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PREFACE

The Project Directorate of Biological Control, since its inception in 1993, has made rapid strides in
basic research on different aspects of biclogical control forming the base for fechnologies in Biointensive
Infegrated Pest Management. It has a netwerk of 16 crop-oriented field centres in different state
agricultural universities and ICAR Institutes. The achievements made in this specialised field include
infroduction of potential natural enemies for managing exofic pesis, development and standardisation
of improved breeding and mass production techniques and low temperafure storage technelogy for
natural enemies, understanding the tritrophic relationship belween host plants, pest insects and natural
enemies, development of superior sirains of natural enemies for different crop ecosystems and pesticide
tolerance and development of biocontrol-based technalogies for pest management in crops like
sugarcane, cofton, maize, tobacco, vegetables, fruits, etc. Several of these technologies have been
transferred to private enterprises for cornmercial exploitafion.

The eleventh annual report of the Project Direclorate embodies the endeavours of my scientis!
colleagues for the period from April 2003 fo March 2004. | om sure that the findings presented will be
of use fo scientists, research workers, administrators, policy makers, farmers and others who are
involved or interested in biological control of crop pests and weeds. Suggestions for improvement,
colloboration, future research needs and priorities from peer groups have been given due consideration
for implementation.

| am exiremely grateful fo Dr. Mangala Rai, Secretary, DARE & Director General, ICAR, New Delhi,
for his encouragement and valuable guidance. The support extended by Dr. G.Kalloo, Daputy Director
General {Crop Sciences & Horlicullurel, ICAR, New Delhi, is grafefully acknowledged. Dr. O.P.Dubey,
Assistant Directar General [Plant Protection), ICAR, New Delhi, has always encouraged and inspired us
to perform befter. Sincere thanks are due to all project workers af Project Direclorate of Biological
Control and  different co-ordinating centres of AICRP for completing the allotted research programmes.
Thanks are alse due fo the Vice-chancellors and Directars of Research of SAU-based centres and
Directors of ICAR Institute-based centres for providing the facilities.

R. J. Rabindra
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2. EXECUTIVE SUMMARY

In order to develop biocontrol technologies for the
ece-friendly management of key pests, diseases and
weeds, an extensive fechnical programme covering both
basic and applied research was drawn for two years
(2003-04 and 2004-05) in the 12 Work Group Meeting
of the AICRP on Biological Control at Gujarat Agricultural
University, Anand, during 3-5, July 2003, Emerging
problems like the sugarcane woolly aphid, eco-friendly
management of sucking pests on Bt cotton, and
integration of biclogical control in organic farming, were
included in the programme, The research programme
was assigned to scientists of the Project Directorale of
Biological Coniral (PDBC) and ten SAU and six ICAR-
based centers of the AICRP on biclogical confrol and a
few voluntary cenlers. The salient findings of basic and
applied research conducted are briefly summarized here.

Basic research
Project Directorate of Biological Contro
Biosystematics

Three new species of coccinellids were described.
A checklist of Tachinidae of the Indian region is under
preparation. Aninteractive identification key to the families
of insect bicagents has been prepared.

Introduction of Natural Enemies

Cecidochares connexa, introduced against
Chromolagna odorata, did not attack 78 species of plants
in host-specificity tests. Trichagramma mwanzaihas been
introduced from Kenya for evaluation against Helicoverpa
armigera in pulse ecosystem.

Puccinia spegazzinii, the rust pathogen of Mikania
micrantha, has been established in the containment-cum-
quarantine facility (CQF) at the National Bureau of Plant
Genetic Resourcas (NBPGR), New Delhi.

Mass production and evaluation of predators and
parasitoids

Anthacorids Cardiastethus exiguus, Blapiostethus
pallescens, Orius tantiflus and Orius maxidentex were

2003-2004

successfully mass produced in the laboratory.
Cardiastethus and Blaptostethus were effective against
certain storage pests. C. exiguus was effective @ 50 per
palm against Opisina arenoselfa, Larger cage size and
higher humidity enhanced the reproductive performance
ol Eriborus argenleopilosus.

Influence of B cotton on entomophagous insects

Parasitization rates of Telenomus sp. and E.
argentecpiiosus against Spodoptera litura did not vary
between Bt- and non-Bt cotton cultivars. Response aof
Chrysoperfa carnea to Bt and non-£! cotton did not vary.

Enhancement of efficiency of natural enemies
through semiochemicals

Electro-antennogram (EAG) studies with C. carnea
revealed a high response fo linalool. Kairomone
faormulations based on hexane and tricosane, and
nenacosane evoked a high response in Trichogramma
chilonis, Larval wash of 8. fitura in petroleum ether
increased the performance of Campoletis chilorideae.

Insect pathogens

Insect viruses from Heliufa uridalis, Pieris brassicae,
H. armigera and Spodoptera exigua have been isclated,
The efficacy of HaNPV and SMNPV did not vary in 3
varieties of lomalo, viz., Arka Alok, Arka Meghali and Arka
Vikas.

Thirteen new isclates of entoemopathogenic fungi
were added fo the germplasm collection, Fungal isolates
pathogenic to Plutella xyfostelfa, three species of aphids
and sugarcane woolly aphid have been identified.

An in vitro mass production system for native isclates
of EPN has been developed. A sponge formulation of
Steinernema carpocapsae was found to be stable in
transport conditions. Arthrobolrys oligospora was
effective against reniform and root-knot nematodes. [3-
tubulin gene {1 1o 233 bases) from Verticillium
chiamydosporium has been sequenced and registered
in Genbank, NCBI, Maryland, USA.
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Improved strains of T. chilonis (with high temperature
tolerance and high hest-searching ability} and
Trichogrammatoidea bactrae (with high host-searching
ability for use against P. xyfostefia) have been developed.

Artificial diets have been developed for coceinellids,
chrysopids, and anthocorids. Artificial diet-reared
predators and host insects were as effective as natural
hosi-reared ones. The artificial diet for C. camea had a
sheli-life of up to 570 days under refrigeration.

Farm yard manure (FYM) composted with
Trichoderma harzianum enhanced the germination and
growth of tomato and okra (GPBUAS & T). T harzianum
also increased the water-soluble humic conteant and
several macro and micronutrients in FYM.

Foliar application of T, harzianum+Pseudomanas
fluprescens significantly reduced the brown spot
incidence in Kalanamak scented rice and increased the
yield (GPBUAS & T). Foliar sprays of T. harzianum
effectively controlled biast in Basmati rice (PAU).

The talc formulation of T harzianum had a high shel-
life: {180 days) at room temperature at 15% moisture level,
In sorghum grain flour-based formulation, CFU increased
with time for up to 150 days (PDBC).

BIOLOGICAL SUPPRESSION OF CROP PESTS

Surveys for woolly aphid

Woally aphid incidence was noticed in Maharashtra
(severe), Andhra {moderate), Haryana and Uttar Pradesh
(minor). The predator Dipha aphidivora was widely
prevalent in the peninsular region. Cocoons and larvae
of D. aphidivora were released in 1285 farmers’ fields
around Pravaranagar area. Population dynamics of the
aphid and D. aphidivora have been studied.

PROJECT DIRECTORATEOFBIOLOGICALCONTROL

Trichogramma chilonis against sugarcane borers

Releases of T chilonis effectively reduced the
damage by Chilo tumidicostalis and increased the cane
yield. The effectiveness of T chilanis against early shoot
borer was demonstrated in the farmers' field in Mahli
village in Punjab. Infield trials, T japonicumwas effective
i the management of top borer in Jalandhar district.

Biological control in Bt cotton

In mult-location irials, a BIFM package consisting
of seed treatment with T harzianum, releass of C. carmea
and erection of bird perches was as effective as the
recommended package of practices for Bt cotton, B
cotton effectively reduced the incidence of bollworm,
conserved natural enemies, and increased the yield. In
UAS, Dharwad, 12-14% incidence of bollworm was
noticed on Bt cotton, which, however, was slightly lower
than that on non-Bt cotton {17-19%).

Evaluation of Trichograrnma strains

In field trials in Punjab, the pesticide-tolerant
Trichogramma and local strain were equally effective
against bollworms. At TNAU, the pesticide-tolerant
Trichogramma was more effective than control. In Anand,
there were no significant differences between pesticide-
tolerant and local strains.

AtGAL, Anand, and PAU, release of Trichogramma
at the rate of 200 strips was significantly more effective
than 150 and 100 strips per ha against bollworms.

ALCTRI, Rajahmundry, Bt and Nomuraea nleyiwere
equally effective in controlling Heficoverpa anmigera. Bt
was found to be better than HaNPV. Parasitism by
Telenomus remus and damage by Spodoplera exigua
were higher on Lanka type tobacco.

Pigennpea

In multi-ocation demonstrations, the PM package
consisting of Trichoderma seed treatment, NSKE 5%
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spray, BUHaNPV spray and random planting of maize was
effective in controlling pod borers and increasing the yield
{THAU, GAU). At TNAU and GAU, the EPN
Hetarorhabditis effectively reduced H. armigera
population and pod damage and increased the yield.

Soyabean and lablab

On soyabean, BIPM comprising of Trichoderma and
Beauveria bassiana formulations helped in minimizing
the damage by pests and diseases and increased the
yield (NRC Soyabean and CTRI), )

Application of HaNPV at the rate of 1.5x10%ha
reduced the damage to seeds by H. armigera and
increased the seed yield in lablab {TNAU).

Rice

IPW involving the use of Trichoderma, Trichagramma
and Pseudomonas fluorescens and bird perches
affectively controlled stem borer and leaf folder and
enhanced the yield (AAU). In multi-location frials at AAU,
KA, PAU and MPRY, T japamicum contralled both stem
borer and leaf folder and increasad the grain yield, At
PAU, however, combination of T chilonis + T japonicum
gave better control.

Organic farming package involving use of biocontrol
agents was as effective as the conventional package of
practices in canfrolling the pesis and increasing the yield
in Pusa Basmati Rice [PAU] and Jyothi rice (KAU) and
also helped conserve natural enemies.

Qilseeds

In groundnut, biocontral-based IPM was better than
chemical contrel in contrelling leaf folder and 8. fifura
larvae and increased the yield (TNAU).

Spraying of Verticitium lecanii controlled aphids on
mustard. Release of lschiodon scutellaris was, however,
not effective (PAU).

Coconut

Release of T embryophagum at the rate of 4000 per
palm significantly brought down the population of Opisina

arenosella (PDBC). Releass of Goniozus nsphantidis
on the trunks was as effeciive as crown release in
controlling O. arenosefia (PDBC; KAU).

Tropical and temperate fruits

Bt was effsctive against pemegranate fruit borer
Deudorix spp. (IIHR, MPKY, YSPUH&F). In ber, bath Bt
and release of T. chilonis were very effective against
Meridarches scyrodes (IIHR). Multilocation studies
revealed that Encarsia guadeloupae was established on
spiralling whitefly on papaya, guava and several other
hosts (IIHR). In Kerala, parasitism by E. guadeloupae
was as high as 52-56% on chillies (KAL),

Survey for the natural enemies of phytophagous
mites of apple revealed the occurrance of predatory mites,
thrips, anthocorids and chrysopids {YSPUHAF),

Vegetables

IPM package involving the use of YAM, Trichaderma
seedling root dip, releases of T pretiosum @50,000 per
ha and spraying HaNPV at 1.5x10" POB/ha controlled H.
armigera on tomato and increased the yield (MPKY and
TNAU). Application of Trichoderma, T. chilonis and EPM
reduced the damage 1o fruits and shoots and enhanced
the yield in brinjal (TNAU). On knol-khol, B. bassiana
caused 71% martality of Piers brassicae. Dichlorvos was,
however, mare effective (SKUASAET). Dolichogenidea
stantoni was found promising against gherkin caterpillar
Diaphania indica. Orius maxidentex was found to be an
efficient predator of thrips on chillies {IIHR}.

Potato

IPM package involving use of Trichoderma, V! lecanii
and Copidosoma koehleri gave effective control of the
potato tuber moth and increased the yield (MPKV).

Weeds

Neochetina eichhorniae and N. bruchi were
eslablished successfully in Assam, Andhra Pradesh,
Gujarat, Rerala, Maharashtra, Tamil Nadu and Punjab.
Multilocation studies revealed that the parthenium beetle,
Zygogramma bicolorata, reduced the biomass and plant
height through defoliation.
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3. INTRODUCTION
Brief History

The All India Co-ordinated Research Project on
Biological Control of Crop Pests and Weeds was initiated
in 1977 under the aegis of the Indian Council of Agricultural
Research (ICAR), Mew Dethi, with funds from the
Department of Science and Tecnnology, Government of
India. Within two years (1978), ICAR included the project
under its research activities with full financial support.
When the Commenwealth Institute of Biclagical Control,
Indian Station, Bangalore, was closed in 1988, the Praject
Co-ordinator's call was merged with that unit and faken
over by the ICAR. The new headguarters called Biological
Control Centre (under the administrative control of
National Centre for Integrated Pest Management,
Faridabad) was shifted to the premises of the erstwhile
CIBC, Indian Station. Recognition of the importance of
biological control came during the VIl plan with the
upgradation of the centre to Project Directorate of
Biological Control with headquarters at Bangalore: The
Project Directorate startad functioning on 19th October
1993. The AICRP started with 13 centres initially and has
now increased to 16 centres, all functioning under the
Project Directorate.

The Project Directorate is located on the Bangalore-
Hyderabad MNational Highway (NH 3), about 8 km from
the Bangalore City Railway Station and 17 km from the
Bangalore Airport.

Past achievements
Basic Research

&  Eighty-two exotic natural enemies (NEs) have been
studied for ulilization against alien pests, out of which
56 could be successfully multiplied in the laboratory,
50 species have been recovered from the field, four
are providing partial contral, five substantial control
and six are providing economic benefits worth
millions of rupees. Twelve are augmented the same
way as indigenous natural enemies.

s The encyrtid parasitoid Leptomastix daciylopi,
introduced from West Indies in 1983, has

successfully established on mealybugs infesting
citrus and many ather crops in South India.

Two aphelinid parasitoids of South American grigin
fortuitously introduced against Aleurodicus
dispersus; Encarsia guadeloupae, colonized in
peninsular India from Lakshadweep, has
established, displacing the earlier introduced E. sp.
nr, mentoria,

Curinus coeruleus {arigin: Seuth America), the
coccinellid predator introduced from Thailand in
1988, colonized on subabul psyllid.

Cyrtobagous salvinfae (Origin: Argentina) was
introduced in 1982 and colonized on water fern,
Salvinia molesta, in 1983, Weevil releases have
resulted in savings of Rs. 688 lakhs / annum on labour
atone in Kuttanad district, Kerala.

The weevils, Neocheting bruchi and N. eichhiormiae
and hydrophilic mite Orthogalumma terebrantis
{Origin: Argentina), infroduced in 1982 and
colonized in 1983 on stands of water hyacinth, have
established in 15 stales. Savings on labour alone is
Rs. 1120 per ha of weed mat.

Biosystematic studies caried out on 200 predatory
cocoinellids; Serangium serratum, Microserangium
brunneonigrum and Pseudaspidimerus infuscatus
dascribed as new species from south India. An
annotated checklist of the fauna of the Indian
subcontinent {excluding Epilachninag) prepared,
comptising 418 species under 78 genera and 21
tribes under five subfamilies.

A sort of classical biclogical control has been
achieved within the country by the redistribution of
Epiricania melanoleuca, a parasite of Pynilla
perpusilia.

Breeding techniques for 46 host insects
standardized including rearing on semi-synthetic diet
and cost of produstion has been worked out.

Improved laboralory techniques developed for the
multiplication of 26 egg parasitoids, six egg-larval
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parasitoids, 39 larval/nymphal parasitoids, 25
predators and seven species of weed insects

A beef liver-based semi-synthetic diet evolved for
Chrysoperla carnea to facilifate its large-scale
production and use.

Coceinellid predators Cryplolaemus montrouzier,
Cheilomenes sexmacilata and Chilocorus nigrita
successiully mass-produced on semi-synthetic diet.

A new multi-cellutar acrylic larval rearing unit
devised for efficient and economic mass production
of Helicoverpa armigera and Spodoptera fitura for
commetcial production of hosi-specific parasitoids
and NPV, Several units supplied to Government,
ICAR institutes and private entrepreneurs.

Tntrophic refationships between natural enemies,
their hosts and host plants have been determined.
Hyposofer didymalor & Telenomus remus preferred
to parasitise Spodoptera litura larvae and eggs,
respectively, on castor and beet root. Cotfesia kazak
preferred tomate, cotton and okra, while C.
marginiventris preferred knol-khol, castor and
cowpea and Eucelatoria bryani preferrad cotton.
Tritrophic interaction studies between tha egg
parasitoid, Trichogramma chilonis, bollworm H.
armigera and cotton, chickpea, pigeonpea,
sunflower and tomato genotypes have helped in
identifying biocontrol-inendly genotypes.

Suitable low temperatures for short-term storage of
trichogrammatids, Sticholotis madagassa, E. bryani,
Carcelia iliota, Alforhogas pyralophagus.
Copidosoma  koehleri, H. didymator, C.
marginiventris, L. daciviopii, Sturmiopsts inferens,
and Pareuchastes pseudoinsulata have been
determined.

Superior strains of T chilonis have been identified
for cotton, sugarcane and tomato crops.

An endosulfan-tolerant strain of T. chilonis
{Endogram) was developed for the first time in the
world and the technology transferred o private sector
for large-scale production, Presently, 24000 ha of

cotion and vegetables have been protecied by this
technology in 6 states. Endogram has been further
moditied for tolerance to monocrotophos and
fenvalerate.

A sirain of T. chilonis strain tolerant to high
temperatures (up to 36°C) has been developed for
use in areas with high temperature.

Different peslicides have been screened against 37
natural enemies for identifying the refatively safer
ones to be used in a biological control-based
integrated approach.

Karromones from scale extracts of Helicoverpa
armigera and Coreyra cephalonica increased the
predatery potential of chrysopids.

Acid-hydrolyzed Lryplophan increased oviposition
by C. carnea on cotton.

Primary cell culture from the embryos of Spodoplera
litura has been established to facilitate the
multiplication of obligate microorganisms.

Two fungal (Trichoderma harzianum (PDBCTH 10)
and T. viride (PDBCTH 23)), and two bacterial
antagonists (Pseudomonas fluorescens (PDBCTH
23) and P putida (PDBCAB 19}) of many plant
pathogens released for commercial production after
intensive studies.

Bacierial antagonists, particularly Pseudomonas
cepacia (starin N 24}, successfully suppressed
Sclerativm rolfsii in sunflower rhizosphere as seed
inocula.

New species and strains of entomopathogenic
nematodes (EPN), namely, Steinernema abbasi, 5.
tami, S. carpocapsae, S.bicornutum and
Heterorhabditis indica, recorded.

