G, Abraham Verghese, 2014. Biological
Control of Pests of Tomato, Brinjal, Cotton, Sugarcane
and Rice using Siress
Tolerant Natural Enemies (In English). NBAII,
Bangalore

Talali 8§ K, Venkatesan T, Rangeshwaran R, Sriram
S, Sivakumar G, Abraham Verghese, 2014. Biological
Control of Pests of Tomato, Brinjal, Cotton, Sugarcane
and Rice using Stress Tolerant Natural Enemies (In
Tamil). NBAIIL, Technical Bulletin, Bangalore

Joshi 8. Poorani J, Shylesha AN, Verghese A, 2013,
Pest alerr; Mealvbugs. Recent introductions and
potential invasive. Technical Folder, NBAII,
Bangalore 24,

Lalitha ¥, Ballal CR, Joshi 5, Shylesha AN,
Bhumannavar BS, 2013, Adivasi Budagatiu
pradeshada kshethramatiadalli eri reshmehulada
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motte wpavogisi trichogramma chilonis vriddhi
madiva vidhana. (in Kannada)., Technical Folder,
NBAIL Bangalore

Lalitha Y, Ballal CR. Joshi S. Shylesha AN,
Bhumannavar BS, 2013. Farm level production of
Trichogramma chilonis on Erisilkworm eggs and its
utility in tribal arcas.

Lalitha ¥, Venkatesan T, Jalali SK, 2013. Safety testing
of pesticides for integration with Trichogrammatids:
Adaptation to stresses, P. 127-174 pp. In: Sithanantham
S, Ballal CR, Jalali SK, Bakthavatsalam N, {(Eds).
Biological control of insect pests using egg
parasitoids.  Springer India. New Delhi. 424pp.

Mohan M. Venkatesan T, Sivakumar G, Yandigeri M5,
Abraham Verghese. 2013,  Laboratory manual on
Detection  and measurement of insecticide
resistance ncluding molecular aspects in insect
pests. NBAIL, Bangalore. 105pp

Mohan M., Venkatesan T, Sivakumar G, Yandigeri MS,
Abraham Verghese, 2013, Theory manual on
Derection and measurement of insecticide
resistance including molecular aspects in insect
pests. NBAIL, Bangalore. 215 pp

Mohan M, Sivakumar G 2013, Safe seed treatment
practices and reguirements in India. Varika 3: 2-4.

Mohan M, Sivakumar G, 2013, Scope of using Bacillus
thuringiensis 10 manage insect pests of spices Spice
India 26 (G): 11-12

Murthy KS5. Jalali 5K, Stouthamer. 2013, Molecular
Taxonomy of Trichogrammatids. P 39-66  In:
Sithanantham 5, Ballal CR, Jalali SK. Bakthavatsalam
N. (Eds). Biological contral insect pests using egg
parasitoids. Springer India. New Delhi. 424pp.

Nagesh M, Jagadeesh Patil, Shylesha AN, 2013.
Training manual on Eco-friendfy management of
whitegrubs and other sofl arthropods using
entomopathogenic nematodes. 145pp.

Radha TK, Yandigeri MS, Roopa TK, 2013, Microbial
plant growth promotion and biological control of plant
pathogens. In: Newer Approaches to Biotechnology
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(Eds.) Behera KK. Narendra Publishing House, pp.
239-255

Satpathy 5, Shivalingaswamy TM, 2014. Insect pests
of vegetables and their management. p 546-381 In:
Olericulture (Eds.), Singh KP, Anant Bahadur ,
Kalvani Publishers.

Sivakumar G, Mohan M, Yandigeri M §,2013. A novel
bio control technology for the management of bacterial
wilt of tomato Virika 2: 7-9.

Sivakumar G, Rangeswaran R, Mohan M, Yandigen
M S. 2013, Bacterial endosyvmbionts associated with
insecticide resistance in Nilaparvata lugens (Brown
planthopper of rice). National Academy of
Biological Sciences Newsletter
4(2): 5.

Shivalingaswamy TM, Satpathy 5, 2014, Biological
control of insect pests in vegetable crops.p 591-597
In: Olericulture (Eds.), Singh KP. Anant Bahadur ,
Kalyani Publishers

Shylesha AN, Bhumannavar BS, Rajeshwari 5K,
2013, The invasive weed-Giant sensitive plant

(Mimosa dipiotricha) Boon or Bane to agriculture.
Viatika 3 : 18-22.

Venkatesan T, Jalali SK, 2013, Trichogrammatids:
Adaptation 1o stresses, p 105-126 In: Sithanantham
5. Ballal CR. Jalali SK, Bakthavatsalam N. (Eds).
Biological control of inseci pest using egg
parasitaids. Springer India. New Delhi. 424pp.

Venkatesan T, Sivakumar G, Abraham Verghese,
Geetha G T, Nesil liz Baby, 2013. NBAIl -Business
proposals 2013-14. Technical bulletin No. 42,
National Bureau of Agriculturally Important Insects,
Bengaluru-24, India.

Sithanantham 5, Ballal CR, Jalali § K,
Bakthavatsalam N, 2013. Biological Control of insect
pests using egg parasitoids. Springer, DOI 10.1007/
978-81-322-1181-5,424 pp.

Yandigeri M5, Dhananjaya P. Singh, 201 3. Benelficial
plant-microbe interactions in the soil for sustainable
agriculture. P 187-213 In: Newer Approaches to
Biotechnology (Eds.} Behera KK. Narendra
Publishing House.
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Yandigeri M5, Sivakumar G, Rangeswaran R, 2013.
Potentiality of endophytic actinomycetes in the
promotion of growth of wheat under drought siress
conditions. Varika 4: 20-24.

Yandigeri MS, Sivakumar G, 2013. Endophytic
actinobacteria promote growth of wheat (Triricum
aestiviem) under moisture stress conditions.
Narional Academy of Biologival Sciences,
Newsletter 4(2): 9.

AAU-Anand

Janardan 1J, Godhani PH, 2013. Fundamentals of
microbial bioccontrol and plant growth promotion
practices. Biological Control Research Laboratory,
AAL, Anand.

AAU-Jorhat

Anjumoni Devee, Baruah AALH, 2013. Toxicological
Studies of imidacloprid and bifenthrin against Mustard
aphid, Lipaphis erysimi (Aphididae: Hemiptera) on
Brassica rapa L. subsp. oleifera (toria)” . LAP
Lembert, Germany

Anjumoni Devee, Kotoky U, 2013, Kal: ek sampurna
khadya, (Assamese), 1-16" Dec, Prantik Bimonthly
Assamese Magazine,

Saikia DK, Anjumoni Devee, 2014. Sak Pachalir
samannit Patanga Niyantran, (Assamese), Dainik
Janambhumi, January,

Saikia DK, Anjumoni Devee, 2014, Udyan Sasyar
Samannit Patanga Niyantran (Assamese).. Doinik
Janambhumi, Febbuary .

Saikia K, Anjumoni Devee, 2014, Trichogramma—
Pakhila jatiya patanga nivantranar pradhan ahila
{ Assamese).

Alam 5, Kalita P. Devee A, 2013. Production
Technology of Tuber crops (Assamese).

GBPUAT- Pantnagar

Rawat L. Singh Y, Kumar J, 2013, Trichoderma:
Fungal antagonist for plant disease control in
agriculture.pd93-511 In: Innovative Approaches in
Plant Disease Management (Eds.) Singh KP,
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Prajapati CR. Gupta AK, LAP LAMBERT Academic
Publishing, Germany.

MPKV-Pune

Chandele AG. Kharbade 5B, Makat RV, Jadhav 55,
Pokharkar DS, Smita Bayas, Hazare AR. 2013.
Promotion of Mycoinsecticides for Agriculturally
Important Pests and Discases in Maharashtra,
Kavaka.

Sharma KK. Saudaminin M. Ahuja AK, Deepa
M. Sharma D, Jagdish GK, Rashmi N, Battu RS,
Sharma SK. Balwinder Singh NS, Parihar BN,
Sharma V D, Kale R, Nakat AR, Walunj,
Geeta Singh, Kuldeep K, Ravivanshi, Suneeta
Devi, Rajbir Noniwal, 2014, Safely evaluation of
flubendiamide and its metabolites on cabbage and
persistence in soil in different agroclimatic zones of
India. p 1-7 In: Environmental Monitoring Assessment,
Springer International Publishing, Switzerland.

Kharbade SB. Dhane AS, Naik RL , Chandele AG
2014, IPM in Rice, Folder pp-1-8.

PAU-Ludhiana

Aggarwal N, Kaur R, Sharma 8, 2013. Sauni dian
mukh fuslan de hanikarak kiriyvan di saravpakhi

roktham vich mitter kKiriyan di mahatata. Moderan
khee 28(19); 37-39,

Agoarwal N, Kaur R, Sharma S, Arora J K. Bakshi
D, 2013, Jevik vidhi dwara gajar butee di roktham:
Bulletin, Biocontrol Section. Department of
Entomology, PAU, Ludhiana.

SKUAST- Srinagar

Khan A, 2013. Spider fauna (Arachnida: Araneae) of
temperate vegetable ecosystem of Kashmir,
Biotechnological approaches in crop protection,
Biotech books

Shah MA, Khan A A, 2013, Aphids in agro-ecosysiem
and their management. Hill Agriculture . Daya
Publishing House.

TNAU Coimbatore
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Boopathi T, Karuppuchamy P, Kalyanasundaram M,
Mohankumar S, Ravi M, 2013, Pathogenicity, ovicidal
action, and median lethal concentrations (LC_) of
entomopathogenic fungi against exotic spiralling
whitelly, Alewrodicus dispersus Russell. Jowrnal of
Pathogens, Article 1D 393787, 7 pages.

Durairaj C, Kalyanasundaram M, Bharathimeena T,
2014. Current status and potential of biopesticides in
pest management in stored products, p 431-451. In:
Biopesticides in Sustainable Agriculture- Progress and
potential (Eds.) Opender Goul. Scientific publishers,
India.

UAS- Raichur

Chowdary RL, Hosamani AC, Kumar LR, Ghante
VK, Bheemanna M, 2013. Climate change — imapet
on insect population and management. Infegrated
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Pest Managenient. Scientific publishers, New Delhi.

Hosamani AC, Rajesh Chowdary, Vijaykumar Ghante,
Jayashree, Bheeemanna, Shivaleela, 2013, Insect pest
management of major vegetable crops in integrated
tarming systems. Integrated farming management-
A strategy for sustainable farm production and
livelihood securityv. Agrotech publishing academy,
Udaipur.

ITHR - Bangalore

Krishnamoorthy A, Mam M. Ganga Visalakshy PN,
2013. Egg parasitoids in vegetable crops ecosystem:
Research Status and Scope for Utilization. In:
Sithanantham 5, Ballal CR. Jalali SK.Bakthavatsalam
N. (Eds). Biological control of insect pests using
erp parasitoids. Springer India. New Delhi. 424pp.
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22nd Biocontrol workers' group meeting held at WBAIL Bangalore from 24-25 May, 2013
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ONGOING RESEARCH PROJECTS

Institute Projects

M.

Project Title (Start Date To End Date)

Pl

l'

Biodiversity ol Aphids, Coccids and their Natural Enemies
(2782010 to 31/3/2016)

Sunil Shankar Joshi

Biodiversity of Oophagous Parasitoids with Special
Reference to Scelionidae (1/9/2008 10 31/3/2018)

Veenakumari Kamalanathan

LY

Biosystematics and Diversity of Agriculturally
Important Cerambycidae (3/10/2013 1o 31/3/2017)

Muthugounder Mohan

Biosystematics and Diversity of Entomogeneous
Nematodes in India (1/4/2012 1w 31/3/2015)

Jagadeesh Patil

Biosystematics of Trichogrammatidae
(10/4/2013 1o 31/5/2017)

Prashanth Mohanraj

Development of Computational Tool for Prediction
of Insecticide Resistance Gene in Agriculturally
Important Insects (1/4/2012 to 31/3/2015)

Pratheepa M.

'II']

Digitization of Type Specimens in NBAIl Reference
Collections ( }/4/2013 to 31/3/20135)

Janakiraman Poorani

Distribution of Abiotic Stress Tolerant Genes / Alleles
Across Insect Orders (10/4/2014 To 31/3/2017)

Pratheepa M.

.
Iil‘l
-3
-
-
e
F

-

Diversity and Predator-prey Interactions With Special
Reference to Predatory Anthocorids and Mites
(24/3/2012 10 31/3/2017)

Chandish R. Ballal

10

Diversity of Economically Important Indian
Microgastrinae {Braconidae) supported by Molecular
Phylogenetic Studies (21/9/2010 10 21/9/2015)

Ankita Gupta

11

Exploitation of Beawveria bassiana for Management

of Maize Stem Borer (Chilo partelfus) and Tomato Fruit
Barer (Helicoverpa armigera) through Endophytic
Establishment (5/4/2014 to 31/3/2017)

Bonam Ramanujam

12

Genetic Diversity, Biology and Utilization of
Entomaopathogenic Nematodes (EPN) against
Cryptic Pests (1/4/2012 tw 31/372015)

Mandadi Nagesh

13

Influence of Infochemical Diversity on the Behavioural
Ecology of Some Agriculturally Important Insects
(3/10/2013 1o 31/3/2017)

N. Bakthavatsalam
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14 Insect Vector Components Influencing Sreerama Kumar Prakya
Phytoplasma Diseases ( 1/4/2012 1w 31/3/2015)

15 Introduction and Studies on Natural Enemies of Shylesha Arakalagud
some new Exotic Insect Pests and Weeds Manjundaiah
(27/8/2010 to 31/3/2015)

16 Mapping OF The Cry Gene Diversity In Hot Rajagopal Rangeshwaran
And Humid Regions Of India ( 1/4/2011 1o 31/3/20135)

17 Mechanism of Insecticide Resistance in Leucinodes Muthugounder Mohan
orbonalis, Lencopholis coneophora
(1102012 o 31/3/2016)

18 Microflora Associated with Insecticides Resistance in Gopalsamy Sivakumar
Cotton Leathopper (Amrasca biguttuda biguttula)
(12012 1o 31/3/2015)

19 Molecular Characterization and DNA Barcoding of Sushil Kumar Jalali
some Agriculturally Important Insect Pests
(042013 1o 30/92018)

20 Molecular Charatcerization and DNA Barcoding of Thiruvengadam Venkatesan
Agriculturally Important Parasitoids and Predators
(3022003 1o 31/3/2018)

21 Molecular Profiling of Subterranean Insect Diversity Srinivasamurthy Kotilingam
(5/4/2014 1o 31/3/2019)

22 Pollinator Diversity in Different Agro-Climatic Regions Shivalingaswamy
with Special Emphasis on Non-Apis Species Maharudrappa Timalapur
(1/4/2012 to 31/3/2015)

23 Role of Microbial Flora of Aphids in Insecticide Resistance Mahesh Shankarappa
(02002 10 31/372016) Yandigeri

24 Semiochemicals for the Management of Coleopteran Pests N. Bakthavatsalam
i 1/9/2010 o 31/3/2015)

25 Synthesis of Nanomaterials 1o Act as a Sensor for Deepa Bhagat
Semiochemcials in Pest Management
(4/11/2013 to 31/7/2017)

26 Taxonomic Studies on Fruit Flies (Diptera: Tephritidae) K . 1. David
of India (1/4/2012 10 31/32017)

27 Taxonomic Studies on Pentatomidae (Hemiptera: S. Salini
Pentatomoidea) of India with Special Reference 10
Pentatominae (14/3/2012 to 31/3/2017)
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Activities or ITMU

Technologies Developed (2013-14)

S5 No

Technology

Promising antagonist of Trichodenma harzianwm for management of
chilli anthracnose disease

3

Powder hased formulation of Pseudomonas fluorescens a DAPG producing
abiotic stress tolerant isolate for rainfed and stressed agricultural soils

Closed system for mass production of predatory mites

A dispenser for the monitoring of Eucalyptus gall wasp , Leptocybe invasa

LI S I S Y ]

A plant volatile based attractant for enhanced attraction of fruit fly

Technologies Commercialized (2013-14)

S.No | 2013-2014

I Pesticide tolerant strain of predator Chrysoperla zastrowi sillemi

2 Multiple insecticide tolerant strain of egg parasitoid Trichogramma  chilonis

3 High temperature tolerant strain of egg parasitoid Trichogramma chilonis

4 Novel insecticidal WP formulations of Heterorhiabditis indica sirain NBAIIL Hil for the
hiological control of white grubs and other soil insect pests

3 Novel wentable powder formulation of Pechonia chlamydosporia as bionematicide &
methods thereol for scale-up production & down-stream processing for biological control of
plant parasitic nematodes

G Liquid formulation of Bacilfus thuringiensis (NBAIL-Btl)

7 Biotormulation of salinity tolerant Trichoderma harzianum with biocontrol potential

B Bioformulation of carbendarim tolerant Trichoderma harzianum  with biocontrol potential

) Promising plant growth promoting strain of Bacillus megaterium for vegetable crops

NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS /l’l
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Revenue Generation

Source 20113-14 (Rs. in lakhs)

Commercialisation of IP Protected Technologies 11.25

Commercialisation of non- IP Protected Technologies | Sale of bioagents
a) Macrobials 2.82
b) Microbials 2.0
Royalty 0.35
Publications 0.35
Fees and subscriptions 1.72
Other Income T.61
Total 14.95
Grand Total 26.20

NBAII Industry Meet

The Institute Technology Management Unit, NBAIl and Zonal Technology & Management Unit, CIFT,
Cochin in association with Society for Biocontrol Advancement, Bengaluru organized one day NBAI-Industry
Interface Meet on 7" December 2013 at Bengaluru. The main objective was to showcase, promote and
commercialize the biocontrol technologies such as Trichogramma, Chrysoperla, predatory mites and
formulations of Trichoderma. Psuedomonas, Bacillus, Bt, EPN and others developed at this bureau to the
industries, NGOs and other agripreneurs who are engaged in production of various biocontrol agents and
tormulations. The meet was attended by 50 industries and there were more than 100 participants. The meeting
gave a bigger platform for NBAII to showcase technologies in the biocontrol market and increased our brand
value,

MATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS
NBAII-INDUSTRY INTERFACE MEET
7" December 2013
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M/s. Allwin Industries Pvi. Lid., Indore, Madhya Pradesh (above) and
M/s. Agri Biocare Pvi. Ltd.. Kerala (helow) purchasing technologies developed at NBAII
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CONFERENCE PAPERS

NBALII, Bangalore

Ashwitha K., Rangeshwaran R, Lalitha Y, Ballal CR.
2013. Microflora associated with Corcyra
cephalonica (Stainton) (Lepidoptera, Pyralidae) and
their role in affecting its mass production. p.49 In:
IOBC MROA 13" workshop on “"Emerging
Opportunities for the Mass Production and
Quality Assurance of Invertebrates”, 06-8
November, Bangalore.India. 94pp.

Ashwitha K, Rangeshwaran R, Jalali SK. Sivakumar
(: 2013. Proteomic approaches to identify the stress
responsive genes expressed by Pseudomonas
putida (NBAII- RPF 9) under heat and saline stress.
p.66 In: First Intentional and third national
conference , 28-29 June, Tirupati,

Bakthavatsalam N, 2014. Chemical ecology of
entomophagous insects at. p. 30-31 In: National
Svmposium on emerging trends in Ecofriendly insect
pest management (Eds.). Srinivasan MR, Ganapathy
N, Suganthy M. Bhuvaneswari K. Vishnupriya R,
Kuttlam S, Ramaraju K , TNAU Coimbatore, 447 pp.