Suitable media for mass multiplication of EPN
identified, S. carpocapsae @ 1.25-5 pillion/ha proved
effective against brinjal barer, Levcinodes orbonafis.
Talc-based and alginate-capsule formulations of 5.
carpocapsae and H. indica were effective against S.
fitura in tebacco.
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An easy and rapid technique fo screen antagonistic
fungi against plant parasitic nematodes has been
devised to identify efficient strains. The antagonistic
fungus, Paecilomyces Iifacinus, was found effeclive
against Meloidogyne incognita and Rofylenchulus
reniformis in red laterite soils and Verticiflium
chlamydasporium was effective in sandy loam sail.

Cryptosporiopsis sp. and Fusarium paliidoroseum
ware successfully evaluated as mycoherbicides for
parthenium.

‘PDBC-INFOBASE’ giving information about
bioagents, their use and availability in public and
private sector in the country; and ‘BIOCQT", giving
information about bioconiral measures for cotton
pests, developed and supplied to end users.

Applied Research

Inundative releases of Trichagramma chilonis and T
japonicum have proved effective in suppressing
sugarcane tissue borers.

Baauveria bassiana, B. brongniarti and Metarhizium
anfsopliae were mass culfured and utilized effectively
against sugarcane white grubs,

Trichogramma chilonis has proved effective against
maize stem borer, Chilo partellus.

Biocontrol-based IPM  modules involving
trichogrammatid releases were found belter than
insecticides for the contrel of stem borer and leaf
folder of rice.

IPM modules for cottan crop have been formulated,
comprising the use of oxydemeton methyl {0.03%),
releases of C. carnea, T. chilonisand spray of HaNPV.
The module gave higher yields and conserved
natural enemies better than insecticidal sprays
alone.

Bt and HaMPV were important components of BIPM
of pod borer complex in pigeon pea and pod borer
of chickpea.

Integration of Tefenomus remus, C. camea, insect
pathogens and NSKE was successiul in the
management of 8. fitura on tebacco. The cost-

benefit ratio for BIPM was better (1:2.74) than that
for chemical control (1:1.52).

Inundative releases of parasitoids Apanteles
taragamae, Bracon hebelor, Gomozus nephaniidis
and Brachymeria nosatoi against Opisina
arenosella on coconul, ceinciding the first release
with the appearance of the pest, have proved
effective.

Oryctes baculovirus has been highly successful in
reducing Oryctes rhinoceros populations in Kerala,
Lakshadweep and Andamarn Islards.

Cryptelaemus montrouzieri has effectively
suppressed Planococeus citri on citrus and grapes,
Pulvinaria psidii, Ferrisia virgata, Maconellicoccus
hirsutus and Aasirococcus fcaryoldes on guava,
grapes and mango, respectively.

Impact of Trichogramma, Crypiolaemus, C. camea,
HaNPV and SINPV has been successiully
demonstrated in Punjab, Andhra Pradesh,
Karnalaka, Maharashtra, Gujarat and Tamil Madu,

Aphefinus mali and several coceineallid predators
were found effective against apple woolly aphid.

San Jose scale parasitoids, Encarsia perniciosi and
Aptiytis sp., were well established in Jammu &
Kashmir and Himachal Pradesh.

Trichogrammatoidea bacirae and Bf were found
effective against Plufella xyfostela.

Tomalo fruit borer, H. armigera, was sffectively
controlled by releases of T. pretiosum and HalNPV.

Copidosoma koehleri and Bt were found effective
against potato luber moth in country stores.

Mandate

Project Directorate of Biclogical Control,
Bangalore

Harness the national resources to develop and
promote biological control strategies for sustainable
and eco-friendly pest management in agriculture
and horticulture to enhance the profitability and
welfare of the farming community.
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AICRP on biological control of crop pests and
weeds
Promotion 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
farmer's fields

Financial statement (2003-04)

Organisational set-up
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With a view to fulfil the mandate eifectively and
efficiently, the Project Directorate is functioning with
Biosystematics, Intreduction and Quarantine Laboratory,
Mass Production Laboratory, Pathology Laboratory,
Entomophagous Insect Behaviour Laboratory,
Biotechnology Laboratory and a Co-ordination,

Documentation and Training Cell (Fig. 1).

Project Directorate of Biologicai Control, Bangalore

Head Plan Non-plan Total
Pay & allowances 00.00 109.12 100.12
TA 03.00 f2.20 05.20
Other charges including aquipment 21.80 25.00 48.80
Works/petty works 01,00 01.00 02.00
Tatal 2580 137.32 163.12
AICRP Centres (ICAR share only)

Name of the centre Amount sanctioned and expenditure (Rs.)

CPCRI, Kayangulam

CTRI, Rajahmundry :

IARI, New Delhi '

IIHA. Bangalore

ISR, Lucknow

SBI, Coimbatore

AAU Jorhat 10,39,839

ANGRAU, Hyderabad 13,10,333

GAU, Anand 31,982,293

KAL, Thrissur 08,53,000

MPEY, Pung 14,28, 754

PAL), Ludhiana 21,585,372

SKUASAT, Srinagar 21,19.231

TNAU, Coimbatore 13,186,441

YSPUHGF, Nauni, Sofan 09,72,504

GBPUAAT, Pantnagar 02 82,000

Total 1,46,79.767

Since the Project has been merged with Non-Plan, ICAR Institule-based cenires did not maintain separate budget account

1
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BIOSYSTEMATICS AND BIOSYSTEMATICS AND ICAR CENTRES SAU CENTAES
INTRODUCTION INTRODUCTION CPCAl AAY, JORHAT
LABORATORY LABORATORY KANYAKUMARY =
I [ CTA! HYDERABAD |
AAJAMUNDHRY
PRODUCTION PROOUCTION AR
LABORATORY LABORATORY NEW DELHI GBPUA & T
| : PATNAGAR
HHA
PATHOLOGY BANGALORE | KAU, THRISSUR
LABORATORY :
1ISA MPAU, PUNE
| LUCKNOW
'
INSECT 58/ :
BEHAVIOUR COIMBATORE SKUAS & T
LABOBATORY . STINAGAR |
COORDINATING TNAU,
| b
BIOTEGHNOLOGY
LABOBATORY DR. YSPUH & F,
SOLAN
TECHNICAL
CELL
l SERVIGES AND COUNTTERS
DOCUMENTATION ADMINISTRATION
CELL
|
PUBLICATION MANAGEMENT
LIBRARY ESTABLISHWMENT COMMITTEE COMMITTEE
T I |
ADMINISTRATION PURCHASE AND RESEARCH
AGOOUNTS PRICE FIXATION CoMMTTEE
ARIS AND COMMITTEE
MISBS | ]
I Sﬁﬁ | STAFE
EABM SECTION PURCHASE GRIEVANCE RESEARCH
SECTH e COUNCIL
| ESTATE I [ |
STAFF
DESIGN SECTION | : sscumrr_J HING! JOINT
COMMITTEE COUNCIL
Fig. 1. Organizational Chart
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Staff position
Category Posts sanctionedup o Posts filed up to Vacart positions
31-03-2004 * 31-03-2004
PDBC, Bangalore
Research Management (0} ul
Sciertffic 25 22 3
Technical 18 18 E
Administrative 07 06 1
Supparting 06 3]
Sub-fotal (2) 57 53 4
SAU-based Centres
Saientific 21 21
Technical 3 31
Administrative 1 1
Sub-total {b) 53 53
ICAR Institute-based Centres
Scientfic . -
Tachnical - -
Sub-total (c) - -
Grandtotal (a+b+c) 110 108 4
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4. RESEARCHACHIEVEMENTS

Importation of natural enemies

Pure culture of stem gall fly, Cecidochares connexa
was raised on potted Chromolagna adorata plants and
behavioural studies were made in detall. Adult flies lived
for 7-12 days. Stern swelling was first visible 15 days after
oviposiion, and the gall generally developed at a node
and occasionally at internode with & single pair of leaves,
The life eycle from egg to adult took 59.5-71.1 days,
averaging 65.3 days.

Seventy-five host plants were tested for host
specificity and the results indicated that the gallfly laid
eggs and completed develapment only on C. oderata. A
survey was conducted in Kodagu, Hassan and Shimoga
districts of Karnataka to identify suitable locations for field
release and collection of baseline data.

Trichogramma mwanzal, the egg parasitoid
introduced from Kenya for the biological control of
Helicoverpa armigera and other lepidopteran tissue
borers, was quarantined successfully and a pure culture
was raised using Corcyra cephalonica ggs.

Puccinia spegazzinii, the rust fungus specific to
Mikania micrantha, imported from CABI, UK, was
successfully established on Mikania plants at the
quarantine laboratory at NBPGR, New Delhi, and was
tasted against 10 plant species for host-specificity.

Taxonomic studies

Tachinidae of the Indian subcontinent

A checklist to 220 species under 33 genera, 20 tribes
and four subfamilies has been prepared.

Coccinellidae of the Indian subcontinent

Five more species were added fo the illustrated
guide to common cocecinellids of the Indian
Subcontinent, Three new species were described and
two nomenclatural changes effected. An annotated
checklist of the Epilachninae of the Indian subcontinent
was completed based on the latest World catalogue of
Epilachninae.

PROJECT DIRECTORATEOFBIOLOGICAL CONTROL

Development of an interactive identification key
to important families of insect parasitoids and
predators

An interactive identification key to 41 important
families of insect parasitoids belonging to four orders and
25 major families of insect predators belonging to 1
orders was constructed on LuclD platform, The key
provides notes on diagnosis, economic importance, and
ilustrations andfor photographs of habitus and diagnostic
characters. A pictorial guide o these families in a non-
interactive format on CD is under compilation for the
benefit of students and econamic entomologists,

Evaluation of natural enemies

Host plant influence on parasitization by
Telenomus sp.

Telenomus sp. parasitized $3.92% Spodoplera fitura
eggs on rose, 61.17% on Bt cotton and 15.51% on MCU-
7 cotton when the parasitoid: host ratio was 1:2 compared
10 94.73, 62.25 and 22 85%, respectively, when the ratio
was 1-1. It was observed that 8. lilura preferred to lay eggs
on all three varieties of tobacco fested - BanketAd (32.1%),
K326 (26.9%) and Gold Streak (41.0%). Parasitism by T.
remus was maximum on Gold Streak (74.7%), followed
by BanketA1 {12.9%) and K326 (6.5%) (Fig.2). This
experiment indicated that Telenomus sp. could be further
tested in small plot trials on Gold Streak.

Performance of Eriborus argenteopilosus on Bi
and non-Btcolton

Ina no-cheice lest, parasitism was 20-28% on MCU-
10 and 43.30% on Bt cotton. Comparatively lower
paragitism was obfained in multiple-choice test.
Irrespective of the variety, mean per cent parasitism was
higher in no-choice test (31.79%,) than in multiple-choice
test (17.17%), with no sigrificant difference between the
two, Similarly, irrespective of the method of testing, 2 mean
parasitism of 18.68% was recorded on MCU-1C and
30,28% on Bt cotton. The values were, however, not
significantly different (Table 1), showing that Bt cotton
was not deleterious to the parasitoid.
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0 Egg laying

m % parasitism

Banket At K326

Tobacco varieties

Gold Streak

Fig 2. Egg laying by S. fitura and parasitism by Tefenomus sp. on three tobacco varieties

Table 1. Comparative parasitism by Enborus argentecpilosus on Helicoverpa armigera

Cotton variaty Percent parastism Mean
Ma-choice test Multiple-choice test

MCU-10 2028 17.08 18,68

Bteatton 4330 1125 30.28

Mean 379 1717

Evaluation of anthocorid predators on bruchid
pests

The anthocorids, Cardiastethus exiguus and
Blaptostethus pallescens, were evaluated against
Callosobruchus spp. an kabuli chenna and green gram,
Seventy per cent bruchid emergence was observed in
control, while release of C. exiguus nymphs and adults
resulted in 50 and 63.3% bruchid emergence. When B.
patllescens nymphs and adults were released, 60 and
50% bruchid emergence, respectively, was recorded. In
green gram, the release of G, exiguus and B. pallescens
adults resulted in reduced adult emergence (50 and 55%,
respeclively) compared to control (3%). The results need
to be confirmed.

Blaptostethus pallescens on Sitotroga cerealella
eggs infesting rice

Emergence of S. cerealella adulis was 58% in
control, whereas in the treatment with B. paflescens
adults, it was only 29.4%. Minimum emergence (12.6%)
was recorded when B. pallescens nymphs were released,

which indicated that release of B. pallescens in the
nymphal stage could be more effective against S,
cerealella.

Field evaluation of Cardiastethus exiguus on
Opisina arenosella

At Allalsandra, Bangalore, a field trial was conducted
to evaluate the performance of C. exiguus on O.
arenosella infesting coconut. The larval population per
leaflet was 0.81 in the pre-treatment and 0.01 in the post-
treatment. The per cent infested leaves was 73.45 in the
pre-treatment cbservation and in the last observation, It
had reduced to 34.6%. The count of C. exiguusieaflat
was very low during all the observations, probably
because the pest load was also low.

Mass culture of natural enemies

improvement in the multiplication of the
ichneumanid parasitoid, Eriborus argenteopilosus

Large cages measuring 42.5 x 42.5 x 82.5cm were
effective for multiplying E. argenteopiosus. High
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parasitism (70 to 81.25%) was obtained in some
exposures with high female progeny (60%). The
parasitoid was continuously reared for 8 generations.
From Dacember last week, there was a drastic reduction
in humidity to about 40+5%. Higher humidity {60-70%)
was necessary for sustenance of ihe parasitoid. The
humidity in the laboratory was increased to 60+5% and
the humidity within the cages was &lso increased using
wel sponges. Use of large cages at 80-70% RH can
improve the performance of E. argenteopilosus with
respect to mating, parasitism, adult emergence and sex
ratio.

Continuous laboratory rearing of Orius tantillus
on UV-irradiated Sitotroga cerealella eggs

When Orius tantiffus was reared on C. cephaionmica
eqgs, maximum adulis were obtained In the 1% (70
nos.) and 2" (82 nos.) generations. After the 2™
generation, there was a drastic reduction in adult
emergence. When reared on 8. cerealefla eggs, from
the 15 field-collected females, more than 100 adulis were
obtained in each generation. From the 6" to 11"
generafions, 250 to 450 adults could be cblained per
genetation (Fig. 3). There was & significant reduction in

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

progeny production from 12" generation, which indicated
that there is @ nesd 1o rejuvenate the laboratory culture
with wild cullure at the end of 11 genera'ions in the
labaratory. This experiment indicated that Uv-iradiated
S. cerealella eggs could be ulilized effectively for the
multiplication of O. fanfifius.

Development of mass production technique for
mite predators

Stathorus paupercutus (Coleoptera: Goocinellidze)
and Oligota sp. {Coleoptera: Staphylinidag), took 144
and 11,0 days to complete their life cycles on Tetranychus
neocaledonicus. In the laboratary, maximum mortality was
seen during the pupal period. Moist sand was the only
substrata on which they pupated.

Development of mass production technigue for
natural enemies of sugarcane woelly aphid

Dipha aphidivora (Lepidoptera: Pyralidae),
Micromus igorotus, and Micromus sp. (Neuroptera:
Hemerohiidae) (Plate 1A & B}, predators of the sugarcane
woolly aphid, were collected from Arabhavi, Belgaum,
Bailhongal, Dharwar, Gokak and Pune. They occurred at
varying densities in the localities surveyed. These

500
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200 1
180 7
100 7
507

Number of adults

FC Il Il v VoV

Generations

O Oriss on
Corcyra

B Orius on
Sitetrog

Vil 3.8 X Xl Kl

Fig. 3. Orius tantillus reared for generations on UV-irradiated eggs of Corcyra cephalonica and
Sitotraga cerealella (FC - Field collected; 1 - 12 - Lab-reared generations)
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Plate 1. A} Micromus sp. (Neuroptera: Hemerobiidae) and B) Dipha aphidivora (Lepidoptera: Pyralidae) : Potential
predators of the sugarcane woolly aphid (Ceratovacuna lanigera)

predators and the ladybirds, Synomycha grandis and
Anisolemnia dilatata, were reared successfully on
alternative aphid prey. Among various substrates, paper
and plastic surfaces were preferred for egg laying by D.
aphidivora.

Studies on behavioural response of natural
enemies and tritrophic interaction

Herbivore-induced plant synomones and their
utilization in enhancement of the efficiency of
natural enemies

Thirty-six plant volatile compounds consisting of
alkenes, monoterpenes and sesquiterpenes from leaves
and flowers of 19 varieties/nybrids of maize were identified
using GC-MS system. Dodecane was the most pravalent
compound. Flowers released significantly more number
of compounds in comparison to leaves. In some varieties,
specific compounds like hexadecanoic acid; 9,
octadecanoic acid and (Z)-octadecanoic acid were
detected which exhibited synomenal activity.

Electrophysiological response of C. camea to nine
fractions of cotton volatiles revealed that 6-day-old female
responds highest to L-linalool (-1.977), followed by
tetradecane (-1.183), myrcene (-1.098) and dodecane (-
1.07). No significant difference was observed in EAG

responses of C. camea to Bt - and non-Bt catten. However,
H. armigera showed significantly higher response to
volatiles from non-Bt cotion than to those from Bt-cotion,

Marigold flower agueous extract elicited higher
response in T chifonis and resulted in significantly higher
parasitization of H. armigera eggs (75.8%). Similarly, C.
carmea females showed significantly greater rasponse
to marigold exiract. Chickpea leaf surface glandular
trichomes and their sticky exudates played a negative
role in parasitization of H. armigera eggs by T, chilonis.

Field efficacy of kairomones as reinforcing agents
for trichogrammatids on cotton

A field trial was conducted using kairomones of
Corcyra as reinforcing agents for T chilonis. The pre-
treatment parasitization was very low in all the treatmenis
Highest per cent parasitization was observed in the
kairomone-treated plots. In both treated and untreated
control plots, there was a slight increase in parasitization
and both were on par (Table 2).

Selection of solvents for kairomonal formulations
to increase the efficiency of trichogrammatids

In order to identify a suitable solvent for preparing
kairomone formulations for trichogrammatids, several
organic solvents were used in the preparation of

17
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Table 2. Effect of kairomone treatment on parasitization by Trichogramma chilonis on H. armigera under

field conditions

Treatrment Per cent parasitization in

Pre-treatment Post-treatment-1 Post-treatment-2
Treated . 8.0 14.0 33.0
Treated control 20 10.0 18.0
Untreated contral 20 5.0 20.0

kairomones and bioassays were done in wind tunnel
olfactometer and in multiple-choice tests at room
condifions. Kairomone extracts of Corcyra scales (1%)
fortified with tricosane or pentacosane or nonacosang
(0.1 %) using hexane, petroleum ether and
dichloromethane were tested in wind tunnel method.
Among the solvenis, hexane trapped larger number of
adults (3.8), while tricosane recorded higher number of
eggs trapped. Parasitization of T. chilonis also was higher
with the same combinations (8.20%).