Ballal CR. Manjunath TM, Sithanantham 5. Verghese
A, 2013, Quality control parameters for mass-reared
insects with Trichogramma (Hymenoptera,
Trichogrammatidae) as a case study. p.77 In : IOBC
MRQA 13" workshop on  “Emerging
Oppaortunities for the Mass Production and
Quality Assurance of Invertebrates”, 6-3,
November, Bangalore, India, 94pp.

Ballal CR, Abraham Verghese, 2013. Biological
control of major crop pests. KNK National
conference, UAS, GKVK, Bangalore, 237 October.

Ballal CR, Joshi S, Bhaskaran, TV, Lakshmi L. 2013.
Production protocols for indigenous ichneumonid
parasitoids Campoletis chlorideae Uchida and

Eriborus argenteopilosus (Cameron). p.33. In:
IOBC MROA 13" workshop on “Emerging

Opportunities for the Mass Production and
Quality Assurance of Invertebrates”, 6-8.
November at Bangalore,India.94 pp.

Gupta A, Lalitha Y, Ballal CR, 2013. Production
protocol for Anastatus (Anastarus) acherontiae
Narayanan, Subba Rao & Ramachandra Rao
(Hymenoptera: Euplemidae), a potential egg
parasitoid of litchi stink bug, Tessararoma javanica
(Thunberg) (Hemiptera: Tessaratomidae). p. 65 In:
IOBC MROA 13" workshop on “Emerging
Opportunities for the Mass Production and
Quality Assurance of Invertebrates™, Bangalore,
India, 94 pp.

Gupta T. Ballal CR. 2013. A mass rearing protocol
for the anthocorid predator, Blaprostethus paflescens
Poppius. p. 32. In: [OBC MRQA 13" workshop
on “"Emerging Opportunities for the Mass
Production and Quality Assurance of
Invertebrates”, Bangalore, India, 94 pp.

Hema Bisht, Deepa Bhagat, 2014, “Metabolic
profiling of different developmental stages of
Solanum Ilvcopersicum L. using NME
Spectroscopy” published at National Conference on
Frontiers in Applied Spectroscopy (NCOFIAS-
2014), 13"-14", Febraury 2014, Department of
Chemistry Maharani's Science College for Women,
Bangalore, India.

Hema Bisht, Deepa Bhagat, Srujana S, Bhatanagar
MK, 2014. Metabolic profiling of different
developmental stages of Solanum Ivcopersicum L.
using GC-MS Spectrometry™. In: Second National
conference on Physics and Chemistry of Solids.
29"_30" March, SR & BGNR Govt. Arts & Science
College, Khammam, Andhra Pradesh, India.

Hema Bisht, David KI, Jayanthi Mala BR. Deepa
Bhagat, 2014, Chemical profiling of Bactrocera
dorsalis and Bactrocera caryeae species using
Proton NMR Spectroscopy™. In: National
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Conference on Frontiers in Applied Spectroscopy
(NCOFIAS-2014), 13"- 14" Febraury, Department
of Chemistry Maharani’s Science College for
Women, Bangalore, India.

Hemalatha BN, Venkatesan T, Jalali SK, Reetha B,
Abraham Verghese2013. Endosymbiotic yeast, a
dietary source for improved production of
Chrysoperla zastrowi sillemi Neuroptera:
Chrysopidae). p.35-36 In: 13th Workshop of the
10BC Global Working Group on Mass Rearing
and Quality Assurance, Bangalore, November 6—
8, 2013, India.94pp.

Joshi 5, Ballal CR, Lakshmi BL, 2013. Small scale
production technique for Angoumois grain moth,
Sitotroga cerealella (Olivier). p. 22, In: I10BC
MRQA 13" workshop on  “Emerging
Oppartunities for the Mass Production and
Cuality Assurance of Invertebrates”, Bangalore,

India, 94 pp.

Joshi S, Ballal CR, Lakshmi BL, 2013. Development
of a novel mass production technique for Brumoides
suturalis (Fabricius) (Coleoptera: Coccinellidae). a
predator of mealybugs. p. 29. In: IOBC MRQA 13"
workshop on “Emerging Opportunities for the

Mass Production and Quality Assurance of

Invertebrates™, Bangalore, India, 94 pp.

Krishna Kumar NK, Shylesha AN, 2013. Scope of
integrated methods of pests and invasive management
with a special emphasis on biological control in Forest
ecosystems. In: National Seminar on Forest Health
Management (Eds.) Balu A, Jayaraj RSC,
Regupathy A, Mohan V, Rekha R, Warrier.
Raghunath TP, Krishna Kumar N. PRDAG Print.
Coimbatore, pp 7-15.

Lalitha Y, Ballal CR, Patel VN, 2013. Quality
assessment of mass reared Trichogramma chilonis
Ishii (Hymenoptera: Trichogrammatidae) based on
field performance. p. 60 fn : IOBC MRQA 13"
workshop on “Emerging Opportunities for the

Mass Production and Quality Assurance of

Invertebrates”, Bangalore, India, 94 pp.

AnNuAL Report 2013-14

Manjunath TM, Sithanantham S, Ballal CR,
Krishnamoorthy A, 2013. Legal and ethical issues
related to mass rearing and utilization of insect
parasitoids, predators and their hosts. p. 80. fn:
IOBC-MRQA 13" workshop on “"Emerging
Opportunities for the Mass Production and

Quality Assurance of Invertebrates”, Bangalore,
India, 94 pp.

Mohan M, Venkatesan T, Yandigen MS, 2013.
Metabolic basis of insecticide resistance in brinjal
shoot and fruit borer. Lencinades orbanalis Guenee
(Lepidoptera: Pyralidae), p.29: International
Conference on Biotechnoly, Bioinformatics and
Bieengineering” , 28-29" June, Tirupati, Andhar
Pradesh, India.

Nagesh M, Shylesha AN, Jagadish Patil, Nikita Pai,
Saleem Javeed, 2013. Improvised in vive
production and formulations of entomopathogenic
nematodes. and current status of commercialization
in India In : 13th IOBC-MRQA Workshop on
Emerging Opportunities for the Mass Production
& Qualirty Assurance of Invertebrares, Bangalore,
6-8 November, Bangalore, India, 94pp.

Nagesh M. 2014. Nematode management in
protected cultivation, at National Business Meet
ant Protected Cultivation, TTHR . Bangalore.

Padmananban B, Bakthavatsalam N, Ravindra KV,
Alagesan A, 2014. Identification of weevil active volatiles
from a susceptible cv poovanleat sheath by GCEAD. p
248-249 In: National Svmposium on emerging trends
in Ecofriendly insect pest management ( Eds.)
Srinivasan M R. Ganapathy N, Suganthy M,
Bhuvaneswari K, Vishnupriya R, Kuttlam 5, Ramaraju
K, TNAU Coimbatore. p447.

Poorani I, 2014. Challenges for Indian insect
taxonomists, p. 7-9. fn: National Symposium on
Emerging Trends in Eco-friendly Insect Pest
Management (Eds.)  Srinivasan MR. A book of
Extended Summary, Abstract DIV-LP-03. Published
by the Department of Agricultural Entomology,
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Centre for Plant Protection Studies, January 22-
24, TNAU, Coimbatore.India.

Pratheepa M, Ballal CR, Antony CJ, Lalitha Y,
Silvester RA, 2013. E-resource on mass production
protocols for some important host insects, parasitoids
and predators. p. 43. In: [OBC-MRQA 13"
warkshop on “Emerging Opportunities for the
Mass Production and Quality Assurance of
Invertebrates”, Bangalore, India,94 pp .

Pratheepa M, Ballal CR., Cruz Antony I, Lalitha Y,
Silvester RA, 2013, E-resource on mass production
protocols for some important host insects, parasitoids
and predators. /n : JOBC MRQA 13" workshop
on “Emerging Opportunities for the Mass
Production and Quality Assurance of
Invertebrates”, Bangalore, India.pp. 94.

Preetha B, Mohankumar 5, Ramasubramanian T,
Ramanujam B, 2014. Exploitation of endophytic
Beauveria bassiana (Balsamo) Vuillemin - A novel
approach to manage truit and shoot borer,
Leucinodes orbonalis L of Brinjal p.443 In:
National Svmposium on " Emerging Trends in Eco-
friendly Insect Pest Management” , TNAL, 22-
24 January, Coimbatore, India.

Ramya SL, Venkatesan T, Jalali SK, Murthy KS.
2014. Biochemical mechanism of insecticide
resistance in field populations of diamondback moth,
Plutella xylostella, In: 2 International Conference
onAgrcultural and Horticultural

Hyderabad,03-05 Nov. 2014.

Sciences, at

Renuka S, Ramanujam B, Honnur Basha, Yatish
KK, 2014, Effect of solid substrates on conidial
production and virulence of Beauwveria bassiana
against maize stem borer, Chilo partellus, p.136 In:
National Svmposium on “Emerging Trends in Eco-
friendly Insect Pest Management”™ ;TNAU, 22-24
January, Coimbatore, India.

Sampathkumar M, Shanker C, Mohan M,

Padmavathi Ch, Subaharan K, Katti G, 2014.
Emergence pattern, reproductive biology and
courtship behaviour of rice pink stem borer,
inferens (Walker) (Noctuidae:
Lepidoptera). p.24 n: 2™ International conference
on Agricultural and Horticultural Sciences, 3-5
February, Hyderabad. India.

Sesamia

Sithanantham 5, Ballal CR, Manjunath TM,
Krishnamoorthy A, 2013. Risk assessment criteria
and methodologies for insect biological control agents
to suit the developing world scenario. p. 75 In: IOBC
MROA 13" workshop on  “Emerging
Opportunities for the Mass Production and

Quality Assurance of Invertebrates”, Bangalore,
India. 94 pp.

Shrath Pattar, Madhusmita Panda, Jalali, SK, Nagesh
M. Venkatesan T, Robinson S, Pratheepa M, 2014,
Applications of interactome analysis in addressing
insecticide resistance mechanisms. In: National
Seminar on Data mining Technigues in Genomics
and Proteomics, Bharathiar University, 24™ January,
Coimbatore, India.