Development of kairomonal formulations to
increase the efficiency of trichogrammatids

Kairomonal formulations of Corcyra scales at a
constant cancentration (1%) and varying concenirations
of kairomone compounds at 0.1%, 0.2% and 0.3% were
assayed in wind tunnel and multiple-choice tests under
room conditions. Nonacosane (0.3%) recorded highest
parasitization (16.8%), followed by 0.3% tricosang
(16.0%). AL 0.2%, the compounds did not elicit significant
behavioral response. In the multiple-choice tests, the
kairomonal formulations were sprayed on Cercyra €gg
strips and exposed to adult trichogrammatids.
Nonacosane (0.1%) recorded highest parasitization
{30.24%), followed by pentacosane 0.2% and 0.1%
( 29.80 and 28.82% parasitization, respectively].

Kairomones to improve the performance of
Campoletis chlorideae

Parasitization of S. fitura on castor leaves treated

with kairomonal extracts (from 8. fitura) by Campoletis
charideae was significantly higher {15.98%) than that in
unireated control (1.33%).

Influence of diet on the behavioral response of
Campoletis chlorideae

Larval wash of S. fitura extracted from four-day-old
larvae reared on natural diet (castor leaves) attracted
more number of adufts of C. chiorideae (3.78) than that
from larvae reared on artificial diet (1.25) in Y-tube
oifactometer studies,

Influenice of host age on the behavioral responses
of Eriborus argenteopilosus

Kairomonal extracts from 4-day-old larvae of S, litura
attracted larger number of E. argenteapilosus adults than
those from 1-6- and 9-day-old larvae in Y-tube
olfactometer.

Kairomones to increase the efficiency of T.
chilonis on cotton cultivars

Effect of kalromones on parasitization rate of
Helicoverpa armigera eggs by T. chilonis on cotton
varieties MCU-5, MCU-2 and Abathita was sfudied. The
highest increase in parasitization was noticed in
tricosane-lreated MCU-9, followed by fricosane-treated
MCU-5, In the other treatments, there was no significant
difference (Table 3),

Evaluation of improved strains of natural
enemies

Field evaluation of high temperature tolerant strain
(HTTS) of T. chilonis against sugarcane borers
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Table 3. Parasitization of H. armigera by T. chilonis on kairomone-treated cotton cultivars

Varely Kairamone Per cent incraase in parasitization
MCU-5 Tricosane 40.0
Pentacosane M5
MCU-g Tricosane 430
Pentacosane 4.17
Abadhita Tricosang 1.9
Pentacosane 224

* Increase aver control not significant
Trichogramma chilonis

Field trials were carried out in collaboration with
KCP Sugar Mills Ltd., Vayyuru (Andhra Pradesh);
Vasantdada Sugar Insiitute, Pune (Maharashtra},
CCSHAU, Karnal (Haryana); [ARI, New Delhi at Sonipat;
Mwana through IARI, New Delhi and PAU, Ludhiana to
evaluate the high temperature-tolerant strain {HTTS)
having high host searching ability. The parasitaids were
released 610 times @ 100,000/ ha at fortnightly interval

At Pune, mean incidence of shoot borer was
significantly lower in HTTS plots (3.2%) compared to
untreated control (8.1%), but on par with local strain, The
infestation Index of internode borer was less in HTTS
and local strain released plots in comparison to control.
At harvest, average number of millable canes In 10 m
rows in HTTS, local strain and control released plots
were 61.9, 60.0 and 46.4 and yield was 58.2, 54.6 and
414t/ ha, respectively, The release of HTTS increased
the cane yield by 3.6 t/ ha over local sirainand 16.81/ ha
over conral,

At Kamal, the incidence of shoot borer in general
was low in the experimental as well as contro! plots. The
pre-treatment incidence of this borer ranged from 3.9 to
4.7 per cent. The field receiving PDBC strain recorded
8.2 per cent C. infuscatefius incidence 10 days after the
last release (end June) as against 8.9 per cent in plots
receiving lecal strain and 10.9 in check plot. The
incidence and intensity of stalk borer in the field receiving
the PDBC sirain were 34.7 and 6.7 per cent, respectively,
while with the local strain it was 38.5 and 5.8 per cent. In

the check plot, 37.2 per cent higher incidence and 41.5
per cent higher intensity of C. aurigilius was recorded

At Ludhiana, the egg mass parasitism was 29.5,
28.0, 7.7 and 8.5 per cent and borer incidence was 6.9,
8.0, 6.3 and 13.4 per cent in HTTS, local strain,
insecticice (Padan-treated and untreated plots. The yield
recorded was 586, 578, 583 and 519 q/ ha, respectively.

Trichogramma faponicum

Afield trial was carried out in collaboration with [ISR,
Lucknow, against sugarcane top borer by releasing T.
japonicum twice against each brood followed by one
release of Tetrasiichus howardi. The incidence recorded
was 15.3, 15.0 and 17.6 per cent in HTTS, insecticide
{Furadan) and untreated plots, respectively. However,
yield was on par in HTTS and insecticide treatments.
The maximurn and minimum temperatures were 29.0 —
43.2 and 17.7 — 28.6°C, respectively, during the trial
period.

Field evaluation of multiple insecticide-tolerant
strain (MITS) of T. chilonis against cotton
bollworms

Field trials were carried out in collaboration with
PAL, Ludhiana; GAU, Gujarat; UAS, Raichur, and TNAU,
Coimbatore, to evaluate the efficacy of multiple
ingecticide-tolerant strain of T. chilonis against cotton
bollworms. The results indicated that the MITS performed
better than ather treatments in all locations in terms of
high egg parasitism and less damage to fruiting bodies.
The yield recorded was highest in MITS plots in all
locations and it was significantly higher than local strain

-
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(LS}, insacticide check plat (ICP) and untreated control
(UC) (Table 4). The results indicated the usefulness of
MITS in combination with insecticides in enhancing the
yield and its supericrity to inseclicidal control of
bollworms,

Field evaluation of high host searching strain of
T. chilonis and Trichogrammatoidea bactrae
against Pectinophora gossypiella in Karnataka

Field trials were carried out in collaboration with
UAS, Raichur, to evaluate T chiforisand T bactrae against
pink bollwerm (PBW) en cotton,

At Raichur, green boll damage due to PEW was 168,
35.2 and 67.3%, open locule damage 31.3, 47.5 and
£5.3% and number of larvae / boll 0.14, 0.53 and 0.86in
T. bactrae, T. chilonis and untreated control plots,
respectively. Releases of HHSS of T. bactrae reduced the
green boll damage by 52.9 and 75.3%, locule damage
by 34.1 and 52.1% and number of larvae  ball by 73.6
and 83.7% compared to releases of T chilonis and
untreated control, raspectively.

Evaluation of trichogrammatids againsi Plutelia
xylostellain the laboratory on cabbage

The experiments were carried out in the laboratory
on potted plants during winter 2003 and summer 2004

using cabbage war. Shristi. The HHSS of
Trichogrammatoidea bactrae parasitised 64.3% £ggs,
significantly more than any other species / strain, In
general HHSS gave higher parasitism compared to
laboratory strains. The effective dosage oblained was 100:
5 (host eggs: parasitoids). The larval pepulation of DBM
was lowast (4.89 larvae / plant) in the treatment with two
releases of T. bactrae, followed by its combination with
dichlorvas (6.81) and untreated contral {4653}, The vield
data indicated that synchronization of T bactrae releases
with egg laying and early protection resulted in higher
mean weight of heads in (550 g/head) compared to 396
g In combination, 340 g in insecticide treatment and 126
g in untreated control. The results indicale that T. bactrae
could be used against DBM as a component in BIPM
systerm.

Evaluation of trichogrammatids against Earias
vittella in the laboratory

Of the different species of Trichogramma evaluated
against Farias vitiella, in terms of parasitism and adult
emergance, T achasae, T chilonis, T. embryophagum
and T brasiliense were the most suitable. At different
dosages, parasitism by T. brasiliense was significantly
higher {40.4%} than other species tested (9.4 10 30.8%).
Amorig various species, per ceni parasitism on potted
plants was significantly higher by T ehilonis (81.0%)
compared to 4.0, 7.0 and 14.0%, respectively, by

Table 4. Efficacy of multiple insecticide-tolerant strain of T chilonis against bollworms of cotton in different

locations
Place Egg parasitism (%) Fruiting bodies damage (%) Yield of seed cotion (kg / ha)
MITS LS IC uc MTS | LS | IC | UC MTS | LS Ic | uc
Ludhiana 111 108 | 00| 12 79 | B8 [ 104 ] 508 1612 | 1580 | 1510 248
Anand 33.0 293 9.2 | 133 12 | 115 | 143 ] 262 1978 | 1892 | 1817 1330
Raichur 1.2 34 0.0 2.8 26 |37.3 387 623 860 691 T80 175
Coimbators | 22,1 191 18| 5.4 144 | 164 | 153 | 257 2007 | 1956 | 1930| 1367

MITS = multipla insecticide-tolerant strain, LS = local strain, IC = insacticide control practice, UG = untreated control
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T embryophagum, T. brasiliense and T achaeae. In the
prasence of the haost plant, T chilonis exhibited greater
hast recognitian than other species and could be utilized
for field evaluation against E. vitfela.

Field evaluation of T. embryophagum and T.
chilonis against Opisina arenosella on coconut

Release of T embryophagumand T chilonis @ 1000/
palm significantly reduced the larval population of Q.
arenoselia. The larval population per 20 leaflets was 1 -
4in T chilonis released palms, compared to 0-21in T
embryophagum released palms and these were
significantly lower compared to conbrol (17 larvae/20
leallets). Thus in Trichogramma released plots 76.4 to
100.0% reduction of Q. arenosella population was
recorded during the first generation.

Storage of ‘Tricho’ cards in refrigerator for field
release

Resuilts of storage studies indicated thal 7-day-old
parasitized cards can be stored in a refrigerator for 6 days
and emergence will be completed within 8 hours of its
remaval from refrigerator, The adult emergence declined
sharply after 6 days of storage. Similarly, 8-day-old
parasitized cards can be kept for 9 days bafore making
tield release. This will enable all the parasitoids to emerge
from cards in the field within 28 h and 73.7% emergence
was recorded, Storage beyond 8 days resulted in drastic
decrease in emergence.

Selection for low-temperature and pesticide-
tolerance in Chrysoperla carnea

A strain of C. carnea adapted to low temperatures
has been selected by acclimatizing the predator to low
temperature (18°C). The strain tolerant o low temperature
was developed after rearing for 9 generations at low
temperatures. This strain can be used during winter
monihs against aphids and other pests. C. camea was
exposed to monocrotophos (0.0025%) and Confidor
(0.0005%) far two generations to develop an insecticide-
tolerant strain, The mortality after two generations of
exposure revealed increasing tendency for adaptation to
insecticides. The experiment will continue till tolerance
1o field recommended dosages is achieved.
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Studies on artificial diets for host insects

Opisina arenosella

The modified artificial diet comprising of toddy palm
leaf powder with defatted soya and kabuligram had a
larval survival of 86.6 per cent and pupation of 78.2 per
cant. lts shelf life was 20-22 days. The cost of rearing a
pupa on the artificial diet worked out to Rs 0.87 based on
per cent pupation (78.2), as compared to Rs. 0.71 (82.0%
pupation) on natural diet. Higher fecundity (122.8) and
larval survival (31.9) were obtained when infested gallery
with frass was utilized as a substratum for oviposition.

Artificial digt-reared host sustained the development
of the late-larval parasitoid, Goniozus nephantidis and
pupal parasitoids, Brachymeria nephantidis and B.
nosalol. The biological altributes were comparable with
that of the host reared on natural diet, but the per centage
parasitization was lower.

Plutella xylostella

The soya-based diet with cabbage leaf powder
developed for rearing F xyiostella was further refined.
The diet recorded a larval survival of 61.6 per cent and
fecundity of 7012 compared to those reared on mustard
seedlings (96.0 and 89.6, respectively). The cost of
rearing & pupa on the artificial diet worked outfo Rs. 0.28
based on the per cant pupation of 86.2. The shelf life of
the diet at room temperature (25-27°C) was 18 days. The
diet composition by Texas (A&M} provided very low larval
survival (20.2%}, Aluminium foil dipped in cabbage and
cauliflower leat extract when used as a subsirate for
oviposition provided a fecundity of 74.6 and 50.4,
respectively, while the per centage egg hatch {82.2) and
larval survival (86.6) were higher on cabbage leaf extract.

The percentage parasitization and adult longevity
of the larval parasitoid, Cotesia pluteflae, on artificial diet
reared host was 77.2% and B.12 days, respectively, while
on ihe natural diet-reared host, they were 90.6% and 13.5
days, respectively.
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Studies on artificial diets (AD) for natural
enemies

Cryptolaemus maontrouzieri

An artificial diet was evaluated for rearing C.
montrouzieri. Per cent pupation and adult emergence of
C. montrouzieri on artificial diet were 67.7% and 63.1%,
respectively. On mealy bugs, the corresponding values
were B5% and B3%, respectively.

An attempt was also made to rear the larvae of C.
montrouzieri In groups (10 and 20) on the artificial diet
(AD), Mean developmental time ranged from 20 to 31
days. Larval duration was extended irrespective of the
group size. The adult emergence was poor and ranged
from Sto 27%. Highest survival was recorded in 10/group
(18-27 %), which was less compared to the larvae reared
individuatty (63.1 %), Final instar larvae were found to be
highly cannibalistic on other instar larvae.

Chelfomenes sexmaculata

The mean pupation and adult emergence of two -
to three-day-old larvae reared on AD were 65% and
82.4%, respectively. The corresponding values on natural
diet {aphids) were T0% and 69%, respectively.

Chilocorus nigrita

The pupation and adult emergence of two fo three-
day-old larvae of C. nigrifa reared on artificial diet were
52 and 57%, respectively, and on natural diet the
corresponding values were 81.0% and 75%,

Orius tantiflus

Two-three-day old nymphs of O. fantilus were reared
on artificial diet and insect prey in different combinations.
Highest survival was recarded on Sitotroga eqgs (76%),
followed by Corcyra egys (75%), AD (1) (89 %) and AD {Il)
(57.8%) (diet used for C. camea rearing). Nymphal pericd
ranged from 10.6 (AD-| + beans) to 15.3 days (beans
alone). Longevity of adults varied from 4.3 (on beans) to
30.0 days (on Corcyra eqgs), respectively.

Chrysoperla carnea

Chrysoperla carnea larvae (one-day-old) wers
reared continuously using artificial diet from Fto F|
genarations. Pupation and adult emergence varied from
B6% to 90% (Mean=88%) and 83.0 1o 90.0%

(Mean=86%), respectively, in different generations. When
newly hatched larvae were reared on AD, pupation and
adult emergence were 87.9% and 85.4%, respectively.
Mean pupation and adult emergence of C. carnea were
88.9% and 86.1%, respectively, on Corcyra eggs.

The artificial diet for C. camea could ba stored for
up to 560-570 days in a refrigerator at 5°C. The pupation
and adult emergence were 72.5% and 62.0%,
respectively. The survival started decreasing afier ihis
period.

Studies on insect pathogens
Insect viruses

A nucleopolyhedrovirus from Hellula undalis,
granuloviruses from Pleris brassicae and Helicoverpa
armigera and an ascovirus (suspected) from Spodoplera
exigua, have been isolated and reported for the firsttime,

The NPV of Crocidelomia binotaks when tested
against second instar larvae @ 1x10° OBs/ml through
leaf surface contamination technigque, resulted in cent
per cant mortality within 6-7 days after inoculation,
Pathogenicity of the granulovirus from F brassicae was
confirmed against second instar larvag, causing 100%
mortality, when administered through leaf surface
contamination technigue, without showing any skin
breaking. The incubation period ranged 6-10 days.

For the suspectad ascovirus of 5. exigua, Inoculation
by parental means was found highly infective when
compared fo injection method.

A preliminary study was done on the efficacy of
Plutella xylostalia GV { PxGY) in the green house and the
initial population of 20 was reduced ta 1.3 per plant in
virus freated plants when compared 1o 20 larvae per plant
in untreated contral. Number of leaf holes with feeding
marks was found to be 86% in FxGY treated in potted
plants, when compared to 94% In unireated control. The
yield was higher in PxGY-treated (238 g) plants than in
untreated control (170 g).

The Gv of 8. litwra caused 100% morality of first
instar larvae through diet surface contamination
technigue at five concentrations from 1x10" fo 1x10°
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OBIml. In 37 instar larvae, reduction in larval weight and
leaf area consumed was observed at 1%10% OB/ml.
However they were not statistically significant,

The NPV of C. binotalis was non-cross-infective to
other pests of cruciferous crops such as P xylostella, H.
unidalis, Trichoplusia i, S. fitura and H. armigera. 8. fitura
GV was not cross-infective lo Galleria melionella, H.
armigera, C. cephalonica, E. vittella, P. xylostella and
Bombyx mori. 5. exigua was found to be susceptible.

Bioassays were conducted to study the influsnce of
three varieties of tomato (Arka Alok, Arka Meghali and
Arka Vikas) on the susceptibility of S. fitura to SNPV. The
LG, values for S. fitura on these varieties were not found
to differ significantly. The highest mortality ranged from
93 to 87 per cent at a dosage of 5 x 10 POBs/m.

Pot culture experiments were conducted to find out
the effect of these lomato varisties on the persistence of
HaNPV. Highest moriality of 78-85 per cent was recorded
with samples collected immediately after spraying {zero
day), which decreased to 29.8-33.53 per cent with
samples collected four days after spraying. The original
activity remaining {OAR) after four days ranged fram 30.30
10 39.44 par cent. But there was no significant difference
in the QAR per centage for HaNPV between the varieties.
Similar pot experiments were also conducted to study
the persistence of SNPY, The highest mortality was 90-
91 per cent on zero day after spraying which reduced to
3210 41 per cent four days after spraying. The OAR was
nighest after day one (82-91%), but on day four it ranged
39-45 per cenl. The SWNPV persisted 1.3 times langer
than HaNPV on these varigties,

Entomofungal pathogens
Collection

Thitteen new isolates of entomopathogenic fung
belonging to Beauveria bassiana (Bb-9, Bb-10 and Bb-
11}, Metathizium anisopliae (Ma-5, Ma-6 and Ma-7),
Verticillium lecanii (VI-5, VI-6 and VI-7}, Beauveria
brongniariii (Bbr-1), Nomuraea rileyi (Nr-38),

Paecilomyces fumosoroseus (Pim-1) and Fusarium
pallidoroseurn (Fp1) were collected from various hosts/
cropping systems in different locations,

Development of oil-based formulations of
Nomuraea rileyi

Different vegstable and mineral oils were tested for
their effect on conidial germination of N, rifey, Maximum
germination of conidia was observed in sunflower oil
{79.8%), followed by gingelly ail (75.3%). The germination
of conidia in diesel and kerosene were 71.5% and 68.3%,
respectively. Maximum conidial germination (82,3%) was
observed in the combination of diesel + sunflower oil
[7:3 ratio).