Shylesha AN, Mani M, Shivaraju C, 2013.
Production of hosts and parasitoids for management
of the papaya mealybug. Paracoccus marginatus
Williams and Granara de Willink
(Hemiptera:Pseudococeidae), an invasive pest of
several vegetable and fruit crops: In IOBC MRQOA
13" workshop on “Emerging Opportunities for
the Mass Production and Quality Assurance of
Invertebrates ", Bangalore, India, 94 pp.

Sivakumar G, Rangeshwaran R, Yandigen MS,
Mohan M, Yalashetti S, 2013. Microflora associated
with the hoppers of cotton, brinjal and rice and
their role in insecticide resistance. In: huernational
conference on Biotechnologv, Bioinformatics aned
Bioengineering , 28-29 June. Tirupati, India.

Sivakumar G Yandigeri MS, Rangeshwaran R,
Mohan M, Yalashetti 8, Venkatesan T, Raveendran
P, Abraham Verghese. 2013. Diversity and role of
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gut bacteria associated with the field populations of
Amrasca biguttula biguriuda (Ishida) (Homoptera,
Cicadellidae) of cotton. In: 13th workshop of the
1OBC Global warking group on mass rearing and
quality assurance, 6 to 8" November, Bangalore,
India, 94pp.

Sreerama Kumar P, Murthy KS, 2013, Orosius
albicinctus  and Hishimonus phycitis may have
equal status as vectors of sesame phyllody. In:
National Symposium on Pathogenomics for
Diagnosis and Management of Plant Diseases, 24-
25" October, 2013. Central Tuber Crops Research
Institute. Thiruvananthapuram, Kerala.

Srinivasa Murthy K. Ramya SL, Venkatesan T,
Jalali SK, Jency Jose, 201 3. Fitness benefits of the
bacterium Wolbachia in improving the bio control
potential of the parasitoid . Cotesia plutellae (
Kurdjumov) (Hymenoptera: Braconidae). fn: /3"
Workhop of 10BC- Global Working Group on
Mass rearing and Quality Assurance, 6-8"
November., 2013. Hotel Move-n-Pick,
Bangalore,94pp.

Sujayanand G K. Bakthavatsalam N, Ravindra KV,
Ramakrishna P, Raghavendra A, 2014.
Electrophysiological response of legume pod borer,
Maruca vitrata (Fabricius)

Crambidae: Lepidotera) to pigeon pea volatiles. In:
National Svmposium on emerging frends in
Ecofriendly insect pest management. Srinivasan ME,
Ganapathy N, Suganthy M. Bhuvaneswari K,
Vishnupriya R, Kuttlam S, Ramaraju K. TNAU
Coimbatore. p 447.

Verghese A, Bakthavatsalam N, Shylesha AN,
Jacob JP, Ravindra KV. 2013, Management of
eucalyptus gall wasp, Leptocybe invasa through
classical binlogical control and semiochemicals an
NBAII initiative. In: National Symposiam on
Eucalyptus gall wasp, IFGTB., May 8. Coimbatore.

Venkatesan T, Mahiba Helen 8, Jalali SK., Srinivasa
Murthy K, Lalitha Y, 2013. Rearing and evaluation
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of pesticide tolerant populations of Chrysoperla
zastrwi  sillemi. P.57-58 In: {OBC MRQA 3™
workshop on “Emerging Opportunities for the
Mass Production and Quality Assurance of
Invertebrates ', Bangalore, India, 94 pp.

Vidya CV, Lyla KR, Ballal CR, 2014, Evaluation of
anthocorid predators against rice mealmoth, Corcyra
cephalonica Stainton infesting stored rice. p. 147-
148 In: National Svmposium on Emerging trends
in Eco-friendly Insect Pest Management held at
Tamil Nadu Agricultural University, Coimbatore, 22-
24 January, 2014, A. E. Publications, Coimbatore,
454 pp.
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Sidhartha Tungkhang, Baruah AALH. Anjumoni
Devee, Priyakshi Buragohain, Shabrin S, Ahmed,
2014, 1.C, and relative toxicity of certain insecticides
against Lipaphis ervsimi (Kolt.) and its coccinellid
predator Ceoeccinella septempunctate. In:
International conference on Entomology at
Department of Zoology and Environmental
Seience, Punjabi University, Patiala, Punjab on 21-
23 Feb. 2014

GBPUAT-Panthnagar

Arzoo K, Balodi R, Sharma R, 2013, Underutilized
crops: Source of food security. In: National Seminar
on Innovations in Traditional Agriculture, Asian
History Foundation, November 15-16. GBPUAT
Pantnagar.

Bhupesh Chandra Kabadwal. Roopali Sharma,
Rashmi Tewari, J.Kumar. 2013. A Low Cost
Technology under IPM in Vegetable Cultivation in
Uttarakhand. In: National Seminar on Innovations
in Traditional Agriculture, Asian History
Foundation. November 15-16. GBPUAT Pantnagar.

Bisht KS, Tewari AK, Awasthi RP, 2013.
Management of Alternaria blight disease of mustard.
Indian Phytopathological Society (Mid — Eastern
Zone), October 27-28, 2013, 45p.
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Kumar J, Roopali Sharma, Smita Puri, Kahkashan
Arzoo.2013. ldentification of Pseudomonas and
Bacillus isolates using Biolog System. /in: Managing
Plant Microbe Interactions for the Management of
Soil-borne Plant Pathogen, Centre of Advanced
Faculty Training in Plant Pathology, GBPUAT.
Pantnagar, pp. [85-187.

Kumar I, Sharma R, Arzoo K, Kabdwal BC., 2013.
Demonstration and identification of Pseudomonas
spp. using Biolog System. fn: 28" Training Diseases
and Management of Crops under Organic
Production, Centre of Advanced Faculty Training
in Plant Pathology, GBPUAT, Pantnagar, pp. 285-
287.

Sharma R, Saxena D, Balodi R, 2013. Screening/
selection of potential Trichoderma isolates in vitro.
In: Proceedings of the 28" Training Diseases and
Management of Crops under Organic Production
held at the Centre of Advanced Faculty Training in
Plant Pathology, GBPUAT, Pantnagar, pp. 281-284.

Sharma R, Saxena D, Shukla N, Erraya, 2013.
Isolation, identification and quantification of
Trichoderma. In: Training on Diseases and
Management of Crops under Organic Production,
Centre of Advanced Faculty Training in Plant
Pathology, GRPUAT, Pantnagar, pp. 276- 28(0.

Sharma R, Tewari B, Kabdwal BC. 2013, Mass
production and formulation technology of
Trichoderma. In: 28" Training Diseases and
Management of Crops under Organic Froduction,
Centre of Advanced Faculty Training in Plant
Pathology, GBPUAT, Pantnagar, pp. 288-289.

Tewari AK, 2013. Commercial aspect of Biocontrol
agents for the management of plant diseases. In:
Proceedings of the 28" training on “Diseases and
management of crops under organic production™.
Sept. 4-24, 2013, CAFT, Plant Pathology,
GBPUAAT, Pantnagar. pp. 255-257.

Tewari AK, 2013. Evaluation and Selection of

promising Trichoderme isolates for the management
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of soil borne plant pathogens. In: 27" training on
“Managing plant microbe interactions for the
management of soil borne plant pathogens™. Jan.22-
Feb.11, CAFT. Plant Pathology, GBPUA&T,
Pantnagar. pp. 102-105.

KAU-Thrissur
Vidya CV, Lvla KR, Chandish B, 2014. Evaluation

of anthocorid predators against rice meal moth.
Corcyra cephalonica Stainton infesting stored rice.
In: National Symposium on ETEIPM  January,
Tamil Nadu Agricultural University p. 147.

MPKV-Pune

Kharbade SB. Galande SM, Naik RL, Dethe MD,
2013, Persistent toxicity of Organic pesticides against
Mealy bugs, Phenacoccus solenopsis (Tinsley) on
Bt cotton. In:  Indo-Mexica Workshop
“Biotechnology Beyond Borders™ at CSIR-
National Chemical Laboratory, Pune, 7" to 9"
October, 28 pp

Nakat RV, Pokharkar DS, Galande SM, Dhane AS.
Kharbade, Chandele AG, 2013. Development of
Mass Production Technique for Dipha aphidivora
Meyvrick) (Lepidoptera, Pyralidae) on sugarcane
woolly aphid,Ceratovacuna lanigera Zehntner
(Hemiptera, Aphididae) under field conditions. /n:
13" Workshop of 10BC Global Working Group
on Mass Rearing and Quality Assurance”, 6-8"
November 2013, Bangalore, 94 pp.

Nakat RV, Pokharkar DS, Dhane AS, Tambol ND,
Kharbade SB, Chandele AG, 2013. Large scale
production of the parasitoid Acerophagus papavae
Noyes and Schauff (Hymenoptera, Encyrtidae) on
papaya mealybug, Paracoccus marginatus Williams
& Granar de Willink (Hemiptera. Pseucoccidae) in
farmers’ papaya orchards in Maharashtra, India. fn:
13" Workshop of IOBC Global Working Group
on Mass Rearing and Qualitv Assurance”, 6-8"
November, Bangalore,94 pp.

Galande 8, Kharbade MSB, Chandele AG, 2014,
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Population Dynamics of Sugarcane Wooly Aphid,
Ceratovacuna lanigera Zehntner on Sugarcane in
Maharashtra. proceedings of the National Seminar
on Recent Advances and Challenges in Sugarcane
Research held at 13-24 January 2014, Mysore,
Karnataka

Galande SM, Kharbade SB, More SA, Chandele
AG, 2014, Evaluation of New Molecules of
Insecticides against Sugarcane Wooly Aphid,
eratovacuna lanigera Zehntner on  Sugarcane
Crop. In : National Seminar on Recent Advances
and Challenges in Sugarcane Research,13-24
January, Mysore, Karnataka.