Bioassay of oil-based formulations of N. rifeyi
against S. litura

Conidial suspension in diesel + sunflower oil (7:3
ratio) and agueous suspension @ 1X10° spares/ml were
tested against S. litura on castor leaves. The mortality of
8. litura (74-79%) did not vary significantly between the
two formulations.

Bioassay of fungal pathogens on P. xylostella

Bicassays were conducted on B xylostella with
B. bassiana (11 isolates), M. anisopliae (7 isolates),
V. Jecanil (7 isolates) and P fumosoroseus (1 isolate)
using detached cabbage leaf technique at 107 spores/mi
concentration. Observations on mortality were recorded
on 10" day after trealment. Maximum mortality of
P. xylostella was observed with B. bassiana isolates,
Bb-6 (88.62%), Bb-1 (85.42%) and Bb-11 (84.47%).
Amang the M. anisopliagisolates, Ma-5 and Ma-1 caused
78.44 and 76.23% mortality, respectively. P fumosoroseus
(53.78%) and V. lecanii (20.4 to 38.8%) were less
effective.

Compatibility of fungicides and insecticides with
N. rileyi

Ten commonly used fungicides, viz., carbendazim
(Bavistin 0.1%), mancozeb (DithaneM-45 0.3%), captan
(0.2%), hexaconazole (Contaf, 0.05%), triadimefon
(Bayleton 0.1%}, thiophanate methyl (Themifit 0.1%),
chiorothalonil (Kavach 0.1%), copper oxychloride (Blitox
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0.3%}, wettable sulphur {Sulpheux 0.3%) and Bordaeux
mixlure (1%) and fen insecticides, viz., endosulfan
(Thiedan 0.07%), menocrotophos {Nuvacron 0.05%),
quinalphos (Ekalux 0.05%), chlorpyriphos (Hexaban
0.2% ), dichlorvos (0.1%), profenphos, methyl parathion
(Metacid 0.15% ), cypermethrin (Cymbush €.015%),
trichiorfan and fenvalerate (0.05%) were tesled at
recommented concentrations for their inhibitary effect
on five promising isolates of NV. rileyf (Nr-3, N7, Nr-12,
Nr-17, Nr-26). Carbendazim, mancozeb, captan,
propiconazole, thiaphanate methyl, hexaconazole,
chlorothalonil and tridemefon were highly inhibitory
causing 100% inhibition of growth and conidial
germination in all the isolates. Wettable sulphur, copper
axychloride and Bordagux mixture were less toxic (54.15,
28.03 and 30.42% inhibition of growth, respectively) and
did not inhibit conidial germination. Among the
Insecticides, except fenvalerate, others had a highly
inhibitory effect on all five isolates

Evaluation of B. bassiana, M. anisopliae and V.
lecanii against aphid species

Biomass and spore production of different isolates
of B. bassiana, M. anisopliae and V, fecaniiwere estimated
in stationary and shake cultures of potato dextrose broth
(PDB) medium after 10 days. B. bassiana isolate, Bo-5a
showed maximum sporulation in stationary (62.5 spores|
and shake cultures (362.0}. M. anisopliae isclate, Ma-4
showed maximum sporulation in stationary culture (28.0),
while Ma-2 showed peak production in shake culture
(0.80). VI-2 in stationary culture {7.26) and VI-5 in shake
culture (2.30) showed maximum sporulation.

Spore production of different isolates on rice

Four isolates each of B. bassiana, M. anisopliae,
and V. lecanitwere cultured following the two-stage system
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of mass production (Diphasic fermentation systern) for
the collection of debris-free spare dust, Initially, the broth
culture incculum of respective isolates were grown in
liguid medium (PDB} for three days in shake cultures
and further continued on solid media (rice media) for
growth and sporulation. Spore production, spore dust
recovery and the spore count in the spore dust on rice
media were estimated after 10 days (Table &), Bb-5a,
Ma-4 and VI-5 were the best isolates of the respeclive
groups in terms of these parameters.

Pathogenicity of B. bassiana, M. anisopliae and
V. lecanii isolates to three aphid species

Bioassays with different isolates of B. bassiana, M.
anjsopliae and V/ fecanii were conducted an three aphid
species, viz., Aphis eraccivora, A. gossypil and
Rhapalosiphum mardis by detached leaf bicassay
technigue, using the leaves of their respective host plants,
viz. cowpea, cotion and maize. Observations on morality
of aphids were recorded on 10" day after treatment,
Maximum mortality of all three aphids was observed with
Bb-5a igolate. Bo-5a, Ma-4 and V-1 caused 60.5, 60.0
and 74.0% mortality of A. craccivora and 8.8, 38.0 and
68.0% mortality of A. gossypil, respactively. In case of A.
maicis, only Bb-5a caused 50% mortality.

Field testing of fungal pathogens against
sugarcane woolly aphid

Metarhizium anisophiae (Ma-4) and B. bassiana (Bb-
5a) were tested against sugarcane woolly aphid at a
spore concentration 10°sporesiml in infested sugarcane
figlds (mylar cage study) at Arabhavi in Belgaum district
in Karnataka. Spray of pure agueous spore suspension
of M. anisopliae {Ma-4} caused maximum mortality
(71.33%) with 31.68% mycosis of the aphid (Fig4).
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Fig.d4. Per cent mortality and mycosis of sugarcane
woolly aphids due fo B. bassiana and M. anisopliae

Table 5. Mass Production of different isolates of B. bassiana, M. anisopliae and V. lecanii on rice medium

T
Pathagen Isclate Spore countin Quantity of spore dust : Viable spore
sporulated rice x 10° collected from rice count on spore
spores/g mdia {ma'g) i dust CFUx10%g

B bassiana flik] 2225 2249 15.00

Bbd 36.80 6.00 16250

BhSa 96.00 28.00 470.00

BbE 21.20 10.70 52.00
Iean 44.06 16.78 177.38
M, anisopliae Ma2 24.80 4550 130,00

Mad 29.80 8.20 121.00

Mad 49.80 13.60 250.00

Mas 12.40 580 17.00
Mezn 2920 1853 12950
V. fecanii Wi 1.55 §.10 0.10

Wi2a 1.68 15.60 185

Wi3a 0.23 500 0.15

Wis 17.50 920 17.00
Mean 5.24 973 4.77
CD {P=0.05) f 6.40 . 22.28
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Susceptibility of predator of sugarcane woolly’
aphid, Dipha aphidivora, to fungal pathogens

Laboratory bicassay studies with M. anisopiiae (Ma-
4)and B. bassiana (Bb-5a) were conducted to study their
infectivity to the predator, Dipha aphidivora. at 1X10¢
sparesiml. M. anisopliae (Ma-4) causad 46.34% mortality
with 41.54% mycosis and B. bassiana, 31.25% mortality
with 29.54% mycosis (Fig 5). All the stages of the predator
were susceptible.

Pathogens of phytophagous mites

Periodic surveys for fungal pathogens of
phytophagous mites were carried out. The fungal
species that were frequently found associated with
Tetranychus spp. were Neozygites floridana, Fusarium
spp., Penicillium spp.. Aspergilius spp.. Verticillivm spp.,
and  Acremonium  spp. The broad mite,
Polyphagolarsonemus fatus, also yielded similar kind of
Hyphomycetes. For the first tima, Aceria lifchii was found
infected with putative H. thompsonii. Occurrence of M.
floridana in association with Tetranychus urficae and
Tefranychus neocaledonicus was also studied.
Pathogenicity was proved wherever neaded.

During 2003-04, unusually large numbers of black
cadavers of spider mites infected by N. flondana on the
foliage of tomato, brinjal, cowpes, rose, french bean and

% Mortality

Bb-5a

a4
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Mikania micrantha were cbserved. Micrescopic
examination revealed that mite bodies were crowded with
dark brown resting spores of M. floridana, in T, urficae, the
frequency of occurrence was 22,0% and the maximum
incidence was 42.0%. For T neccaledonicus, they were
14.0% and 34.7%, respectively.

Screening of entomofungal pathogens against
phytophagous mites in the laboratory

Experiments were done to study the infectivity of
fungal pathogens, namely, Hirsutella thompsonii [isolate
MF(Ag|5]. H. thempsonii var. synnematosa [isclate
MF{Ag)27], Sperothrix fungorum [isolate MF(Ag)15],
Verifeillium psalliotae [isolate MF{Ag)22], and
Acremonium sp. [isolate MF(Ag)24] to phytophagous
mites. B. bassiana, M. amsapliae, N. rileyi and V' lecanii
isolates from various insect hosts were screened against
phytophagous mites, T urticae, Tetranychus
neocaledonicus, Polyphagotarsonemus latus and Acaria
litchii. Through the preliminary investigalions, cross
infectivity of difierent pathogens to the four mite species
was proved. Both H. thompsonii and H, thempsonii var,
synnematosa were not retrieved from dead P latus,
although there was mortality of the host. Similarly,
M. anisopliae, B. bassiana, Acremonium sp. and 5.
fungorum were not recovered from dead Tetranychus spp.

Water Spray ~ Control (Mo spray)

l: Tatal merality percart

m  Moralily percant dua fo mycosis |

Fig. 5. Susceptibility of Cipha aphidivora fo M. anisopliae and B. bassiana
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Effect of H. thompsonii on Tetranychus spp.

Expetiments wera done to study the infectivity of the
coconul mite-denived H, thompsonii to T uricae and T.
neocafedonicus in closed Petri dish moist chambers,
open petn dish moist chambers and on cowpea plants
in the shade and under sunlight. Both nymphs and adulis
of the mite species were studied for their susceptibility to
H. thompsonii.

The fungus was able to kill the two Tetranychus spp.
in closed as well as open moist chambers. The
maximurm mortality (100%) of both species was obtained
in closed petri dishes at 5 DAT. Mortality started at 2 DAT
itself, In general, the infection was more in adults than in
nymphs. In the shade, T urticae and T. neocaledonicus
caused up fo 70% motality. However, under sunlight in
open conditions, only around 60 % mortality was noticed.

Scanning electran microscopy confirmed the
pathogenicity of the fungus to the mite species
(Flates 2 & 3).

Effect of H. thompsonii on T. neccaledonicus

These experiments were done on intact plants of
cowpea, brinjal and bhendi in open sunfight. On cowpea,
brinjal and bhendi, more than 70% mortality of both
nymphs and adults was oblained. Adults showed higher
mortality rales at 5 DAT on cowpea (79.8%), brinjal
{73.8%) and bhendi (76.8%}. The incidence of infection
was 50-80% in all the cases and steadily increased fill
the end of observations,

Plate 2. T. urticae infected with H. thompsonii
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Plate 3. T. urticae infected with H. thompsonii

Eifect of H. thompsonii and V. lecanii against T.
neocaledonicus an brinjal

These experiments were done on intact plants of
brinjal in the greenhouse (> 35 °C at daytime). Four
concentrations (1 x 10, 10%, 107 and 10" conidia/ mL} of
H. thompsonif and V. lecanii were tested against T
neocaledonicus.

In the case of H. thompsoni, maximum mortality
(37.75%) of the mite was obtained 10 days after treatment
at the highest concentration (1x10° conidia/mi). The
fungus was recovered from dead mites on the fungus-
treated plants and not on the contral plants. In the case of
V Jecanii, the maximum montality (26.05%) was obtained
10 days after treatment at the highest concentration used.

Effect of H. thompsonif var. synnematosa on T.
urticae

A concentration of 1 x 108 conidia/ml of H. thompsanii
var. synnematosa produced 98.9% mortality of T urticae.
When the mites were allowed fo crawl for five minutes on
amat of H. thempsonii var. synnematosa culiure on PDA
at 28 = 2 °C (day temperature), 98.7% morfality was
observed.

Faster mass production technology for H.
thompsonii

A simple magnetic stirrer technigue for faster mass
production of H. thompsonii var. synnematosa has been
developed and is in the process of applying for a patent.
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Fig. 6: Vield of 5. carpocapsae, S. tami and 5. abbasiin scale-up on artificial media

Entomopathogenic nematodes againstimportant
lepidopteran pests

Mass production of Steinermema earpocapsag, S.
tamiand S abbasiwas tried on modified egg yolk media.
$. tami yielded a maximum of 173x10%js/250 mi aliquot
cultures. Increasing the culture volume did not resull in &
concomitant increase in the productivity of ljs. The
productivity S. abbasi and S. carpocapsae was lower.
Positive correlation was observad between yield of ljs
and flask volume up to 1000 ml (Fig. 8.

Mass production of Heterorfiabditis sp. on suitable
media

Since in vifro mass production of Helerarhabdilis
was found difficult and inconsistent on standard media,
alternate media based on animal sources, beef kidney,
fiver, meat and chicken liver were tested for H. indica
(PDBG EN 6.71) and H. bacteriophora. H. bacteriophora
yield was higher in all the media tested compared to H.
indica(PDBC EN 6.71). Media with beef kidney and liver
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ware found more suitable for both Heterorhabditis spp.
as higher yields were obtained.,

Bioeificacy of EPN isolates against/cardamom
root grub, Basilepta fulvicorne

Steinemema carpocapsae 11, §. bicornutum, 5.
feltias, 5. abbasi, H. indica isolates PDBCEN 13.3 &
PDBGEN 14.2 and H. bacteriophora were found promising
against B. fulvicome causing 100% mortality af 48 h
axposure, followed by S, carpocapsas PDBRCEN 6.11 and
S riobrave and H. indica PDBCEN 8.71

The yield of nematodes in B. fulvicorne averaged
between 44,800 and 1,04,000 |js/grub with H. indica
PDBCEN 13.3 recording the highest, followed by H.
bacteriophora. Amang Sleinernema spp., S, carpocapsae
11 yielded the highest, followed by S. abbasi

Bioefficacy of S. carpocapsae and S. abbasi
against DBM larvae, P. xylostella

Bioefficiency of S. abbasi and S. carpocapsae



against P xylostella larvae was compared using dose-
response assay. Morality of DBM larvae increased as
nematode desage was increased. Total mortality {100%)
was observed at 72 h at all dosages (Fig. 7).

The LC,; values for both species reduced with
increase In exposure time. S.carpocapsae was found
more effective than 5. abbasi against DBM larvae
{Table 8).

Positive correlation was observed between per cent
mortality and time of exposure, LT, values for
concentrations of 20,40 & 60 |js/larva were found to be
31,25 & 23 h, and 34, 30 & 25 h. for S.carpocapsae and
5. abbasi, raspectively.
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Fig. 7: Effect of dose of S. carpocapsae on P
xyfostella moriality

Shelf-life of talc-based formulations of different
isolates of EPN

Viability of ljs of 8. abbasi, 8. bicornutum,
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S. campocapsae and H. indica in falc-based formulation
stored for 10 months was checked in terms of
pathogenicity against final instar larvae of G. mellonella.
Absolute mortality was observed ai 480 post exposure
due to S. abbasi and H. indica 13.3 whereas S.
carpocapsae 11 and 5. bicornutum caused absolute
mortality at 72h. The results indicate that ljs of all the
nematodes were viable and infective in talc-based
formulation for a period of 10 months.

Storage and bulk transport

Palyether polyurethane foam (sponge} was found
ideal forbulk storage and transport of nematodes. Utilizing
this method, S. carpocapsae was stored and transported
to Delhi, Kanpur and Srinagar. Ninety-eight per cent
survival was observed after a 7-day period of shipment,

Antagonistic agents against plant parasitic
nematodes

Substrate media modifications

Different solid substrates, wiz., bran, broken grain,
oil cakes, standard mycological media, efc., were
evaluated for spore production of A. oligospora (PDBC
AO1). The production cycle and yield per cycle on broken
parley followed by broken corn were found to be the besi
{Fig. Ba, b).

Table 6: LC_, and LC,, values calculated from dosage-response assays conducted with S. carpocapsae
PDBC EN 6.11 and &. abbasi PDBC EN 3.1 in lab

Nematode isolate Incubation period LC, Number of Min-max Numberof | LG, Number of
(h) nematoces | nematodes/ nematodes !
larva larva larva
§. carpacapsae (PDBC EN6.11) 24 48 3267 173
48 5 . 19
5. abbasi(PDBC EN 3.1) 24 &1 42-103 263
48 " 0.2-20 36
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Fig. 8a. Influence of solid substrates on chlamydospore production of
Arthrobotrys oligospora (PDBC AD1)
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Fig. 8b. Influence of solid substrates on spore yield/g (log value),
pH and temperature optima of A. oligospora (PDBC AO1)
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Bioefficacy of Arthrobotrys oligospora (PDBC AO1)
against root-knot and reniform nematode
juveniles

On tomato Arthrobotrys oligospora (PDBC AO1)
caused significant reduction in number of root-knot and
renifarm nematedes infecting the roots, root-knot index
and production of females, while the per cent healthy
root increased significantly

270bp W i
ves7? Ve

&
|!
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Molecular identification of antagenistic fungi
(Pochonia chlamydosporia)

The genomic DNA of nalive isolates of P,
chlamyadosparia were subjected to PCR with specific [-
tubulin gene primers (forward and reverse) (Plate 4), 270-
kbp amplicon partially sequenced and deposiled in NGEI
Genbank (accession numbers PDBC VC - AY 593965;
PDBC VC56-AY 603497 and PDBC VC57-AY 642328).

vese

194
T2 118

PhiX174DNA/
Haellll Digest

Plate 4. PCR amplicons of P, chlamydosporia PDBC isolates with B-tubulin gene primers

Behavior of antagonistic fungi and influence of
biotic and abiotic facters on the fungi - Suitability
of soil types for Paecilomyces lifacinus and
Pochonia chlamydosporia

Red laterite, alluvial, loamy and mountain soils were
suitable for effective parasilization of eqg masses of root-
knot and reniform nematodes by the fungi and
multiplication of their propagules. The efficacy of these
fungl was reduced in black cotton sail.

Efficacy of talc formulation of P. lilacinus against
Weloidogyne incognita on gherking

Use of talc formulation (20 kg/ha) of £ lilacinus as
pre-plant treatment against root-knot nematode in gherkin
(Cv. Calipso) resulted in significant reduction in reot-knot
indax and number of egg masses/g root (Table 7).
Application of P filacinus (10 kg'ha) + nematicide,
however, resulted in lowest root-gall index and highast
yield of fruits.
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Table 7. Effect of P, liacinus against root-knot nematodes on gherkin

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

Treatment Plantmortality Root-gall Yieldof MMR * Percent
after germination index(0-5 scale) fruitsfplant (kg) (PiPH) healthy roots

P, facitus 32 24 0.98 1.2 42

Nematicide 444 3.0 087 21 #

F laginus+

namaticide

(at1s dose each) 6.8 1.2 122 1.24 £9

Cantrol 1.8 4.2 0.52 4350 18

CD (P=0.05} 312 1.12 0.28 011 B.54

* NMR= Nematode multiplication rate

Table 8. Efficacy of talc formulation of P lilacinus against root-knot nematodes in okra

Treatment Flant Raot-knot nematade
RKI* Healtny Healthy Egg mass Increase! Reductionin
(0-5scale) oot (%) | plants (%) parasitized {%) nematode populations (%)
PLintalc 28 # 48 56 ()24
Nematicide 22 56 58 4 (-} 22
PL +MNematicide 12 69 77 53 (-} 48
Untreated chack 41 19 35 3 (+} 94
CD {P=0.05) 0.25 7.44 a1 1033 11.14

32

* RK| : Aoot-knot Index

Field evaluation of talc formulation of P. lilacinus
against root-knot nematode on okra

Micro-plot experiments carried out in root-knot
nematode infested farmer's field to evaluate the
perormance of the talc formulation of P flacinus against
root-knot nematode in okra at 20 kg showed significant
reduction in roof-knot index and nematode populations
(Table 8).

Compatibility of Trichoderma sp. and P, lilacinus
with fungicides

Copper oxychleride (1000, 2000, 3000 ppmj,
metalaxyl (50,100, 200 ppm), mancazeb (2000 ppm) and
potassium phosphonate (2000 ppm) in PDA were

_compatible with native isolate of Trichoderma sp. in terms

of mycelial growth. In case of P lilacinus, potassium
phosphonate was more compatible than  other
fungicides.

Management of Phytophthora-nematode disease
complex in black pepper in the green house

Black pepper cuttings treated with a combination of
antagonistic organisms and fungicide, viz,, Trichoderma
sp. + P lilacinus and metalaxyl, mancozeb or potassium
phosphonate and grown in Phytophthora-rooi-knot
nematode sick-soil remained healthy and produced new
buds and young leaves (Table 8).
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Table 9. Integrated management of Phylophthora foot rot-nematode complex in black pepper cuttings

Treaiments Fercentestablishment | Percentsprowtingof | Percemmortality | Roctgalling oftomato®
of biack pepper esfablished (10 days} (0-5 scale)

cuttings (10 Days) cutlings {15 days)

Trichodarmasp. +

P lilacius (4g eachipot) a0 0 1] 1.5

tMancozed {100ppm) & o] 20 1.5

Akomin (2000ppn) a0 0 0 1.8

Trichodermasp. + P iilacius

(4 g eachipod] + Mancozeb {100ppm) 8 ] i} 1.0

Trichodarmasp. + B liacinus

{4 g eachipot) + akomin (2000 pom) 1} 0 X 14

Trichodermasp. + P llacinus

(4g each/pot}+ neem cake Y] 60 D 14

Trichodermasp, + P lilacinus

(4g eachipat) + Mancozeb {100ppm+

neemcake (20g/pot) 100 10 ]

Trichodermasp, + P flacinus

{40 2ach/pot) + akomin (2000ppm) +

nagm cake (20gpot) €N o 10 B

Healthy 100 100 0

M. incognila+ Phytophihora 4 0 B 28

Cultures of host insects/ parasitoids/
predators/ nematodes/ antagonists/
pathogens

Host cultures

Cultures of Corcyra cephalonica, Chilo partefius,
Phthorimaea operculella, Plutella xvlostelia, Helicoverpa
armigera, Spodoptera litura, S. exigua,, Aphis craccivora,
Ferrisia virgata, Planococcus citri, Hemiberlesia lataniae,
Tetranyehus neocaledonicus, Opisina arenosella,
Galleria meflonella, Trichoplusia ni and Crocidolomia
binotalis, are being maintained on natural food or arfificial
diet.

Parasitoids
Campoletis chiorideae, Eriborus argenteopilasus,

Telenomus sp., Encarsia guadeloupas, Cotesia flavipes,
Cotesia pluteltae, Goniozus nephantidis, Brachymerla

nephantids, B. nosatof, and Coccidoxenoides peregrinus
and eleven species of Trichogramma and eleven of its
strains are being maintained.

Predators

Cheilomenes  sexmaculata, Coccinella
septempunctata, [schiodon scutellaris, Cryptolaemus
montrouzieri, Scymnus coccivora, Pharoscymnus homi,
Chilocorus nigrita, Chrysoperla carnea, Mallada
boninensis, M. astur, Apertochrysa sp., Cardiastethus
exiguus, Orius tantillus, Blaplostethus pallescens,
Brumoides suturalis, Paragus serratus and Curinus
coeruleus are being maintained.

Insect pathogens

Nuclear polyhedrosis viruses of H. armigera and S.
fitura and granulosis virus of P xylostella are being
maintained on their host insects. A culture of Nomuraea
rifeyi, a fungal pathogen, is maintained.
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Antagonistic fungi maintained {with number of
isalates in parentheses) are Trichoderma harzianum (20},
T viride (32), T, hamatum 1), T virens (12}, T koningi (1],
T pseudokoningi (1), T piluliferum (1), T. longibrachiatum
(1), T. palysporum (1), and Chaetornium globosum {1).

Bacterial antagonists (number of isolaies in
parentheses} maintained are fluorescent pseudomonads
[96), Pseudomonas fluorescens (24}, Pseudomanas spp.
{4), Alcaligenes odorans (1), Bacillus sublilis (4), Bacillus
thuringiensis (6) and endophytic bacteria (35).

Entormopathogenic nematodes maintained are
Steinermema glaseri(1 strain), S. carpocapsae (2 sirains),
S. bicornutum {1 strain) and Heterorhabditis indica (1
sirain).

The nematophagous fungilbacteria maintained are
Arthobotrys oligospora, Fusarium oxysporum (4 isolates),
F sporotrichoides, Paecilomyces lilacinus {5 isolates),
Phoma glomerata, Trichoderma harzianum (7), T viride,
Verdicillium chlamydosporium, Pasteuria penefrans {5
isolates) and Pseudomonas flourescens (3 isolates),

An isolate of parthenium leaf spot disease WF (Ph)
30 of Fusarium pallidoroseum (Cooke) Sac. (=F.
semitectum Auct.) is maintained.

Shipments

Four hundred and ten shipments {comprising of 85
host insact cultures, 51 predatory cultures, 130 parasitoid
cultures, 82 insect pathogens, 45 antagonists, 2 EPNs
and 15 weed insects) were sent to different research
organizations as nucleus cultures or as finished products.
Twa multi-cellular trays for rearing Helicoverpa armigera
were also supplied.

Software development

Expert system ‘BIORICE’ was developed for bio-

conirol of rice pests. The software can work as an expert,
in the absence of a scientist. Based on the pictures of the
pest or symptoms, the pest can be identified and big-
control measures are suggested for the pest, Information
about the morphology, geographic distribution, natural
enemy complex, host range, IPM and scope for further
tasearch are included in the software. A picture gallery is
provided for the natural enemies.

National Information system on Biological
Suppression of crop pests

To improve the information system 'PDBC-
INFOBASE', hundreds of pictures were collected and
included in the software.

Knowledge Base System of H. armigera and its
natural enemies

“Helico-info”, a CD, has been developed to help
scientists, researchers, extension workers, NGOs and
farmers to getinformation about H. amigeraand its natural
enemies for successful biccontral. The CD gives details
about the taxanomy, bienomics, distribution, biocontrol
and natural enemies of the pest The species of
Helicoverpa/Heliothis and population dynamics of H.
armigera in relation 1o abiotic factors are also added.
Video clips on the biology of H. armigera have been
included.

Decision support system for identification of
potential natural enemies and pesticides safer to
natural enemies

A software “Safer pesticides in biccontrol” has been
devsloped in Vigual Basic 6.0, which gives information
about pests on different crops, natural enemies and
pesticides that are safer to these natural enemies. This
would help the users o selectinsecticides safer to natural
enemies.
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Bioclogical suppression of sugarcane pests

Survey and surveillance ot woolly aphid and its
natural enemies

IISR

Severe infestation was noticed in adsali crop (var.
CoB014, CoB6032, CoB011) in Pune, Satara and Sangli
districts of Maharashtra. Two predators - Dipha
aphidivora (Pyralidae) and Micromus sp. (Hemerobiidae)-
were widely prevalent. Releases of D. aphidivora and
Micromus sp, were made in different villages of
Pravaranagar area, which subsequently got established.

MPKY

Dipha aphidivora, Micromus spp. and a syrphid were
observed on the woally aphids. The aphid incidence was
recorded in January, 2003 and persisted up to middle of
April 2003 with a peak (44.22 to 48.8 aphids/ 2.5 em?/
leaf) during 47 and 5" met. weeks, i.e., in the second
fortnight of January. The pest incidence was not observed
at temperatures beyond 3% C. Peak activity (50.3t0 53.2
aphids/ 2.5 om? leaf) was observed in July-August and
declined after September, 2003. D. aphidivora was
noliced in 26" Met. week (last week of June, 2003) and
its activity peaked from middle of August till the end of
Seplember {4.0 fo 8.0 larvae/leaf), Aphid population was
nagatively and significantly correlated with maximum
temperature {r = - 0.4774), and significantly and positively
carrelated with relative humidity (evening) (r = 0.34906}.
The populations of woolly aphid and D. apfidivora were
positively correlated, The farvae of D. aphidivora were
parasitized by Apanteles spp. (4%) in January 2004.

AAU

At the Sugarcane Research Station, Buralikson, the
aphid appeared from July till the month of February 2004,
D. aphidovarg appeared in July 2003 and ils activity was
host density-dependent. An unidentified coccinellid
predator was also observed in September-October.
Maximum and minimum temperature, and total rainfall
were positively correlated with the pest population,

CCSHAU

In Haryana, minor incidence of the aphid was noticed

in a village in Yamunanagar district in 2002-03. All
guaranting measures were adopted including burning
of cane residues in sifu in infected fields, which resulted
in a completely pest-frae crop. [n westem Uttar Pradesh,
the infestation varied from light fo severe in Gangeshwar
sugar factory zone, Deoband and Triveni Sugar factory
zone, Khatouli. The predators included syrphids,
ladybirds, and Chrysoperia carmea.

ANGRAU

Aphid incidence was noticed in Medak and
Mizamabad districts of Telangana region, West Godavari,
East Godavar, Krishna, Visakhapatnam, Vizianagaram
and Srikakulam districts in coastal Andhra region and
Chittoor in Rayalaseema region in fresh and ratoen crops.
Crop at drooping stage was found 1o be more susceptible.
Syrphids, chrysopids, coccinellids, and D. aphidivora
were also recorded.

Maintenance and supply of Epiricania
melanoleuca for use against Pyrilla perpusilla

PAU

The cocoons of E. melanofeuca were collected in
large numbers frem Mawanshahar mill area and
redistributed over 4 ha al Karni Khera village (Dislt.
Ferozepur), where it was absent @ 4000/ha. The pest
was brought under control within a month.

CCSHAU

Epiricania melanoleuca and the eqg parasitoid,
Opencyrius papilionis were mass-produced and supplied
to the farmers of Haryana state for redistribution in 3788
and 6325 acres of Pyrilla-infested sugarcane fields.

Evaluation of EPN and Beauveria brongniartii
against white grubs

CCSHAU

The EPN Heterorhabditis indica (0.5, 1.0 and 1.5
and 2.0 billion lJs per hectare) and B. brongniarti 1x10",
1x10" and 1x10™ spores/na were applied along the
furrows coinciding with first instar stage of the grub.
Phorale @ 2.0 kg a./ha was used for comparison, The
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pre-treatment mean population of grubs per meter row
length ranged from 3.1 to 5.5. At 30 days after application,
the EPN treated plots contained a mean of 26 1o 4.7
grubs/meter row length, being minimum in the plot
receiving the highest number of infective juveniles. With
B. brongniartii treatments, the reduction in grub
population varied from 11.8 to 23.68 per cent, the maximum
being at 2x107 sporestha. insecticide treatment caused
a papulation reduction of 58.3 per cent.

Field evaluation of Trichogramma chilonis against
Chilo tumidicostalis and Chilo infuscatellus

AAU

At the Sugarcane Research Station, Buralikson, T,
chilonis releasas @ 50,000 / ha at 10 days interval (9
releasesinall} on variety Dhansir (Co BLM 9605) reduced
the damage due to Chilo fumidicostalis by 63.64% over
control (farmers’ practice) and gave higher vield (78t /
ha).

PAU

The efficacy of T. chilonis = Ludhiana strain (eight
releases @50,000/ha at 10 days interval, during mid-April
to June 2003) against early shoot borer, Chilto
infuscatelius, was studied in figld trials on varisty Cod 83
at Mehli village (Nawanshahr dist.) and compared with
chemical control {Padan 4G @ 25.0kg/ha) and untreated
control. The incidence of early shoot berer in parasitoid-

released field {9.80%) and chemical control (9.40%) was
on par and significantly less than that in control (21.40%).
The reduction in damage was 54.2 over chemical control
and 56.1 per cent over untreated control, The egg
parasitization {37.4%) and yield (578.4 gfha) were higher
in parasitoid-released fields than in chemical control and
untreated control.

Field evaluation of Trichogramma japonicum
against Scirpophaga excerptalis

ISR

Temperature-tolerant strain of T japonicum
@ 1,00,000/ha at weekly interval (at start of egg laying in
each brood, i.e., 2 releases in each brood) and pupal
parasitoid, Tefrastichus howard! (5.000/ha once at pupal
stage in each brood), were evaluated at IISR farm {var.
Colk 8102} along with application of carbafuran {1 kg
a.l/ha against Il brood of top borer anly in synchronization
with pest activity during the:last week of June), Top borer
incidence (Il brood) ranged 1.95-3.15 in released fields
and was on par with control (Table 10}, Incidence of lll
brood was 16.53-19.24% with release of bioagents as
against furadan application (13.88%) and control
{26.14%). The suppressive role of bioagents was
significant in 1l brood of top borer, but not In IV and V
brood possibly dug to heavy rainfall around the time of
their release.

Table 10. Field evaluation of temperature tolerant strain of Trichogramma faponicum and Tetrastichus
howardi against sugarcane top borer, Scirpophaga excerplalis

Treatment Incidence of top borer (%) Yield (tha)
Il brocd 1l brood Woroed | Vbrood

Trichogramma fapanioum 1.95 18.028 29.49 1168 90.88

T + Tetrastichus howard 268 19.24" 30.35 12,79 BEAD

T howardi 221 16.55" 28.23 823 8733

Furadan 3 G 310 13.88° 2885 14.06 1031

Control 315 2603 28.86 12.32 91.77

*Means followed by the same letter are not statistically significant (P=0.05) by DMRAT
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PAU

Release of T japonicum (6 times at 10 days interval
fram May to June @50,000 per ha) was compared with
chemical conirol and untreated control at Mansurpur and
Haripur (Distt. Jalandhar). At bath locations, the incidence
of top borer was significantly higher in control
(mean=22.80%) than in parasitoid released (10.80%) and
chemical control (3.74%) plots. Egg parasitization of S.
excerptalis in released plots was much higher
{mean=19.59 %) compared to chemical control (2.42
%) and unfreated control (2.50 %), The yield in the
parasitoid-released field (568.0q/ha) and chemical control
(571.4g/ha} was on par and significantly higher than
control {475.0t/ha) at both locations.

Biological suppression of cotton pests
BIPM for Bt cotton

ANGRAU

BIPM practices were evaluated on Bt and non-Bt
cotton at Agricultural Research Station, Warangal, duning
kharf 2003-04. Damage due to H. armigera was higher
on non-Bt cotion than on Bt cotton. At 45 DAS, population
of sucking pests was higher with farmers practice than
with BIPM, both on Bt and non-Bt cotton. Aphid population
was lower on non-Bt cotton with BIPM than oh Bt eoton

it
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with farmers' practices (Table 11). In general, sucking
pests were more when farmers' practices were followed.
Seed lreatment with Gaucho was effective in checking
sucking pests only in the early stages of the crop. At 60
DAS, sucking pests, especially aphids and whiteflies,
started flaring up, but their overall incidence was lower
on non-Bt cotfon,

Bt cotton recorded considerably less square and
boll damage in both BIPM and farmers' practice medules,
Non-Bt cotton with farmers' pracfices recorded highest
square and boll damage. Bollworm damage was slightly
higher on Bt cotton with farmers' practice than with BIPM.
Egg parasitist was higher in Bt cotton + BIPM than in
nen-Bt cotton + BIPM, but negligible on both under
farmers’ practice. Bt cotton under BIPM supported the
highest coccinellid population than non-Bt cotton under
BIPM (Table 12). Spider population was higher with BIPM
on hoth Bt cotten and non-Bt cotton, Bt cotton gave higher
yields both with BIPMW and farmars’ practice.

GAU

The bud, boll, and locule damage was significantly
lower on Bt cotton with BIPM package than on non-Bt
cotton with BIPM and farmers' practice. The damage to
the locules due to £ vittella was also significantly lower
in Bt cotton+BIPM. The population of sucking pests was
significantly lower on Bt cottan with BIPM than on non-Bt
cofton with farmers’ practices. The yield of Bt cotion with

Table 11, Bicintesive Pest Management (BIPM) for Bi-cotton

Treatmant Sucking pests / 15isaves % Damage by boll worms Yigtd

Aphid Jassid Whitefty Bud Boll Locules (ka'ha)
Ev Pg

Bt cotton+ BIPM 249 1.65 1617 361 3B4- 5.26° 5.55° 2611+

MNer-Bt catton+ BIPM 7.53 21z 24 14.58° | 21.02° | 21.82° 29.79¢ 1825"

Bteotton+famers' practices 338" 1.84® e 4435 4520 [ a9 G640 2514+

Man-Bt cotton + fammers’

practices 817 2310 2.35¢ 15477 | 23.04¢ | 22.22¢ 31.050° 1708

* Means followed by the same lelter are not significant statistically (P=0.05] by DMRT

Ev- Earias vittella, Py- Peclinophora gossypialla
37
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BIPM was significantly higher than that of non-Bt cotton
with farmers’ practices.

MPKV

The damage caused by Earias spp. (squares and
bolls) was statistically lower on Bt cotton bath with BIPM
and existing package of practices than on non-Bt cotton.
Bt cotton with BIPM package gave maximum kapas yield
(1815 kgtha), but was on par with Bt cotton with existing
package (1650 kg/hal. Sucking pest population (aphids,
jassids, thrips and whitsflies) was lower on 8t cotton with
existing package of practices (25.36, 6.12, 43.24 and
2.02, respectively). Mite population was least on Btcotton
with BIPM package (1.88/three leaves). Population of
natural enemies (coccinellids and chrysopids) was
maximum on Bf cotton with BIPM package (11.20 and
14.90/five planis, respectively).