PAU-Ludhiana

Joshi N, Virk JS, Singh A, 2013. Management of
root rot by Trichoderma in chickpea under non-
irrigated field conditions of Punjab. In: proceedings
of 54" Annual Conference of Association of
Microbiologist of India (AMI-2013), 17-20
November, Maharshi Dayanand University, Rohtak,
Haravana, 72pp.

Joshi N, Sharma A, Kaur R, 2014, Paecilomyees
Jfumosoroseus an entomopathogenic fungus against
Plutella xylostella Linn. In: International
Conference in Entomology”, Punjabi University,
Patiala . 21-23™ February, 92pp.

Kaur A, Joshi N, Sodhi HS, 2013, Comparison of
Beauveria bassiana formulation on different carrier”
In: 54" Annual Conference of Association of
Microbiologists of India (AMI-2013) 17-20
November, Maharshi Dayanand University, Rohtak,
Harayana 30pp.

Virk IS, Singh R, Kumar V, 2014. Bivefficacy of a
new chemical, chlorantraniliprole (Fertera 0.4%G)
against sugarcane early shoot borer, Chilo
infuscatellus Snellen. P23 1 In: National Seminar
on " Reorientation of Agricultural Research to
Ensure National Food Securitv”™ at CCS, Haryana
Agricultural University, 6-7 January, Hisar.
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TNAU Coimbatore

Boopathi T, Karuppuchamy F, Kalyanasundaram M,
Mohankumar S, Ravi M, 2014. Entomopathogenic
fungi as potential biocontrol agents of invasive spiralling
whitefly. Alerrodicus disperses Russel (Homoptera:
Aleyrodidae) on eggplant Solanum melongena L.
p. 183-186 In : National Symposium on Emerging
Trends in Eco-friendly IPM, TNAU, January 22-
24, Coimbatore.

Boopathi T, Karuppuchamy P, Kalvanasundaram M,
Mohankumar S, Ravi M, 2014. Evaluation of
Biointensive Pest Management (BIPM) module
against exotic spiralling whitefly, Aleurodicus
disperses Russel (Homoptera: Aleyrodidae) on
Cassava. p. 198-199 In : National Svmposium on
Emerging Trends in Eco-friendly IPM, TNAU. 22-
24 January, Coimbatore.

Samiayvan K, Sudha V. Radhakrishnan V,
Karuppuchamy P, Jonathan EI. 2012, Spider
diversity in different short duration food legume eco
systems of Tamil Nadu.p.275 In: International
Symiposivwum of Bio pesticides and Ecotoxicological
Network (ISBIOPEN). 24-26 September,
Bangkok, Thailand.

YSPUHF-Solan

Chauhan Usha, Sharma PL., 2013. Evaluation of eco-
friendly methods of pest management under IPM
package against aphid and cabbage buttertly in India™.
In: “Asia- Pacific Regional Symposium on
Entrepreneurship and Innovation in Oreanic
Farming”, 2- 4 Dec, Bangkok.

UAS Raichur

Hosamani AC, Rajesh Chowdary. Mahadev Reddy,
Bheemanna M, Vijaykumar Ghante, 2013, Incidence
of beet armyworm, Spodoptera litura (Hub.) on
four different host crops in North Karnataka. p. 85
In: International conference on insect science, I4-
17 Feb, Bangalore,

NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS Ilm



AnnuUAL ReporT 2013-14

Vijaykumar Ghante. Rajesh Chowdary, Bheemanna
M. Hosamani A C. Ranjith Kumar, 2013.
Management of insect induced reddening in Bt cotton
hybrids through integrated approach In:
International conference on insect science, I14-17
Feb, Bangalore.

Hosamani AC, Rajesh Chowdary. Vijavkumar
Ghante, Mantesh Kapsi, Jayashree. Bheemanna M
. 2013. Recent advances in integrated pest
management in seed production of vegetable crops.
p.139-146 In: Winter school on Advances in seed
production processing and quality assurance.

UAS, Raichur

Hosamani AC, Bheemanna M, Ashoka J, Narayan
Rao K, Sunil Kumar NM. Rajesh Chowdary, 2014,
Evaluation of various substrates for vermicompost
production and analysis of major macro and micro
nutrients. p.83-84 In : Regional science conference
on “Science and rechnology for harnessing
natural  resources sustainable
development, Raichur.

Kisan B, Manu D G, Shekar Patil S, Arunkumar
Hosamani, Ayyangoud Patil, Diwan ] R, Lokesha
R. Nidagundi JP, Janagoudar BS, Shankargoud 1,
Patil BV, 2014. Molecular breeding of palak for
increased omega-3 by EMS induced mutation, p.89
In : Regional science conference on “Science and
technology for harnessing natural resources
towards sustainable development, Raichur,

Forwitrels

Jamuna B, Bheemanna M, Hosamani AC,
Govindappa MR, Sushila Nadgouda, Naveena R,
2014, Incidence of whitefly. Bemisia tabaci
(Gennandius) in tomato ecosystem. p.133 fn :
Regional science conference on “Science and
technology for harnessing natural resources
towards sustainable development, Raichur.

Ghante VN, Chowdary Rajesh, Hosamani AC,
Bheemanna M. 2014. Reddening in cotton-one name
many causes.p. 135 In : Regional science conference
on “Science and technology for harnessing
narural towards sustainable
developntent, Raichur.

Fresaources

Kalavathi KK, Naveena R, Hosamani AC, Krishna
Japur, 2014. Incidence of thrips on irrigated chilli
ecosystem.p.139 In : Regional science conference
aon “Science and technology for harnessing
natural towards sustainable
development, Raichur,

reyonrces

Jamuna B, Bheemanna M, Hosamani AC,
Govindappa MR, Timmanna, Shwetha Surpur, Latha

HC, Vanitha BK, 2014.p.144-145 In : Regional
science conference on “Science and technology

for harnessing natural resources towards

sustainable development, Raichur.
ITHR-Bangalore

Gaga Visalakshy PN, Swathi C, Darshana CN,
2013. Eco- friendly management of tea mosquito bug
Helapeltis antonii on horticultural crops — possible
alternatives, fn: International Conference on Plant
Biochemistry, Biotechnology on Food and
Nutritional Securiry and X1 Convention of Indian
Saciery of Agriculture Biochemisis, 11-14 Dec,Sri
Venkateswara University, Tirupati

Ganga Visalakshy PN, Krishnamoorthy A, Pillai GK.
2013, Standardization of mass rearing methods for
Spalguis epeus (Westwood) (Lepidoptera:
Lycaenidae) with special reference to oviposition
under confined conditions. fn: 13" 10BC- MROA
International workshop on Mass Production and
Quality Assurance of Invertebrates, Bangalore,
India, 94pp.

Pilla1 GK., Ganga Visalakshy PN, Knshnamoorthy
A, Mani M, 2013. Mass Production of the
indigenous parasitoid, Encarsia transvena
(Hymenoptera: Aphelinidae) in greenhouses for
biological control of the whitefly Bemisia tabaci
(Hemiptera: Aleyrodidae). In : 13" IOBC- MROA
International workshop on Mass Production and
Quality Assurance of Invertebrates, Bangalore,
India.9dpp.

Pillai GK., Ganga Visalakshy PN, Krishnamoorthy
A, Mani M, 2013. Potential entomopathogenic fungi
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for the management of the whitefly Bemisia tabaci
{(Hemiptera: Aleyrodidae) on gerbera (Gerbera
Jamesonii) in greenhouses in India. p.66 In: 4
Biopesticide International Conference,
Palayamkottai. India.

Gangavisalakshy PN, Deepa H, Darshana CN,
Swathi C. Krishnamoorthy A, 2013. Pollinators
activity in mango in relation to management of mango
inflorescence hoppers Idioscopus spp. In 10"
National Symposium on Soil biology and ecolagy,
19"-21%, December, GKVK, Bangalore.

Ganga Visalakshy PN, Darshana CN, Swathi C,
Krishnamoorthy A, 2014, Efficacy of formulations
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of Metarhizium anisopliae for the control of mango
inflorescence hopper. In: National symposia on
Emerging Trends in Eco-friendly Pest
Management, Centre for Plant Protection Studies
Tamil Nadu Agricultural University, 22-24 January,
Coimbatore.

Gangavisalakshy PN, Darshana CN, Swathi C,
Krishnamoorthy A, 2013. Efficacy of
entomopathogen Beauveria bassiana against
Helopeltis antonii; to develop a biological control
method. fn: National symposia on Emerging Trends
in Eco-friendly Pest Management, Centre for
Plant Protection Studies Tamil Nadu Agricultural
University, 22-24 January, Coimbatore.
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MEETINGS AND DECISIONS

Institute Research Council

The Institute Research Council meeting of the NBAIL
Bangalore was held from 9-10" May, 2013 and 4™
June 2013, under the Chairmanship of Dr. Abraham
Verghese, Director, NBAIIL Bangalore. All the
projects were discussed and the following
recommendations made.

l. Gap identification and prioritisation of
biodiversity of Agriculturally Important Insects
(AL},

2. The work on biadiversity and conservation of
All to be intensified: suttable diversity indices
and species richness to be retlected.

3. All coordinating centres must be contacted for
sending insect specimens to NBAIILL

4. Explore possibility to obtain specimens of
spiders collected by Dr. Patel (Anand).

5. Proper proforma for submission of voucher
specimens to be made. Time for identification
of specimens to be indicated by the taxonomy
unit. Consulting fees for identification services
may be charged:; this may be discussed in
ITMU.

6. A note to be given for design and other facilities
required for the museum at NBAII by the
Systematics Division.

7. The commercial potential of yeasts identified
as symbionts to be explored.

8. All taxonomists to give one set of insects
collected to the Division of Molecular
Entomology for barcoding. Common insects
may be given to the Scientist-in-charge, farm
for display.