PROJECT DIRECTORATEOFBIOLOGICAL CONTROL

UAS, Dharwad

In general, the growth of Bt cofton was Detter lhan
non-Bt cotton crop despite the deficit rainfall received in
2003, The incidence of sucking pests and bollworms
was less due to moisture stress. Hence, the yield levels
were less during the current season, The mean aphid
population per leaf showed significant difference in BIPM
compared to RPP packages. But no significant difference
was observed betwaen Bt and non-Bt cotton under BIPM.
A higher mean thrips population was recorded on Bt and
non-Bt cotten with BIPM package than with RPP
(Table 13).

The natural enemies, particularly syrphids, were
significantly more in BIPM treatment than in RPP an both
Bt and non-Bt cotton. The population of coccinelids was
more on Bt cottan with BIPM than in RPP package. The

Table 12. Natural enemies in different treatments of Bt cotton at ANGRAU, Hyderabad

Traatment Mean papulaiion of natural enemies per 25 plants Per cent T chilomis
Cc Cs G 5 R

Btcotton + BIPK bl 52 1847 6.83 1.83 1375

Non-Bt cotion + BIPM 65, 50 47.83 18.0 .50 1.67 2733

Bt cottor+ famers’ practices 48,30 40.50 1.67 4.67 4.33 14.33

Non-Bi cotton + farmers' practices 33.50 3187 7.0 2.83 L h BA7

Cc: C.camea (E+L+A); Cs: G sexmaculata (E+L+P+A), G: Geocoris (N+A);

S: Staphylinids {adults) and R: Rogas (cocoens)

E=Eqggs: L=Larva; P=Pupa; A=Adults

Table 13, Incidence of sucking pests on Bt and non-Bt cotton at UAS, Dharwad

Treatment Sucking pest populationfeaf (mean of 3 observations)
Aphids Thrips Leathoppers
Btcotton+BIPM 6.25 44.08 323
Non-Bt catton+BIPM 833 44.00 241
Bteetton+RPP 466 31.75 341
Nan-Bt cotton+RPP 4,35 3280 255
CD (P=0.05) 122 126 1.04
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Table 14. Evaluation of pesticide tolerant strain of T. chilonis on cotton at village Khuban (Distt. Ferozepur),

Punjab, during 2003

Parameters Releases of T chilonis PAU spray Schedule Control
PT strain PAU sirain
Incidence among fruiting bodies (%)
Sew 0.96" 048 0.90 5993
Ha 7.2 B4pav .50k 44 B7 <
Total 7980 B.88=* 10.40° 30.87¢
Incidence ameng green bolls (%)
SBIY n.gre 1.20% 1.94¢0 5210
Ha B.o6*" 9.94% 13.18°* 38.00¢
Total 9.83¢ 11.14¢ 15.12°0 43206
Parasitization of H. armigeraeqgs 10937 9.14¢8 0.00¢ 1.20°
Yield (gfha) 16122 15.80= 15.10° 2.48°

Variety: Ankur 651, * Means followed by the same letter in a horizontal column are not significant statistically (P=0.05) by DMRAT,
SBW= Spotted bolwerm, Ha= Halicoverpa armigera, PT= Pesticide tolerant strain

chrysopid population was higher in BIPM plots {B.56 /
plant) than in RPP plois (4.75 per plant). The mean per
cent bollworm damage was the least on Bt cotion with
BIPM (12.18}/RPP (14.58). The highest mean holl
damage was recorded on non-Bt cotton under RPP
(18.50).

The yield of seed cotton was significantly higher in
Bt cotton + RPP (13.0 g/ha) than in Bt cotton + BIPM {11.0
gha). Non-Bt cotton + RPP (12,25 g/ha) yielded on par
with these. The lowest yield was recorded in non-Bt +
BIPN {8.50 gfha). Thus, Bt cotton under RPP or BIPM
perfarmed better in terms of reduced pest load and higher
seed colton yield. The per cent egg parasitization of
bollworms by T. chilonfs was significantly higher in BIPM
{12.75 %) and the least (5.25%) on non-Bt cotlon with
RPP.

Evaluation of pesticide-tolerant strain of
Trichogramma chilonis on cotton

PAU

In & field trial at Khuban village (Distt. Ferozepur),

the individual and cumulative incidence of spotted
bollworm and H. armigera among the intact fruiting bodies
was significantly lower with releases of pesticide-tolerant
and local strains of T chifonis and PAU spray schedule.
The incidence of bollwoerms amang intact fruiting bodies
and green bolls was significantly lower with pesticide-
tolerant strain of T chilonis than PAU spray schedule, but
on par with PAU strain of T. chilomis. The parasitisation of
H. armigera eggs was higher when pesticide-tolerant
strain was released and was significantly betier than that
with PAU strain. The highest yield was obtained with
releases of pesticide-tolerant strain, on par with PAU strain,
which in turn was on par with PAU spray schedule
{Table 14).

TNAU

In field trials with LRA 5166 cotion, marginal but
significant control of H. armigera larval populations was
obtained In plots receiving pesticide-folerant
Trichogramma and insacticide application compared to
insecticides alone and susceptible Trichogramma
release + sequential insecticide application {endosulfan
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1-and 4, phosalone 2, quinalphes 3 and 5, chlorpyriphos
8, monocrotophos 7 and 8" spray). These treatments
and insecticide check were significantly superior to
control in reducing the larval population (Table 15).
Highest level of parasitism {31.6%) was recorded after
the fifth release of pesticide-tolerant strain, which was
significantly better than releases of conventional strain
{26.4%). Least activity of the parasitoid was noficed in
plots receiving insecticides alone (1.2%) and control
(4.4%) after the fifth release of the parasitoid.

Damage to fruiting parts was significantly reduced
in treatments with pesticide-tolerant and pesticide-
susceptible T. chifonis + sequential insscticide
application, Higher seed cotton yield was obtained in
plots receiving Trichogramma freatment and insecticice
application {2006.5 and 1956.3 kg/ha), than insecticide
application (1929.0 kg/ha) and control (1366.5 kg/ha).

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

GAU

The insecticide-tolerant strain and local strain were
equally effective in raducing bud, ball, and locule damage
due to bollworms. The per cent parasitism obtained was
slightly higher with the tolerant strain than In other
treatments. Lowest parasitism was recorded with farmers’
practices (Table 16].

Standardization of release points for
Trichogrammasp. (to be released @ 1,50,000/ ha/
week)

GAU

Trichogramma chilonis releases at 200 points were
significantly more effective than those at 150 poinis and
100 points, The bud and boll damage and locule damage

Table 15. Field evaluation of multiple pesticide-tolerant Trichogramma chilonis against H. armigera on

cotion (var. LRA 5166)

Traatments Insecticide application days atter sowing (DAS)
Pre- Spray 1 Spray 2 | Spray3 | Spray 4 | Spray 5 | Spray 6 | Spray 7 | Spray 8
Ireament (68} ] (#5) (94) {105} e | e | e
Tichogramma releases afterinsecticide application [DAS)
Reloase | | Release 2 |Refeasa 3 | Asleasad | Release 5 | Release 6| Aelease 7| Release 8
(70} {80} (88 (98) (112] (125) (140) [147)
Population of H, ammigera’i0 plants after spray application and Trichogramrma release"*
GDAT BDAT aDAT ADAT 10DAT TOAT | BDAT | 9DAT
Trchogramma chilonis
{pesticide tolerant strain) +
saquentiainsactics
appicaton” 42 46 56 6.4 36" 44 28 16 i
Trichogramma chilonis
(pesticide susceptible strain) +
sequentialinsacticida
applicabon 4.6 44 5.8 T 3.8 5 34° 1.2 Q.4
Insecticide alone 42 3e Py 6.0 3.8 5.8 16 0.z o2
Control 48 Ex 108t (L} 102" 148" BA 6. b4

Endosulfan spray 1 and 4; Phasalone spray 2; Quinalphos spray & and 5; chlorpyriphos spray & monocrotophos spray 7 and B Obsarvations

racarded days afler each spray application; In vertical columns, means follawed by similar letiers are not diflerent statistically (P=0.03) by DMRT
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Table 16. Efficacy of pesticide-tolerant strain of Trichogramma chilonis against cotton bollworms at GAU

Treatment % damage by boll worms percent Yield
Bug Boll Locules Tehiforis {kg./ ha.)
Ev g
Tolerant strain 1545 19.320 20,96° 2198° 33.00 1978=
Local strain 15.80° 19.47% 21.20* 215" 29.33 18927
Farmers' praclice 16.19¢ 2n.gze 2245° 281" 9.16 1817
Contral 23320 28.52" 34.01° 36.15° 15.50 1330°

* Means followed by the same letter are nat significant statistically (P=0.05) by DMRT

due 1o E.vittella were also significantly lower in this
treatment,

PAU

Releases of adult trichogrammatids were betler than
use of tricho-cards. The incidence of spotted bollwoms,
H. armigera and fotal incidence among intact fruiting
bodies and green balls in control were significantly higher
than in other treatments, The tofal bollworm incidence in
green bolls was lowast with releases of adults and was
on par with releases as parasitized egg cards at 150 and
200 pointsiha, but was significantly lower than that at 100
points (Table 17).

The parasitisation of H, armigera eggs was highes!
in adull releases, but on par with releases at 200 points
{14.83%), but significantly higher than thal at 150 and
100 points. The seed cotton yield in T. chilonis released-
plots was significantly higher than that in control. Adult
releases resulted in higher yield than tricho-cards.

Influence of cotton cultivars / hybrids on the
parasitization efficiency of Trichogramma chilonis
(GAU)

Ameng five cullivars tested, desi hybrids G.Col.16
and G.Cot.10 recorded lower bud (12.94 and 13.39,
respectively) and boll damage {17.71 and 18.41,
respectively), but also gave lower yields (1100 and 1030
kg'ha, respectively). The other hybrids - G.Cot.Hy.6, Band
10 - did not differ much with respect to bud and boll
damage. Parasitism levels of T chilonis were lower in

desi hybrids in general (16.67-18.83%) and did rot differ
much between cultivars.

Evaluation of Nomuraea rileyi against H. armigera
on cotton (TNAU)

in field trials, N. rileyi formulations {aguesus and oil-
in-water emulsion} were as effective as endosulfan 0.07%
after second spray in reducing the larval incidence.
Damage lo fruiting parts was significantly higher in N.
rifeyi-ireated plots than in insecticidal control,
Correspondingly, higher boll retention was noticed in
endosulfan-ireated plots compared to fungal treatments.
Yield was significantly higher in insecticide-treated plot
than in N. rileyi treated plots (Table 18).

Biological suppression of tobacco pesls
(CTRI)

Biological Control of Helicoverpa armigera on
tobacco

Mean larval population of H. armigera per panicle
at seven days after treatment was significantly lower in
plots treated with B.ikurstaki@ 1 kg/ha (0.83) than in all
other treatments. There was no significant difference
between N. silevi @10% conidia /ha (1.77) and N. rileyi
@10" gonidia /ha {1.80), which were on par with NPY
@1.5 % 10% PIB/ha (2.23).

Laboratory observation of field pepulation alse
indicated that the mean per cent larval mortality of H.
armigera was highestin B.tk. (25%), followed by Ha NPV
(20%), and N. rifeyi @ 10" conidia and 10" conidia (12.5
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Table 17. Standardization of release points for Trichogramma chilonis at Khuban (Distl. Ferozepur), Punjab,

during 2003
Parameters Releases ol T ehiloms (Tricho-cards and adulis)
100 pointaha 150 paintha 200 points'ha I Aduits E Central

Incidence ameng fruffing bodies (%)

SBW 3.54 275" 2.63* 2.04% 547

Ha 26.64° 22.30 18.85% 15.58 4336

Total 30.18° 25.05" 21.48"0 17630 48094
Incidence among green bolls (%)

saw 580¢ Fag® 500 430 7477

Ha 2575 2467 23407 22574 ag:58°

Total J1.55% 29,90+ 28.30° 2687 4705
Parasilisation of H. armigera egas 10,144 11.99¢ 14838 17412 1.13%
Yigld (Qha) 6.80° 7.10¢ 7.62" 8.29% 2757

Variety: Ankur 851, SBW= Spotted bollwarm, Ha= Helicoverpa armigara
* Means followed by the same letter are not significant statistically (P=0.05) by DMRT

Table 18. Field efficacy of formulations of Nomuraea rileyi against H, armigera on cotton {Var, LRA 5166)

Treatments Squara damage Boll damage Bolls retained/ Yield

%) (%)" 5 plaris (kgyha)
Pre-treatment Aftartreatment’

N, rileyfaguenus SUSpPEnsion

(5x10"sporestha) 23.29 21.8° 15.4° 103.6" 1585.8"

N, rileyioil in water ermulsion

{5x 10" sporestha) 27.84 19.5° 17.20 104.8" 1890.3°

Endosulfan 36 EC 0.07% 27.18 2% 13.2 1.3 19685

Control 24.27 39.4° 2840 1.2 1643.5°

In vertical columns, means {of five replications) followad by similar etters are not statistically different (P=0.05) by DMAT,

and 10%, respectively) compared to control plots (5%).
Incidence of Campolelis chiorideae was not noticed In
. rilayi treatments,

Identification and utilization of biocontrol agents
for the management of Spodoptera exigua

Apanteles sp., Chelonus formosanus and Penibasa

orbata were the principal parasitoids of 5. exigua in
tobacco nursery,

Among four types of tobacco tested in the field, the
highest mean per cent parasitization of S. exigua by T
remus (27.38 %} and Glyptapanteles africanus (33.77%)
ware obtained on Lanka tobaceo. Lowest parasitization
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by both parasitoids occurred on Turkish tobacco (5.65
and 8.58%, respectively).

Biological suppression of pulse crop pests
Pigeonpea

IPM demonstration on pigeonpea
TNAU

The field efficacy of IPM package against major
pests on repreductive parts was evaluated al Puthur
village. Blister beetle infestation was significantly reduced
{from 11.8 to 2.1 bestles / 3 shoots) after application of
NSKE 5% coinciding with the peak beefle activity after
the first two rounds of spraying. Incidence of H. armigera
and damage fo flowers were significantly reduced in plots
freated with HaMPV compared to control. The pod and
seed damage was significantly lower in IPM package
than control, Seed yield was higher (1246.8 kg/ha} with
IPM package than in control (720.2 kg/ha). The net C: B
ratio was 1:3.86.

GAU

Tne IPM package reduced the number of larvae/s
plants (4.0%), pod damage (5.04%] and grain damage
[3.26%) and gave higher yield (1378 kg/ha) than farmers'
practices {15 numbers, 9.1%, 5.8% and 1063 kg/ha,
respectively).

ANGRAU

Larval population of H, armigera was less (34.58/10
plants} in [PM block than in farmers' practice (45.08/ 10
plants). Pod fly and pod wasp incidence did not vary much
between IPM and farmers' practice. Yield was higher
(1726 kgiha) in IPM than in farmers’ practice (1667 kg/
hay.

Evaluation of EPN (Heterorhabditis indica) 2gainst
Mylabris pustulata and lepidopteran pod borers

ANGRAU

Application of H. indica @ 0.5-2.0 billion'ha effectively
contralled larval populations of H. armigera three days
after application, the least population (9.60] being atthe

highest dosage (2.0-billions/na), followed by that (10.80)
at 1.0 bilion/ha. At 7 days after spray, similar trend was
observed (9.00 and 10.80 at 2.0 and 1.0 billion/ha,
respectively), The per cent pod damage also was
minimum (11.0) at 1.0 and 2.0 billion /ha. Yield was
maximum (1522 Kgiha) when 2.0 billion EPN /ha was
applied.

TNAU

In a field trial at Puthur village, reduced larval
population of H. armigera due to EPN @ 2.0 billion ijs/ha
compared to endosulfan application was recorded.
Reduced dosage of nematode application resulted in
insignificant control.

Biister heetle population during the period of study
ranged 3.22 - 4.8 at 10 days after 1% application and
1.02 - 2.0 after 10 days of the third application. The beetle
mortality was also insignificant in all the plots (1.8 1o
6,6%). Pod damage was significantly lower in endosulfan-
treated plots {16.8%), followed by EPN @ 2 billion iha
(21.3%). A reduction in dosage of nematode resulted in
increased pod damage on par with control, The grain
yield was significantly higher in endosulfan treatment
(704.8 kgiha) than in EPN @ 2 billien ls/ha (678.5
kgina).

GAU

Larval population of H. armigera did not vary much
between contral and EPN treatments. But yield was
higher with EPN @ 1.5 billion / ha {1300 kg/ha) and 1.0
billion / ha (1248 kg / ha) when compared 1o control
(1100 kg/ha).

Soybean

Evaluation of BIPM package on soybean

NRC Soybean, Indore

BIPM package was more effective against soyabean
pest complex than farmers’ practice. The comparative
performance of BIPM and farmers' practice against
soyabean pest complex is summarised in Table 19.

MPKY
In a field tr_ia_l at Pune, BIPM practice including
release of Telanomus remus for S. fitura and T. chilonis

43



Annual Report

44

i

2003-2004

Table 19.E\ralualion_ of BIPM in Soybean

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

Incidenca of insect pests and yield BIFM Farmers' practice T value
Blue beetle {Crneorane spp.)/mr* 152 287 1097
Linseed caterpillar (8. exigua) —larvasimrl 0.54 2.28 10.42*
Gram pod borer (H. armigera) — larvasdmri 0.21 0.69 B.34"
Tobaceo caterpillar (8. fitura) - larvaa/mil 0.50 1.7 16.04"
Green semilcopers | Chrysodeiis acuta) - larvagimil 0.40 1.76 15.94°
Girdle beetle (Obereopsis brevis) - plantinfestation (%} 0.02 28,57 23.58"
Stern fly (Melanagromyza sojae) - stem tunneling (%) 3.20 6.24 6.61°
Mean grain yield (g/ha) 37.36 29,4 7.52

* meter row fength

for H. armigera @ 1,00,000 parasitoidsiha and spraying
SINPY (@ 1.5 x 10™ POBs/ha) depending on the
incidence of the pests significantly reduced the larval
population of S. fitura over farmer's practice. The grain
yield was higher with BIPM package than farmers’
praciice, but the differences were not significant.

CTRI

The BIPM package was on par with chemical
contral in reducing the mean larval population of S.iitura.
The population of predators was higher in BIPM plots,
being responsible for partial control of leaf webber though
chemicals were not used. The mean seed yield was
higher (874.25 kgiha) in BIPM than in chemical cantrol
{663.25 kg/ha).