9. All scientists who have projects with barcode
objective to be included in two newly approved

projects on barcoding as Co-Pls after date of
approval, f.e., June 2013 and objectives in their
respective projects to be deleted. The portion
of the work in existing projects to be carried
out by respective scientists in these two new
projects ( Ankita Gupta, Prashanth Mohanraj.
K. Veenakumari. Chandish R. Ballal, M.
Nagesh, M. Mohan).

10.  All data should be subjected to proper statistical
analysis. Help of ARIS cell to be taken.

Research Advisory Committee

The 18" meeting of the Research Advisory
Committee (RAC) was held on 1* March 2014 at
NBAIL Bangalore. The meeting was chaired by
Dr.C. A Viraktamath and attended by the members
Dr.P.K.Chakrabarty., Dr.Balwinder Singh,
Dr. M. Venkat Rajam, Dr.K.P.Jayanth,
Shri N.G. Lakshminarayan, Dr.Abraham Verghese
and Dr.5.K. Jalali (Member —Secretary). The Heads
of the three Divisions presented the salient
achievements made in the various research projects
during 2013 —2014.The Chairman and members of
the RAC were appreciative of the progress made in
the research projects. The recommendations are
detailed below.

RAC Recommendations

1. NBAII should have a scanning electron
microscope (SEM) and ICAR may be
approached for a special additional provision

for this in the X11 plan EFC.

2. Efforts may be made to have an inventory of
potential invasives and availability of natural
enemies in view of the responsibility given to
NBAII for import and export of natural enemies.

3. As considerable effort has been made to
develop excellent products for entomofungal
organisms like Metarhizium anisopliae and
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10.

11.

12.

Lecanicillium lecanii, NBAII should approach
DBT for funds to generate toxicological data,
which will enable commercialization of these
products,

NBAII should come out with pictorial field
guides besides brochures on mass production
of natural enemies,.

NBAII should develop collaborative linkages
for work on GM crops and other transformation
work particularly in the light of research being
carried out at NBAII on identification of
insecticide resistance and bacterial toxin genes
as well as endosymbionts of insects.

One scientist specialized in biotechnology may
be posted at NBAII to take forward the
advances being made in molecular
entomological work.

Information system to be updated on a daily
basis. which should also include information on
INVASIVES,

NBAII should serve as a hub for monitoring
the import/export of insects.

Scientists trained abroad in specialized fields
may be allowed to continue their work on the
same lines on which they undergo training
{within the mandate of NBAII) so that the time
and money spent for foreign training is not
wasted.

Royalty for commercialisation of EPNs and
other technologies may be enhanced 1o at least
3%.

The repository of NBAII should be modernised
to conform to international standards in view of
it being designated a National Repository by the
MNational Biodiversity Authority with designated
scientists as Museum Keeper and Museum
Curators.

Type specimens of species described by NBAIL

13,

14.

15.

16,

17.

18,

19.

20.

b
Ll
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scientists should be deposited in the central
repository of NBAII at one place.

Mealybugs affecting avenue trees and their
natural enemies may be identified to help their
management.

Hlustrated field guides may be prepared for
agriculturally important insects.

Work should be intensified to find out threshold
levels for phytoplasma transmission through

gPCR.

Work on management of chilli anthracnose at
present restricted to South India should be
extended to other chilli-growing areas in the rest
of India such as Rajasthan, Punjab and Gujarat
through AICRP-BC.

Work on biological control of stink bug of litchi
may be taken up on a priority basis.

Technology for biocontrol in protected cultivation
may be worked out.

Diversity of Bt toxin gene repository to be
maintained with NBAII identity. Protocols to be
devised to develop formulations containing new
toxin genes for field evaluation.

PCR conditions may be changed to study the
degenerative processes of the toxin genes.

. Todevelop molecular signatures for all promising

strains identified / developed / commercialized
including stress resilient strains and isolates of
fungal bionematicides.

. Work on DN A barcoding to be intensified with

a view to catch up with world scenario.

. Studies on role of microflora/ symbionts in host

manipulation. strain variation, detoxifying
enzymes, development of biotypes and
insecticide resistance through aposymbionts may
be intensitied.
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PARTICIPATION OF SCIENTISTS IN CONFERENCES, MEETINGS,
WORKSHOPS, SYMPOSIA IN INDIA AND ABROAD

Symposia/Conferences/Seminars/Workshops attended

Abraham Verghese

Acarology session during the X V11 Group Meeting of All India Network Project on White grubs and other
Soil Arthropods held on July 11-12, 2013 at Rajasthan Agricultural Research Institute, Durgapur, Jaipur
Annual Conference of Vice chancellors of Agricultural Universities and ICAR Directors held at Baramati
and Pune, Maharashtra from 19" to 21% January, 2014,

Annual Group Meeting of AICRP on Cashew held from 6 to 7" January, 2014 at Bidhan Chandra
Krishi¥iswaVidyalaya, Kalyani, West Bengal.

Brainstorming session on Cassava Mosaic Disease and its Management st CTCRI, Trivandrum on 18
May, 2013.

Executive Development Programme on Leadership Development held from 25™ o 29° June, 2013 at
NAARM, Hyderabad.

Interactive Workshop on Administrative and Financial matters for the ICAR institutes located in Southern
Region held at NAARM, Hyderabad from 9 to 10" December, 2013,

International Conference on Biodiversity. Bio-resources and Biotechnology held on 30" January, 2014 at
Mysore.

Meeting on repeat study on assessment of post harvest losses of major horticultural crops, Animal and
Fishery Products in Indiaat NASC complex. New Delhi on 29" August, 2013,

National Workshop on Problems and prospect of seed potato production system in India on 20th September
and Group Meeting of AICRP Potato held on 21* Sep.. 2013 at Central Potato Research Station, Patna.
MNational Conference on Biodiversity Conservation and Sustainable Management held at Kuvempu
University, Shankaraghatta, Shimoga District on 25" March, 2014,

National level symposium on Emerging Trends in Eco-friendly Insect Pest Management held at TNAU
Coimbatore on 24" Jan, 2014.

National Symposium on Recent Advances in Beneficial Insects at IINRG, Ranchi on 27" Nov.,, 2013.
National Consultation Meeting on JTackfruit jointly organized by ICAR and Kerala Agricultural University
at Banana Research Station, on 1* June, 2013, Kannara, Kerala

National Citrus Meet held at NRC for Citrus on 12" August, 2013, Nagpur.

Participated in the Annual Group Meeting of All India Coordinated Research Project on Palms at Indira
Gandhi KrishiVishwavidvalaya, Krishi Nagar, Raipur on 23™ and 24" July, 2013,
Workshop-cum-demonstration and Brainstorming Session on Bioremediation and Biocontrol Technologies

for Weed Management organized by the Punjab State Council for Science and Technology, Chandigarh
from 27" to 28" March, 2014.

Deepa Bhagat

Institute Management Committee Meeting of the National Centre for Integrated Pest Management, Pusa
campus, 24" October, 2013, New Delhi.

Scientific meeting on "Nanotechnology in Agriculture -2013™ at the Centre for Nano Science and
Engineering, 11S¢, Bangalore 25" September 2013.1EEE workshop on  Nanotechnology & Sensors at
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CeNSE, 115¢, Bangalore from 19— 21 September. 2013.Brain storming session on “Prioritizing research
areas on MNano-Bio-Information technology for development of North-Western Himalayan states &
strengthening efforts in frontier sciences and practicing Hi-tech Research™ from 12 -13" July, 2013 at
Department of Molecular Biology & Genetic Engineering. CBSH. GB.PU.A & T., Pantnagar. Brain storming
session on “Nanotechnology in Agriculture! Scope and its Current Relevance” on 23™ April. 2013 at
NAAS Complex, New Delhi.

Chandish R. Ballal

Fruit Growers® Meet — Growers' Researchers’ interface meet at Attur Farm, NBAII on 22* October,
2013, KVK National Conference at UAS, GKVEK, Bangalore on 23" October, 2013 and gave a lead
presentation. National Business Meet on Plant Protection in protected cultivation of vegetables and flowers
at Movenpick, Bangalore — 6" and 7" March, 2014.

K.S.Murthy

MNAIP Consuliation Meeting on December 19, 2013at Natienal Institute of Animal Nutrition and Physiology,
Bangalore. 5" Consortinm Advisory Committee Meeting of NAIP project on 8" November 2013 at NBAILL

M.Nagesh

Workshop on “Strategic areas for research collaborations in the area of biological control, product develop.
and technology transfer for pest management”™, organized by DOR, Hyderabad, July, 26-27, 2013,

Chandish R Ballal, T. Venkatesan, R. Rangeshwaran. K. Srinivasamurthy, G. Sivakumar,
Abraham Verghese, Y.Lalitha Jagadeesh Patil, B.Ramanujam, A.N.Shylesha, Ankita Gupta
Chandrikamohan (CPCRI), P.N.Gangavisalakshy (IIHR). R. V. NakatiMPKV)

Workshop of the IOBC Global Working Group on Mass rearing and Quality Assurance. Emerging
opportunities for the Mass Production & Quality Assurance of Invertebrates. November. 6-8"
2013.Movenpick Hotel & Spa. Bangalore.

Chandish R. Ballal, Prashanth Mohanraj, T. Venkatesan, R. Rangeshwaran, K. Srinivasamurthy,
G. Sivakumar, Abraham Verghese. Jagadeesh Patil, B.Ramanujam, A.N.Shylesha, M.Nagesh

NBAII- Industry Meet on 7" Dec,2013, at Bengaluru

S5.K. Jalali, T. Venkatesan, G. Sivakumar, Abraham Verghese

Field day and Famers meet” on the success stories of stress tolerant biocontrol agents (under NAIP
project) on 22" February 2014

All scientists

XXII Biocontrol Workers” Group Meeting of the AICRP on Biological Control of Crop Pests, Discases
and Weeds™ organised by NBAII at the Yelahanka Campus, Bangalore, 24-25 May 2013.