Lablab bean

Microbial control of H. armigera and Adisura
atkinseni on lablab

TNAU

In a field trial, application of HaNPV (0.75- 1.5 x 10
POB/Ma), B.t. (1 kg/ha), and N. rileyi (1.5 x 10"* conidia/
ha) were effective in reducing the larval population of H.
armigera and A. atkinsoni on lablab and were on par with
insecficioz' check, sndosulfan (350 g a../ha).

Pod darmage was maximum during he first round
of application and declined subsequently in different
treatments except control, The seed damage was

significantly lower in NPV applied at higher doses, which
was on par with insecticides in general. Maximum seed
yield (2258 kg/ha) was obtained in plots receiving NPV at
the highest dose, followed by N. rileyi (2230 kg / ha), and
endosulfan (2160 kg [ ha).

Biological suppression of rice pests

Relative abundance of natural enemies of
important rice pests

AAU

At Borholla, Allengmore village and AAU, Jorhat,
beslles, spiders, dragonflies, damsefflies, crickets, and
grasshoppers were the dominant predatars. Among the
spiders, Lycosa pseudoannulata, Argiope catenulata and
Neoscona sp. were predominant. Cardiochiles
philippensis, Telenomus sp., Aulosaphes sp., Colesia
flavipes, and Trichogramma japonicum were recorded.

KAU

Thirty-two species of spiders belonging 1o 8 families
and 20 genera were recorded from seven rice fields of
Thrissur district. Maximum number of species was
recorded from Araneidae (8 species), followed by
Tetragnathidae (7) and Salticidae (7). During the rabi
season, T. javana and T mandibulata were the most
abundant, and in kharif, T. javana and T andamanensis
were dominant, Nine species of spiders were nawly
recorded during this year, About 53% of the spiders were
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hunting type while the rest were web builders. Nine
species were recorded almost throughout the crop
season, viz., L. pseudoannulata, T. favana, T.
andamanensis, T. mandibulata, Oxyopes sunandas,
Orsinome sp., Neoscona natica, Leucauge sp. and
Argiope sp. The major parasiioids of stem borer eggs
were Tefrastichus schoenobii and Tefenomus sp. On gall
midge, Platygaster malabaricus, P, oryzae and P,
inderdaadi were recorded.

MPKV

The yellow stem borer was parasitized by
Trichogramma spp. (5.75-11.50%), Telenomus spp. (3,25~
6.75%), Apantefes spp. and Bracon spp. (7.50-11.00 %).
The leaf folder was parasitized by Trichogramma spp.
(6.50 %), Bracon spp. and Cotesia spp. (14.25 %)

PAU

At Behram (Distt. Nawanshahar), egg parasitism in
Scirpophaga inceriulas was very high. Six species of egg
parasitoids, namely, Trichogrammasp. {3.40%), T chilonis
{2.27%). T japonicum {17.04%), Telenomus sp. (9.09%),
T. dignoidas (47.72%) and an unidentified species were
recorded. Two larval parasitoids, Bracon sp. (10.63%)
and Cofesia flavipes (6.38%), on leat folder, and
Stenobracon nicevillel (14.28 %) on stem borer, were
recorded. Pupal parasitism was 6.25 % by Tetrastichus
sp. in S, incertulas and 9.37 % by Brachymeria sp. in C.
medinalis. Among the spiders, Tetragnathus javana,
Araneus inustus, Oxyopes javanusand T virescens were
dominant.

Table 20. Bio-intensive IPM for rice stem borer
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Isolation of fungal pathogens from tice ecosystem
(PAU)

Four fungal pathogens, namely, Aspergilius
parasiticus, A. niger, Penicillium sp., and Beauveria
bassiana, were isolated from C. medinalis,

Development of rearing techniques for key natural
enemies of rice hispa (AAU)

Parasitization of rice hispa eggs by Oligosita sp. and
larvae by Scufibracon hispae was observed in August-
September. Efforts to multiply these parasitoids on hispa
and Corcyra eggs / larvae were not successful,

Development of biointensive IPM for rice stem
borer (AAU)

In field trials, the BIPM treatments had significantly
less dead heart population at 51 days after transplantation
than farmers’ practice, but chemical control was slightly
superior. The populaticn of dead hearts on 57 DAT and
white ears was lower in BIPM and chemical control than
in farmers’ practice, The yield was significantly higher in
BIPM module than in chemical control and farmers'
practice. The highest C-B ratio was obtained with BIPM
(Table 20).

Evaluation of Trichogramma japonicum and
T. chilonis against rice stem borer and leaf folder
AAU

In & field trial at Borholla (Assam) during kharif, 2003,
T japonicumand T. chilonis @ 1,00,000/ha were released

Treatment Per cent dead hearts Percentwhita Yield CB
at weekly intervals ear heads [kaiha) ratio
| week Il week [Tweek | Vweek
IPM module 6.36 4.56% 2T 2.22° 2.84° 4396.35" 1:2.93
Chemical conirol g1 o7 b 2.28¢ 2.56° 396° 394346 1:238
Farmers' practics g.og 9687 14.94¢ 13.50% 976" 327307 1276

* Means followed by the same letter are not significant statistically (P=0.05) by DMRT
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at weekly intervals singly and in combination, coinciding
with the first occurrence of stem borer/leaf folder. In the
third week after release, the incidence of dead heart was
lower in the plot receiving T. japonicum (2.9%) than in T.
chilonis released plot {3.2%) and control (13.2%). The
while ear head incidence was also significantly lowet
with combination of parasitoids (2.7%), followed by T.
japonicum (3.7%) and T. chilonis (4.2%) releases alone.
Significantly higher yield was obiained with T japonicum
+ T chilonis (4344 8 kg/ha) than with T, japonicum (4231.6
kg/ha) and T chilonis (3891.4 kg/ha) releases alone.

The leaf folder damaged leaves declined from 2™
week and the reduction was higher when both species
were released in combination than in T. chifonis releases
alone. The incidence of leaf folder-damaged leaves was
lower in T. japenicum released plot (3.25 %} than in
control {6.23 %), The number of leat folder-damaged
leaves in chemical control was on par with biocontral. At
3and 4 weeks alterrelease, lower incidence of leaf folder-
damaged leaves was obtained with releases of both
species (2.45 and 2.12, respeclively), which was on par
with that in T chilonis releases alone (2.41 and 2.18,
respectively) {Table 21).

KAU

Significantly lower leaf folder attack was abserved
in chemical control on 30 DAT (0.9%) and 37 DAT
(1.8%), followed by releases of T japonicum (2.8%). On

45 DAT there was no significant difference in leaf folder
incidence between ireatments. Post-treatment incidence
was significantly lower in chemical control. On 30 and
37 DAT, stem borer incidence was on par in all the
treatments. But on 45 DAT, dead hearl incidence was
significantly lower with releases of both species (2.7%),
followed by T japonicum releases {4.7%]. When post-
treatment dead heart incidence data were pooled and
analyzed, all the treatments were on par. Significantly
higher incidence of white ear heads was recorded in
control (19/m2}, The yield did not differ significantly
between treatments (Table 21).

MPKV

The per cent dead hearls (2.3%) and leaf folder
damage (3.5%) at 45 days and white ears {2.9%) at 94
days after transplanting were minimum with the releases
ol T, japonicum + T. chilonis each @ 1,00,000 parasitoids!
ha. Cambined releases of both species recorded the
highest grain yield {41.6 g/ha) (Table 21).

PAU

The per cent leal folder damage on varety PR 114
was significantly lower in all treatments (1.7 - 2.0%) than
control (5.85%). Combined releases of both parasitoids
resulted in significantly lower incidence of leaf folder than
other treatments (1.7%). Significantly higher yield was
obtained with combination of parasitoids (69.5 g/hal and
chemical control (69.1 gha) (Table 21).

Table 21. Effectiveness of T. japonicum and T. chilonis against paddy leaf folder

Treatment Damage by leaf folder (%6} Yield (kg'ha)

AU | kAU MPKY FAU AU | kAU | weky | PAU
Releases of T. chitonis
@1,00,000/ma 2417 4.20% 4.81° 8.26" 39917 | 3162% | 41.60° 57 .68
Releasesof T. japonicum
@1,00,000Mha 3.26° 2,78 5.7 1253 4p.320 | 3zgee | 39.00° | 65604
Releases of T chilonis +
T japonicum each
@1,00,000 245¢ 543 3.53° 7.40° 43457 | 32.13% | 38.20* | 69.51°
Chemical confrol 327" 177 4.50° g.140 41909 | 3200% | 38.80° | 63.05
Control 6,10 4.28° 1329 13.9% 34600 | 2038 | 2940° | 5B.3F

* Means followed by the same |etter are not significant stalistically (P=0.05) by DMAT
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Evaluation of entomofungal pathogens on sucking
pests of rice

KAU

During kharif (2003-04), significantly lower number
of hoppers was chserved in chemical centrol, than in M.
anisopliae and B. bassiana-treated plots. Maximum
hopper population was recorded in contral. There was
no significant difference in the mean number of hoppers/
hill an 20" day after 1% spray and 10" day after 2 spray.
Post-ireatment counts af hoppersthill and rice bugs also
did not differ significantly between treaiments. On 10"
day after 1% spray, hoppers were significantly fewer in M.
anisopliae-treated plot, followed by B, bassiana sprayed
plot {Table 22). On 20" day after 1 spray, in all treatments,
the populations of hoppers increased and were on par.
The Il spray was given at this stage.

During rabi (2003-04), on 10" day after second spray,
population was significantly lowest in chemical control
{1.563, but on par with B. bassiana-treated plat {2.40).
After third spray, population came to 0.82/hill in B.
bassiana-treated plot. The same trend was observed in
post-treatment counts with lowest count in B. bassiana
treated plot. There was no significart difference in the
count of rice bugshill in different treatments, There was
no significant difference in the Incidence of white ear
heads and grain yield in different treatments during both
seasons,

Annual Report
2003-2004

THAU

Beauveria bassiana and M. anisopliae were not as
effective as insecticides {fenthion @ 500 mi/ha and
monocrotophos @1000 miha) against sucking pests
{brown plant hopper, green leaf hopper, white backed
plant hopper). Green leaf hoppers were the predominant
sucking pests during the trial peried. The mycosis levels
were significantly higher in fungus-treated plois. The
highest yield was obtained in B. bassiana-reated plots,
which was on par with that in insecticide-treated plots
(Table 23).

AAU

The infestation of grean leaf hopper was observed
at the |ate stage of the crop (Table 24, Immediately afier
the occurrence of green leaf happer, sprays of Beauveria
bassiana, M. anisopliae and insecticide (chlorpyriphos
20 EC @ 1 livha) were made. Insecticidal control was
stiperior to entornofungal pathogens in terms of reduction
in sucking pest population and increased yieids,

Impact of organic farming on conservation and
augmentation of natural enemies of rice pests
PAU

I field experiments at Karni Khera (Distt. Ferozepur)
on Pusa Basumati No.1, the incidence of leaf folder

Table 22. Efficacy of entomofungal pathogens against sucking pests (kharif — 2003-04)

Trealments Mean number of hoppers/hill Rice bugshill
Pre-count& | 10daysafter | 20daysafter | 10 daysafter Post-counts
1% spray 1 spray 19 spray & 2" spray (pocled
2 spray mean)
B. bassiana (1.79) {2.36)ab (2.28)a (1.91}a {2.21)a 10.89)a
272 5.24 4.92 324 447 0.30
M. anisopliae (1.76) {1.88}bc (2.34)a {1.99)a [2.09)a {0.92)a
264 3.16 4,96 3.48 387 0.36
Chemical control (1.79) (1.48)c (2.50)a [2.11)a (2.00)a {1.00}a
272 172 5.84 3.9% 3.84 0.52
Controt (241) [247ja (2.72)a 2.25)a (280 (0.905a
5.36 5.64 718 45 58 0.32
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Table 23. Effect of fungal pathogens on sucking pests and leaf folder of rice at TNAU

Treatiments Pre-treatment 10 DAT Grainyield kgiha
GLH WBPH GLH WEPH LF
H M H M H I
B. bassiana
10 sporas/ha an 10 2% 4.2 0.2° 0.1 19.2° 62 39207
M. anisopliae
10™ sporesfha 2.0 0.2 g6 38 | 08 04 | 178° a0 KI A
Cherical schedule
(For the state) 1.3 08 0.8* Q0 0.8 4] 3856
Untreated check 10.1 D4 &7 0.2 1.2 Rl
NS NS NS NS

Diala are means of five values: H- Healthy; M-Mycosadindividuals. Means fellowed by similar letters ina column are not different statistically

{P=0.05) by DMRT

Table 24. Evaluation of fungal pathogens on sucking pests of rice at AAU

(2.42%) and stem borer (4.12%) was slighlly lower in
plots receiving recommended practices than in organic
farming (3.86 and 4.21%, respectively). The yield in
orgaric farming was lower (24,32 g/ha) than that obtained
with recommended practices (38.25 o/ha), but the cost-
benefit ratio was higher (1: 17.31).

Rates of egy parasitism in S, incertwias was very
high in organic farming. Trichogramma chilonis (3.83 %),
T, japonicum (19.28 %) and Telenomus dignoides (42.34
%) togetner caused 65.45 per cent parasitism. Overall,
organic farming helped in the conservation of natural
enemies.

Treatment Pre count of Postireatment | Precountbefore | Postireaiment | Yield
jassids before Meanno. of > spray Mean no. of

1% spray jassids! hill Jassids/hil (kg'ha)
Beauvena bassiana (10" sporesiha) 16.8 13.0 105 92 3499
Metarhizium anisapliae (10" sporesial 14.4 14,2 1.2 10.5 3635
Chioropyriphos 20 EC @ 1.0 litha 155 54 B.2 4.4 4281
Untreated check 17.2 15.6 135 102 3528
CD (P=0.05%) 1.54 1.80 4483

KAU

Field rials at Mannuthy for two seasons did not show
any significant difference in pest incidence and grain yield
between organic farming and chemical control, But the
populations of spiders and caccinellids were significantly
higher in organically farmed plots than in chemical
control. Per centage incidence of leaf blight was lower
(8.72) in orgaric farming than in chemical control (17.15)
during kharif, but did not vary in rabi ¢rop.
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Biological suppression of oilseed crop pests
BIPM of S. litura in irrigated groundnut (TNAU)

In & field at Aliyar Nagar, leaf-folder damage and
population of S, ftura were significantly less and seed
yield significantly higher in BIPM plats than in chemical
contral plot. The C:B ratio in BIPM was 1:1.82 over
chemical control.

Evaluation of Nomuraea rileyi against S. litural
H. armigera on groundnut (TNAU)

In a field trial, aqueous and oil-based formulations
of Nomuraea rileyi were evaluated against S, fiura / H,
armigera on groundnut. Totally three applications were
given. The incidence of S, litura was significantly lower
in insecticide-treated plots (larval population of 0.02 - 0.8
post-application) than in N. rileyi trealed plois (2.2 - 3.2
larvae/10 plants). In the case of H. armigera also,
insacticidal control (0.02 - 3.2 larvae [ 10 plants) was
better than N, rifeyitreatment (0.8 - 6.2 larvae / 10 plants)
after 9-10 DAT, Mycosed cadavers were significantly more
in fungus-treated plots than insecticide-treated and
control plots. The foliar damage was lowest in
insecticide-treated plots, followed by fungus-treated plots.
The yield was higher in insecticide application (1672 kg/
ha) than fungus application (1466-1515 kg/ha) and
untreated check (1385 kg/ha).

Biological control of the aphids, Lipaphis erysimi
and Brevicoryne brassicae (PAU)

Insesticide application {oxy-methyl demeton) for the
control of mustard aphid, Lipaphis erysimi, was superior
to two releases of Ischiodon scuteliaris, two sprays of
Verticillium lecanii @ 10fconidia/ml, and combination of
|, scutelfaris and V. lecanii. The highest yield (7.48g/ha)
was obtained with chemical control and it was significantly
higher than all other treatments. The yield from the plots
treated witth V! lecanii + releases of | scutellaris (6.25q/
ha) was on par with V. fecanii alone (6.11gtha) and
significantly better than control (4.61g/ha) and /. scuteliaris
releases alone (4.69g/Ma).

Biological suppression of coconut pests

Field evaluation of Trichogramma embryophagum
against Opisina arenosella(PDBC)

Trichogramma chitonis and T. embryophagum, found
efficient in the lab, were evaluated in the field af the
release rates of 1000, 2000, 3000 and 4000 / palm at
weekly interval and were continued for 4 weeks starting
from 24" January to 28" February 2004.

The sentine! cards of Corcyra eqys were parasitized
by up 1o 2.0% only by T chilonis. However, the larval
population/20 leaflets was significantly lower on
parasitoid-released palms (1-4 with T chilonis and (-2
with T embryophagum) than in control {17 / 20 leaflets)
{Fig. 9. The population of O. arenosella was reduced by
76.4-100.0% during the 1* generation. The experiment
I3 in progress.

Evaluation of method of release of Goniozus
nephantidis against 0. arenosella (KAU)

In a field trial at Thrissur during Oclober, 2003-
January, 2004, the parasitoid Gonfozus nephantidis was
evaluated against Q. arenoselia (six releases at fortnightly
intervals). After the 3% 4", 5% and 6™ releases, the pest
population came down and was significantly lower in the
parasitcid-released palms than in contral palms. Efficacy
of releases a! 4-5' height or at the crown did not differ
significantly.

Field evaluation of Cardiastethus exiguus against
0. arenosella

Inafield trial at Allalasandra, releases of C. exiguus
on O, arenosella infested coconut reduced the pest
population by 34.8% (PDBC). Af Thrissur in Kerala, three
releases of C. exiguus @ 50 and 100 / free at 5 days
interval were evaluated against O. arenosella. There was
a significant reduction in the pest population after the |1
and |l raleases compared to control, though the efficacy
of release rates did not differ significantly.
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Fig. 9. Relative larval population of O. arenoseilain T. chilonis and T. embiyophagum
released and control paims during 1 generation

Biological suppression of tropical fruit crop
pests

Evaluation of Trichogramma chilonis against
pomegranate fruit borer, Deudorix isocrates (IIHR)

In a field experiment at IHR during May-September
2003, six releases of T, chilonis @ one lakh/ ha per release
at weekly intervals were made against D. fsocrates from
the time of fruit set onwards. Mean fruit damage was
marginally reduced in T chilonis-released plants (15.31 %)
as compared to check (20.47%).

Evaluation of Bacillus thuringiensis against
pomegranate fruit borer (IIHR)

Commercial formulations of Bacillus thurinigiensis
var, kurstaki viz., Dipel (6.7%), Halt {8.3%), Biolep (10.0%)
and Delfin {16.6%), were more effective in that order in
reducing fruit damage due to D. isocrates compared to
control (25.4%). But daltamethrin application was more
effective (4.5%} than Bt products,

Integration of T. chilonis with Bt for the control of
ber fruit borer, Meridarches scyrodes (IIHR)

Inafield trial during July - October 2003, five releases
of T chilonis (from the time of fruit set anwards at weekly
intervals @ one lakh/ ha per release) in combination with
application of B! @ 1 kg/ha were more effective in
reducing the mean fruit damage {29.52 %) than Bt
application (34.0%), parasitoid release (48.7%) and
control (88.0%).