P. Sreerama Kumar

National Symposium on Pathogenomics for Diagnosis and Management of Plant Diseases, 24-25" October,
2013. Central Tuber Crops Research Institute, Thiruvananthapuram, Workshop-cum-Demonstration &
Brainstorming Session on Biointerventions; Focus- Bioremediation and Biocontrol Technologies for Weed
Management”, Organised by Punjab State Council for Science & Technology and Punjab Agricultural
University, Hotel Chandigarh Beckons, Chandigarh. 27 March 2014

M Pratheepa

Attended training on CLC Bio software (Phase-I) attended at IASRI, New Delhi during 26-30 August,
2013. Attended HPC administration training at NBFGR.Lucknow during 28-30 October, 2013.
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B.Ramanujam

MNational Business Meet on Plant Protection in Protected Cultivation of Vegetables and Flowers organized
by [THR, Bangalore on 6-7, March, 2014 and presented a invited talk on Biocontrol methods of management
of diseases in protected cultivation,

R. Rangeshwaran
National meeting on Microbial Culture Collection, NBAIM, Mau, 10-12-13,

T.M. Shivalingaswamy
Advisory Council Meeting of the NBAFARA project at Bareilly 17 July 2013

T.Venkatesan

Meeting on  Operational Research Project (ORP) on sucking insects at [IHR, Hessaraghatta, Bangalore
on 24ih August 2013.CAC meeting on “NAIP Workshop under component 4 project “Effect of Abiotic
stresses on the Natural Enemies of Crop Pests; Trichogramma, Chrysoperla, Trichoderma &
Psendomoenas & mechanism of tolerance to these stresses™ at NBAIL, Bangalore on 5th Nov. 2013,

S.J.Rahman (ANGRAU)

International Trade Fair and Directional Programme on Agriculture at HYTEX, Madhapur from 25-28,
April. 2013

P.N.Gangavisalakshy (ITHR)

International Conference on Plant Biochemistry, Biotechnology on Food and Nutritional Security and X11
Convention of Indian Society of Agriculture Biochemists (Dec 11-14, 2013). SVU. Tirupati

C.V. Vidya (KAU), M, Kalyanasundaram (TNAU)

National symposium on Emerging Trends in Eco-friendly Insect Pest Management held on 22* 1o 24%
January, 2014 at Tamil Nadu Agricaltural University. Coimbatore.

Neelam Joshi (PAU)
International Conference in Entomology at Punjabi University, Patiala from 21-23" February 2014

Dr Usha Chanhan{YSPUHF)

Asia Pacific Regional Symposiom on “Entreprencurship and Innovation in Organic farming.” at
Bangkok,Thailand w.e.f.2™ to 4" December,2013

Overseas training

M Nagesh, Principal Scientist

NAIP-National Agricultural Bioinformatics Grid overseas HRD and capacity building in Bioinformatics.
genomics, transeriptomics, from NBAI Domain for 3 months during September through November 2013,
Genomics and Biotechnology Lab., Dept of Horticulture, Washington State University, Pullman, USA.

M Mohan

NAIP Open International Training on Biomolecules (Crop Science) from Sept. 18, - Dec. 16, 2013 under
Department of Entomology. College of Agriculture, University of Kentucky, Lexington, USA.

Mahesh S Yandigeri

NAIP Opened International Training on Microbial Taxonomy from September 18 to December 16, 2013 at
University of California Riverside and Agricultural Research Service, United States Department of
Agriculture, Riverside, California. USA on the research topic Metagenome of “Wolbachia® endosymbiont
associated with tomato psyllid vsing BAC Libraries.
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INSTITUTE TRAINING PROGRAMMES

SI No.| Programme Course Coordinator | Duration

| Development of DNA barcode of coconut T. Venkatesan 29.03.2013 10
lacebug Stephanitis tvpicus and 06.04.2013
Proufista moesta

2 Mass production and quality control of R. Rangeshwaran 18.06.2013
Trichoderma and Pseudomonas

3 Mass production of biocontrol agents for the C. R. Ballal 22.08.2013 10
management of insect pests for Officers of 23.08.2013
Karnataka Department of Horticulture

4 Detection and measurement of insecticide M. Mohan 02.09.2013 to
resistance including molecular 11.09.2013
aspects in insect pests 23.08.2013

3 DNA isolation and PCR techniques T. Venkatesan 07.092013 o

13.09.2013
f DNA barcoding 5. K. Jalali 21112013 to
23.11.2013

7 Rearing of biocontrol agents for NIPHM C. R. Ballal 21.11.2013 to
Scientist 23.11.2013

8 Eco-friendly management of white grubs and M. MNagesh 06.12.2013 to
other soil arthropods using entomopathogenic 13.12.2013
nematades

g, Mass production of biocontrol agents for the C. R. Ballal 28.01.2014 10
management of insect pestsfor Officers af 20.01.2014
Karnataka Department of Horticulture

10 “Bioinformatics: In Vitre to In Silico M. Nagesh and 18.11.2013 to
Approaches in Entomology™ under the M. Pratheepa 30.11.2013
NAIP-NABG project was imparted
to scientists of ICAR & State Agricultural
Universities
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DisTINGUISHED VISITORS

NBAII

1.

I

9.

10.
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Dr. K. Bolckmans, Koppert Biological Systems.
The Netherlands visited the NBAII and
interacted with the scientists on 08.11.2013

Dr. C. Caceres, International Atomic Energy
Agency, Vienna, Austria visited the NBAIl and
interacted with the scientists on (08.11.2013

Dr. P. De Clercqg, Department of Crop
Protection. Ghent University, Ghent, Belgium
visited the NBAII and interacted with the
scientists on O08.11.2013

Dr. C.J. Geden. USDA, ARS, Gainesville.
Florda, USA visited the NBAI and interacted
with the scientists on 08.11.2013

Dr.R.Gnaneswaran. Department of Zoology.
University of Jaffna, Sri Lanka visited the NBAII
and interacted with the scientists on 08.11.2013

Dr. T.Groot, Koppert Biological Systems, The
Netherlands visited the NBAII and interacted
with the scientists on 08.11.2013

Dr.J Klapwijk, Koppert Biological Systems,
The Netherlands visited the NBAII and
interacted with the scientists on 08.11.2013

Dr. M. Manduchi, Bioplanet 5.C_ A, R&D, Ttaly
visited the NBAII and interacted with the
scientists on 08.11.2013

Dr.P.Maneesakorn, Plant Protection Research
and Development Office, Department of
Agriculture, Bangkok, Thailand visited the
NBAII and interacted with the scientists on
08.11.2013

Dr. A Pekas, R&D Senior Scientist, Biobest
Belgium NV, Westerlo. Belgium visited the
NBAII and interacted with the scientists on
08.11.2013

1.

13.

17.

18.

19.

20.

Dr. M. Prishanthini, Department of Zoology.
Eastern University, Sri Lanka visited the NBAII
and interacted with the scientists on 08.11.2013

. Dr.5. Steinberg. BioBee Sde Eliyahu Ltd..

R&D, Israel visited the NBAII and interacted
with the scientists on 08.11.2013

Dr.R. Timmer, Radbout, Koppert Biological
Systems, The Netherlands visited the NBAITI
and interacted with the scientists on 08.11.2013

. Dr. L. Van den Driesche, R&D Senior Scientist,

Biobest Belgium NV, Westerlo, Belgium visited
the NBAITI and interacted with the scientists on
08.11.2013

. Dr.M. Vinobaba. Department otZoology,

Eastern University, S Lanka visited the NBAII
and interacted with the scientists on 08.11.2013

. Dr.A Winotai, Plant Protection Research and

Development Office, Department of A griculture,
Bangkok Thailand visited the NBAII and
interacted with the scientists on 08.11.2013

Dr-R.5.Paroda, Former Secretary, DARE and
DG(ICAR) chaired a meeting of the National
Advisory Board for the Management of Genetic
Resources and visited the laboratories on 10-
11, October, 2013

Dr.5. Ayyappan, Secretary, DARE and DG
(ICAR) inaugurated the *Pollinator Garden’ at
the Yelahanka campus on 22.10.2013

DrN.K. Krishnakumar, DDG(Horticulture)
visited the ‘Pollinator Garden’ and the
laboratories at Yelahanka on 22.10.2013

Dr.Swapan Kumar Datta, DDG{Crop Science)
inaugurated the *Centre for Insect Bioinformatics
(A High Performance Computing Facility)' on
23.10.2013
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21. Dr.C.Chattopadhyay, Director, NCIPM, New
Delhi visited the laboratories and farm at
Yelahanka on 19.03.2014

22, Dr.M.S.Ladaniya, Director, NRC for Citrus,
Nagpur visited the laboratories at Hebbal and
Yelahanka on 19.03.2014

23. Dr.PK.Chakrabarty, ADG (PP), ICAR, New
Delhi inaugurated the ‘Insectarium’ and
participated as a Member of the XVIII RAC
meeting of the Bureau on 01.03.2014

24, Dr.C.A.Viraktamath, Chairman, RAC of this

Bureau and Former Professor, Division of

Entomology, UAS, Bangalore chaired the XVIII
meeting of the Research Advisory Committge
on 01.03.2014

25. Dr.Balwinder Singh, Professor and Head,
Department of Entomology, PAU, Ludhiana
visited the laboratories on 01.03.2014

AICRP Centres
AAU, Anand

l.  Dr. B. Ramanujam, Principal Scientist, NBAII,
Bangalore visited on 17-19 Jan. 2014

AALU, Jorhat

l. Dr. N. Bakthavastalam, Principal Scientist,
NBAIL Bangalore visited on 28-04-2013.

[ o]

Director of Research AAU, Jorhat visited

Biological control laboratory, Department of

Entomology. AAU, Jorhat on 12"July , 2013.

3. A group of students (28 nos) from Kokrajhar
Govt. College trom Department of Zoology
visited the biological control laboratory on
20.8.2013.

4. A group of farmers (65 Nos) from Golaghat
district visited the laboratory on 03,11.2013.

5. Ateam of Probationary officers (32 nos) from
Tea Board visited the biological control

AnNuAL Report 2013-14

laboratory on 10.11.2013.

6. Research Monitoring Team, AAU, Jorhat visited
hiological control laboratory on 21.02,2014

ANGRAU, Hyderabad

1. Dr. G.S. Dhillon, Vice Chancellor, PAU,
Ludhiana visited on 25.10.2013 for active
collaboration between ANGRALU Centre and
PAU for commercialization of Technologies.

2. Dr. Abraham Verghese. Director, NBAII,
Bangalore visited on 20.3.2014 for reviewing
the progress of work; he also visited the
experimental plots at ARS, Tandur (Rangareddy
Dist.), A.P.

GBPUAT, Pantnagar

l.  Dr.B. Ramanujam, Principal Scientist, NBAII,
Bangalore visited on 17-19 January, 2014,

MPRKY, Pune

1.  Dr. Mohamed Saeed Alkhalila, AAU, Sudan
visited the laboaratory on 01.4.2013 and
discussed mass culturing of bioagents and other
activities of the Biocontrol Laboratory.

2, Dr.(Ms.) Chandish Ballal, Principal Scientist,
Head, Division of Ecology, NBAIIL Bangalore
visited the laboratory on 18.4.2013 and
observed the mass culturing of bioagents and
host insects and assessed the progress of
research.

3. Dr. P.P. Dhar, Professor (Agril. Entomology),
BCKVV, Nadia (W.B.) visited the Biocontrol
Laboratory on 26.4.2013 and discussed aspects
of the mass production of bioagents and
entomofungal pathogens as well as other
research activities.

4. Dr. B.R. Kawathekar, Retd. Professor (Agril.
Entomology). MAU, Parbhani visited the
Biocontrol Laboratory on 15.05.2013.

5. Dr.Anand Narangalkar, Head, Dept. of

NATIONAL BUREAU OF AGRICULTURALLY IMPORTANT INSECTS Ilm



AnnuUAL ReporT 2013-14

10.

13.
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Entomology, Dr. B. S. K. K. V., Dapoli visited
the Biocontrol Laoratory on 20-21 July, 2013,

Dr. U. M. Waghmare, Head, Dept. of
Entomology. M. K. V., Parbhani visited the
Biocontrol Laboratory on 3.08.201 3.

Dr. R. 5. Pandit, Department of Zoology,
University of Pune along with 15M.5c¢. students
visited this laboratory on 05.08.2013 for
observing work on the mass production of
bioagents.

Dr. Kusumkar Sharma, ADG (HRD) ICAR,
New Delhi visited the Biocontrol Laboratory on
14" September, 2013 and observed the
research activities of the Centre.

Prof. M. M. Anwar, Former Director, N.R.C.
on Seed Spices and Prof. of Research
Management, NARAM, Hyderabad visited the
Biocontrol Laboratory on 10" October, 2013
and observed the research activities of the
Centre,

Dr. G. Subbaiah, Associate Dean, College of
Agriculture, Bapatla (A.P.) reviewed the
bioagent production activity in this laboratory
on 08.11.2013.

Dr. P. Rajendra Prasad, Professor and Head,
Department of Entomology, 8. V. Agriculture
College. Tirupathi (A.P.) visited the Biocontrol
Laboratory on 08.11.2013 and reviewed the
work on production of bioagents and their use
in IPM of various crops.

Prof. R. Subhash Reddy. Agriculture
Microbiology. ANGRAU, Rajendranagar,
Hyderabad visited the Biocontrol Laboratory
and discussed the use of bioagents in IPM
programmes on 08.11.2013.

Dr. Abraham Verghese, Project Coordinator and
Director. NBAIL Bangalore visited the
Biocontrol Laboratory on 13 - 14 November,
2013 and reviewed the progress of research

14.

17.

18.

21.

""fﬂ \'IL'*

work assigned to the centre for the year 2013-
14. He along with staff of the project visited the
experimental plot as well as the papaya orchards
surrounding Pune for observing the PMB
infestation and its natural enemies.

Shri. P. A. Sathe, Regional Deputy Director
(Sugar), Pune visited the Biocontrol Laboratory
on 13.11.2013 and reviewed the use of
bioagents in IPM on sugarcane.

. Mr. Alex Taa. Koppert Biological Systems, India

visited the Biocontrol Laboratory on
200.11.2013 and exchanged information on role
of bioagents in IPM of various crops.

Dr. Ram Niwas, Professor and Head,
Department of Meteorology, CCS, HAU,
Hissar visited the Biocontrol Laboratory on
06.12.2013.

Mr.Uday Narayan Bhat, Koppert Biological
Systems, India visited the Biocontrol Laboratory
on 13.12.2013 and had discussions on the
collaborative trials in polyhouse crops, A. C.
Pune.

S.Permalloo, Divisional Scientific Officer,
Entomology Division, Ministry of Agro-Industry
and Food Security, Reduit, Mauritius visited the
Biocontrol Laboratory and discussed the use
of bioagents in IPM programmes with special
emphasis on the control of the papaya mealy
bug in Mauritius with the staff of this centre on
19.12.2013.

. Dr. G Prasad Rao, Dean (Retd.), KAU visited

the Biocontrol Laboratory and discussed the use
of bicagents in IPM programmes on
23.12.2013.

Dr. H.R. Sardana, Principal Scientist, NCIPM,
Pusa, New Delhi visited the Biocontrol
Laboratory on 09.01.2014.

Shri. Shivaji Chamkire and Shri. K.D. Lambe,
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Influx AgroTech Pvt. Ltd.. Pune visited the
Biocontrol Laboratory on 10.01.2014.

KAU, Thrissur

L.

Dr. N.K. Krishnakumar, Deputy Director
General (Hort.), ICAR, New Delhi visited the
scheme on 13.03.2014.

Dr. Abraham Verghese, Director, NBAII,
Bangalore visited the scheme on 01.06.2013
and 06.032014.

Dr. Chandish Ballal, Principal Scientist & Head,
Division of Ecology, NBAII visited the scheme
on 12.11.2013.

Dr. K. Prathapan, Director, State Horticulture
Mission. Kerala visited the scheme on 30,12,
2013.

PAU, Ludhiana

].r

b2

A delegation from the University of Faisalabad,
Pakistan visited the laboratory on 30 November,
2013.

Students of the B. Sc. (Agri.) degree programme
from the Baba Farid College, Bathinda, visited
the laboratory on March 30, 2013,

Dr. T. Venkatesan, Principal Scentist, NBAII,
visited the laboratory from 29-30 September,
2013,

OUAT, Bhubaneswar

L.

Dr. PrashantMohanraj, Principal Scientist,
NBAIL, Bangalore visited the Biocontrol
Laboratory from 19-21 November 2013.

Dr. Abraham Verghese, Director, NBAIIL,

AnNuAL Report 2013-14

Bangalore reviewed the work done under the
AICRP on Biocontrol from 3-4 December,
2013.

TNAU, Coimbatore

L

=

Dr. T.P. Rajendran, ADG (PP), ICAR, New
Delhi visited Biocontrol Laboratory of the
Department on 20.06.2013.

Dr.N.K.Krishnakumar, DDG (Hort.), ICAR,
MNew Delhi visited on 22.01.2014 to inaugurate
the National Symposium on “Emerging Trends
in Eco-friendly IPM™ on January 22, 2014,

Dr.Abraham Verghese. Director, NBAII,
Bengaluru visited the Biocontrol, Biosystematics,
Pheromone and Toxicology laboratories of the
Department on 24.01.2014. He presented a lead
paper at the National Symposium on “Emerging
Trends in Eco-friendly IPM" conducted from
22-24 January, 2014,

Dr. 1. Poorani, Pricipal Scientist. NBAIL
Bangalore visited the Department on
22.01.2014 and presented a lead paperat the
Mational Symposium on “Emerging Trends in
Eco-friendly IPM™

Dr.5.Chelliah, Former Director, TRRI and
Director of Research, TNAU visited on
27.1.2014 o deliver amotivation lecture to staft
and students.

Dr-S.Sithanantham, Director, SABRC visited the
Department at frequent intervals to discuss
collaborative projects in biological control.

Dr. Stephen Samuel. Entomologist, Regional
Cotfee Research Station, Thandigudi visited the
Department on 3.3.2014,
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PERSONNEL
S5LNo.| Name Designation
1. Dr. Abraham Verghese Director
2 Dr. Prashanth Mohanraj Principal Scientist {Agri. Ento.)
3. Dr. (Ms.) Chandish R. Ballal Principal Scientist (Agri. Ento.)
4 Dr. N. Bakthavatsalam Principal Scientist (Agri. Ento.)
3. Dr. B. Ramanujam Principal Scientist (Plam Pathology)
0. Dr. (Ms.) K. Veena Kumari Principal Scientist (Agri. Ento.)
7. Dr. {Ms.) 1. Poorani Principal Scientist {Agri. Ento.)
8. Dr. M. Nagesh Principal Scientist (Nematology)
9, Dr. A. N. Shylesha Principal Scientist (Agri. Ento.)
10. Dr. 8. K. Jalali Principal Scientist (Agri. Ento.)
11. Dr. T. Venkatesan Principal Scientist (Agni. Ento.}
12, Dr. P. Sreerama Kumar Principal Scientist (Plant Pathology)
13 Dr. K. Srinivasa Murthy Principal Scientist (Agri. Ento.)
14 Dr. 'T. M. Shivalingaswamy Principal Scientist (Agri. Ento.)
15, Dr. Sunil Joshi Principal Scientist {Agri. Ento.)
16. Dr. R. Rangeshwaran Principal Scientist (Agri. Microbiology)
17. Dr. Gi. Siva Kumar Senior Scientist (Microbiology)
18. Dr. Mahesh Yandigeri Senior Scientist (Microbiology)
19 Dr. M. Mohan Senior Scientist (Agri. Ento.)
20, Ms. M. Pratheepa Scientist 85 (Computer Application)
21 Dr. (Ms.) Deepa Bhagat Scientist S5 (Organic Chemistry)
22 Dr. Gandhi Gracy Scientist (Agri. Ento.