Biological suppression of pink mealybug,
Maconellicoccus hirsutus, on sapota (IIHR)

Releases of Cryplolaemus monlrouzieri @ 20/plant
twice on 237 April and 9" May 2003 on sapota severely
infested with M. hirsutus reduced the mealybug population
fram a mean of 54.20/plant (4 shoots) on April 22™ to
1.50/plant by 15" June. The plants were completely free
from mealybugs in the first week of July 2003.
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Colonization of Encarsia guadeloupae on
spiralling whitefly

IIHR

Inoculative releases of Encarsia guadeloupae were
made at two locations, namely, Haniyur and Mathkur
{Bangalore Nerth), where the whitefly was severs on guava,
The whitefly population declined sharply after the
parasitoid release at hoth locations.

AtHessaraghatta, 648 adults of E. guadeloupae were
released on heavily infested papaya in January—February
2003, The parasitism ranged from 20.0 to 62.0% during
March-May 2003 and reached 85.0% in January 2004,
The papaya plants were found to be completely free from
spiralling whitefly in March 2004,

MPKV

At Pune, inoculative release of £ gaudeloupae was
made on 17" February, 2004 in a guava orchard infested
with spiralling whitetly where activity of the parasitoid was
absent. Parasitism by E. guadeloupae was 12.9% at 45
days after release of the parasitoid, which indicated its
establishment.

TNAU

The population of Aleuredicus disparsus varied from
60.2 to 480.2/100 leavesitree at two locations surveyed
during Qctober 2003-January 2004, the maximum being
in November 2003. Parasitization by E. guadeloupae
ranged from 1.3 1o 14.8, the maximum being in Novembar
2003.

KAU

The highest parasitism was recorded in chillies
during February, 2004 (55.77%) and December, 2003
(50.55%). Parasitism was maximum an guava {22.50 %)
and brinjal (15.63 %) during Novermber 2003 and January,

-2004, respactively. In tapioca, wild tapioca, ceara rubber
and poinsettia, parasitism was less than 10 % during
November, 2003-February, 2004,

Efficacy of Beatveria bassianaagainst mango nut
weevil (IIHR)

Five spore concentrations of B. bassiana (1x10%,
1a10% 1x10°5, 1107 and 1x107) wera evaluated against
the mango nut weevil in the laboratory and found effective,
the highest concentration producing 100.0% mortality.

Demonstration of biological control of mealybugs
and scale insects in guava, grapes and sapota

Releases of C. montouzier on severe mfeslations
of striped mealybug, Ferrisia virgata, on guava (at
Hariyur), Planococcus citrf on acid lime (at Tirumalapura
in August 2003) and mealybugs on grapes (at Ajwara
vilage near Chikkalapura) effectively controlled the
mealybugs,

MPKV

The efficacy of C. monfrouzieri against grapevine
mealybugs was demonsirated over one hectare area at
Marayangaon village (Dist-Pune). There was
considerable reduction in mealybug population after C.
montrouzierireleases. After three releases, the mealybug
population was 3.67 as against 23.33 / bunch in contral.

Biological suppression of temperate fruit
crop pests

Quantification of natural incidence of parasitoids
of San Jose scale on apple

SKUAS&T

In Budgam, Srinagar, Pulwama and Baramullah
districts, parasitism of San Jose scale ranged from 7.84
to 12.65 %.

YSPUH&F

The population of San Jose scale atNauni (ca. 1250
m altitude) In Solan and Mashebra {ca. 2300 m altitude)
in Shimla was negligible in well-established orchards
having old trees (>20 year age). However, in young
plantations, 9.4 and 9.2 per cent of the plants were
infested by the scale at Nauni and Mashobra with
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live-scale insect density of 0.2-47.8 and 1.2-26.5 cm™ of
the bark, respectively, on moderately to heavily infested
plants.

At Nauni, fram April to September, there were two
overlapping generations. Parasitization by Aphytis sp,
(prochia group) was 0.2-14.4%, while that by Encarsia
perniciosi was 1,8-14 per cent with a total parasifization
of 1.8-28.4 per cent. At Mashobra, overwintering
generation commenced larviposition in April and il
September, two overlapping generations were
completed. Both Aphytis sp. and E. perniciosi were
present (0.8-1.8 and 0-1.5 per cent parasitism,
respectively), with overall parasitization of 1.7-2.3 per cent.
The predatory coccinellid, Chilocorus infernalis, was
active during November-February, and the grubs (Il and
Il ingtars) were noticed by March-end.

Current status of San Jose scale and woolly
aphid and their natural enemies on apple

SKUAS&T

San Jose scale and woolly apple aphid populations
in three districts were monitored. Chilocorus infernalis
and Goccinelia sp. (predators) and Aphylis prochia and
Encarsia sp. (parasites) were recorded. Woolly apple
aphid prevalence was very low. Aphelinus mali, an
eulophid endoparasite, and predators, C. infemalis,
Episyiphus balteatus, Coccinella sepiempunciata and
Chrysoperia sp., were recorded.

YSPUH&F

At Nauni, aerial population of the aphid was hardly
present on 2 per cent plants in April when C.
saptempunctata (both adult and eggs) was active on
apple plants. Thereafter, the per cent infested plants
varied from 8.4 to 11.4 and colonies on such infested
plants were small (1-3.3 mm) and fewer in number (up to
10/plant). In May and September, Aphelinus mali was
recorded in low numbers.

At Mashobra, aphid infestation on young planis as
small aerial colonies appeared on 1.3 per cent plants
with a mean number of 2 colonies per infested plant in
April. C. septempunctata was noticed on infested plants
(1.4 beetles/plant). The infestation had increased fo 21.8
per cent in May and number of colonies per infested

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

plant was 1-28 (mean 6.5), but predator activity was low.
The infestation declined by July-August and started
building up in Septerber (7.5 per cent plants with 1-6
(mean 2.3} colonies), In October, infested plants were
maximum (10.4%; with 1-35 (mean 6.1) coloniesfinfested
plant, Inautumn and winter, no predator activity prevailed.
The infeslation declined to 9.3 per cent in November and
to 4.1 in February, the number of colanies being 1-13
(4.1) and 1-5 (1,7} per Infested plant.

Studies on predators of phytophagous mites on
apple (YSPHUH &F)

Eurgpean red mite (ERM) was more prevalent in
unsprayed apple orchards in June and July 2003 and
was low during the third week of June at Tharedhar in
Shimla district (0-50 eggs and 0-1 motile stages with a
mean of 13.9 and 0.4/leat, respectively) and so was the
predator population (0-2, mean 0.4 predatory mites/leaf).
In the insecticide treated location, the mite count was 19-
113 (71.3) eggs, but without adult mites, there was no
predator activity. In Kinnaur district, in addiiion to ERM,
Tetranychus urticae was also encountered in some
locations, the latter being mainly present on trees where
Rajmash beans were intercropped. The predator
complex included thrips, anthoeorid bugs, staphylinids,
Stethorus, chrysopid larvae, and predatory mites
{stigmaeid and phytoseiid mites).

Biological suppression of vegetable crop
pests

BIPM in Tomato (MPKV)

In a field trial at Umbare village {Dist. Pune}, BIPM
practices including five releases of T. preffosum and four
sprays of HaNPV were significantly more effective in
reducing the larval population of H. armigera and fruit
damage than farmers' practice. The yield was significantly
higher with BIPM (237.7 g/ ha) than with larmers' practice
(156.6 q/ ha).

Fixing the dose of NPV for the management of
Helicoverpa armigera on tomato (TNAU)

In a tield trial at Keeranur, the per cent decrease in
larval incicence over control was significantly higher with
the regular dose of HaNPV (1.5 x 10 POB/ha), follawed
by hall the recommended dose (0.75 x 10" POB/ha).
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Further reduction in dose of NPV resulted in inferior
control. The fruit damage was significantly lower with
application of NPV in full dose (14.8%) than other
treatments. The cumulative yield was significantly higher
with application of NPV at full or half the dose and
decreased with reduction in the dosage of NPV,

BIPM for brinjal fruit and shoot borer (TNAU)

In a field trial at Kuruchi, larval population of
Leucinodes orbonalis was significantly lower with BIPM
(3.2810 plants) compared to farmers' practice (11.21 /
10 plants}. The per cent incidence of fruit borer with
respect to fruit damage was lower in BIPM than farmers’
practica. The per cent shoot damage was lower with
BIPM (4.82%) than farmers' practice {13.08%). The tolal
marketable fruit yield was higher in BIPM package (19.51
t/ha) than in insecticide control ({1317 tha),

Effectiveness of microbial pesticides and a
summer oil against Pieris brassicae on kale/ knol-
khol (SKUASET)

In a fisld trial evaluating the use of Beauveria
hassiana, Bacillus thuringiensis, Metarhizium anisaplias,
Heterorhabditis indica, D.C.Tron Plus, neem, and
dichlorvos against Pieris brassicae, dichlorvos {0.05%)
proved most effective causing 100 % mortaiity after 10
days and H. indica @ 2 billiorvha was the least effective.

Investigations on potential bioconirol agents of
Diaphania indica infesting cucurbits (IIHR)

Survey for natural enemies of D. indica

During surveys for natural enemies of D. indica, a
gregarious braconid parasitoid, Dofichogenidea slantoni,
was identified for the first time. Each parasitized larva of
D. indica yielded a mean of 16.3 cocoons and 13.4 adults.
Adult emergence was 14.3-100 % under field conditions
and the sex ratio was female biased (1. 4.20).

Biology of Delichogenidea stanioni

The biclogy of D. stantoni was sludied in the
laboratory on D. indica. Two- to three-day-old mated
females of D. stanfoniwere allowed to parasitise 4-6 days
old larvae of D. indica. The exposed larvae were
maintained separately on cucurbit leaves. The larval
period was 8-10 days. The parasitoid larvae pupated

outside in white silken cocoons and the pupal period
lasted 5-6 days. D. slantoni took 13-18 days to complete
one life cycle (from egg to adult) at 26°C. The adults lived
for 8-10 days on haney.

Biology and predatory potential of Orius spp.
against thrips infesting chilli (IIHR)

During surveys for the natural enemies of thrips
infesting chilli and other crops, Qrius maxidentex
{marigold), Orius tantillus (maize) and Orius spp.
{crossandra and niger) were collacted.

Biology of Orius maxidentex on thrips

Orius maxidentex adults collected from maize were
released in a ventilated plastic jar containing marigold
flowers infested with thrips. The eggs were laid on the
fiower parts, The nymphs hatched in 3-5 days. The
nymphal period ranged from 12 to 14 days at 25°C. The
adult longevity was 20-30 days. On marigold thrips, the
male survived for 18 days and the female for 28 days. A
single pair consumed 316 thrips during 29 days. The
fecundity was about 24,

Biological suppression of potato pests (MPKV)

In & figld trial at Pune, BIPM practices including V.
lecantii spray and Copidosoma koehieri releases (four
releases @ 1250 mummies/ha at weekly interval) were
significantly more effective than farmers' practice in
suppressing aphid and potato tuber moth population and
also recorded 47 % higher yield of healthy marketable
potato {209.0 q / ha) than farmers' practice (141.5 0/ ha).

Biological suppression of weeds

Monitoring, evaluation and impact assessment of
Neachetina eichhorniae, N. bruchi and
Orthagalumna terebrantis against Elchhornia
crassipes

AAU

Successful control of water hyacinth has been
achieved by the exotic weevils N. eichhormiae and N.

. bruchi. At Disangmuck (Sibsagar) and Alengmara

{Jorhat), 900 ha and 700 ha of water bodies, respectively,
were cleared off by the weevils and the control achieved
was 95%.
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ANGRAU

Releases of N. eichhorniae and O. terebrantis were
made in seven water bodies {in |brahim Bagh, Hyderguda,
Hassan Nagar and Talabkatia near Hyderabad) and
observation on establishment is in progress.

GAU

The weevils have established in all the released
locations (Karjani, Boriavi, Lambhwel, Khodiar,
Vidyanagar, and Anand).

MPKV

In August-September 2003, about 2000 adults of
Neochetina spp. and 5000 mites were released in a
pond. Gradual increase in the weevil and mite
populations in the pond was observed and the leaf
damage due to the weevils was 25.56 scars / leaf {until
mid-February, 2004}.

PAU

Neocheiina bruchiand N. eichhorniae were released
@ 2000 perwater body; while O. terebrantiswas released
@ 5000 per water body, during July, 2003. There was an
increase in the number of weevils per plant during July-
March at all locations (Phillaur, Ludhiana, Goraya and
Phagwara). Mites did not increase after the release,
probably due to severe winter.

Monitoring, evaluation and impact assessment of
Zygogramma bicolorata against parthenium

ANGRAU

Releases of Zygogramma bicolorata in a wasteland
with good parthenium stand was compared with plots
free of Z bicolorata. The number of flowers per plant
was fewer (537.18) in unreleased plots compared 1o
Zygogramma-released plots (853.98 in August and

907.21 in September as against 483.23 in unreleased
plots). Z bicolorata did not influence plant height.

TNAU

In a trial at Thondamuthur, Zygogramma excluded
plots recorded increased biometric characters, The
presence of Zygogramma in untreated plots lowered the
germinating seedlings and plant biomass. Defoliation in
Zygogramma included plot was higher compared to
Zygogramma excluded plots.

GAU

Release of 500 adults of Z, bicelerata on parthenium
during August 2003 resulted in voracious feeding on
leaves and flowers. Oviposition and development of larvae
were also observed (0.4 grubs/plant]. Predation of grubs
by birds such as myna was observed.

YSPUH&F

Recovery of beetles released in congress grass
infested patchas (with no beetle population) was poor. At
Mauni, the field activity of the beetle commenced In third
week of May and continued till September 2003, with a
mean of 8.3 per cent plant infestation and a population
0.3 beatles. There was no apparent impact of the beetle
on growth of the plant at this low population level.

Survey and quantification of natural enemies of
Mimosa rubicaulis subsp. himalayana and M.
invisa (AAU)

Mimosa rublicaulis himafayana (Family:
Mimosaceae}, a thorny creeper, has cccupied most of
the grazing areas of Kaziranga National park, Assam, At
present, 50 hectares of grazing areas are occupied by
this weed in different forest ranges like Kohora, Bagari,
Armora, Agaratali, etc. Survey for the natural enemies of
these weeds revealed the occurrence of Lamnia
hiplagiata (Coleoptera: Chrysomelidae) during March
2004.
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5. TECHNOLOGY ASSESSED AND  andhighhost-searching ability were assessed at different
TRANSFERRED agro-climatic regions for the control of cottan bollworms.

Technology assessed Improved strain of Mstarhizium anisopliae (Ma 4)
identified for the control of sugarcane woolly aphid.
Mass production of natural enemies
Invented a simple and noval design for small scale
Superior strains of Trichogramma chilonis selected  solid state mass production unit for antagonistic fungi.
for multiple insecticide- and high temperature-tolerance

Corcyra eggs for shipment

Consignments of tricho-cards
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6. EDUCATION AND TRAINING
Training for PDBC staff

Ms. M. Pratheepa, Scientist 55, attended the
Summer School training on “Design and Analysis of
Experirments for Agricultural Systems Research” from 5"
June to 25" June 2003 at Indian Agricultural Statistics
Research Institute, New Delhi

Mr. Satendra Kumar, Technical Officer, attended a
workshop-cum-training on “Gahan Hindi Prashikshan and
Karyashalla" from 1% to 57 July 2003 at National Academy
of Agricultural Research Management (NAARM),
Hyderabad

Dr. R.J. Rabindra, Project Director, attended the 7"
Executive Development Programmie (EDP} in Agricultural
Research Management from 187 July to 22 July 2003
at NAARM; Hyderabad.

Dr. M. Nagesh, Senior Scientist, altended a training
course on “Advances in Videography and Photography”
from 26" August to 5" September 2003 at NAARM,
Hyderabad.

Dr. S.K. Jalali, Senior Scientist visited Fussia for a
study tour on "Biological and Microbiological Contral of
Pests and Diseases” from 28" July to 6" August 2003

Dr. P. Sreerama Kumar, Senior Scientist, attended a
training course on “Microbial control of insect pests -
constraints, current developments and perspectives in

integrated pest management” from 1% to 227 December
2003 at Division of Entomalogy, Indian Agricultural
Research Institute, New Delhi.

Ms. M. Pratheepa, Scientist 85, attended a training
programme on "GIS Appilication in Agriculture” from 18"
to 24" December 2003 at NAARM, Hyderabad

Training programmes organized by PDBC

Two months training on biclogical contral of crop
pests and weeds was organized for eight scientists from
State Agricultural universities from 8" Oclober to 6"
December 2003

Hands' on training programme organized for six
months on fungal pathogens for the control of sugarcane
wooally for & technical officer from Sugarcane Breeding
Institute, Coimbatore from 1% March to 319 August 2003

Organized a refreshers course fraining for 37
scientists in seven baiches each for a period of six days

Forty-one scientists were trained representing from
KVKs, SAUs & Departments of Agriculture & Horticulture
on biclogical control of insect pests on cotton, pigeon
pea, chickpea, tomato, cabbage, groundnut, apple and
mange

Organizing ten tailor made training programmes an
mass production and quality control aspects far 34
trainees representing states like Andhra Pradesh, Kerala,
Nagaland, Meghalaya, Kamataka and Maharashitra

Training Programme on Mass Production of Entomophilic nematodes
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7. AWARDS AND RECOGNITIONS

Dr. R.J. Rabindra and Dr. S. Ramani have been
recognized as guides for Post-Graduate Research by
the University of Agricultural Seiences, Bangalore, and
Dr. {Ms.) Chandish R. Ballal and Dr. M. Nagesh as guides

Annual Report
2003-2004

for Post-Graduate Research by Mysore University,
Mysore.

PDBC presanted awards to Mr, T. Bhaskaran and
Mr. P. Ravindran, Technical Staff for their valuable
contribution In their service on ICAR Foundation Day.

b

PDBC Director presenting
best service awards to PDBC Staff
on the occasion of ICAR Foundation Day

57



s

58

2 PROJECT DIRECTORATE OF BIOLOGICAL CONTROL
Annual Report ;
2003-2004

s

8. LINKAGES AND COLLABORATION IN
INDIA AND ABROAD INCLUDING
EXTERNAL PROJECTS

NATP-funded project entitied “Team of Excellence
for Human Reseurce Development in Biolagical Control”
has been extended up to 31-12-2004, The project Is
operative at PDBC. Bangalore, and the clients are
scientists from various State Agricultural Universities,
traditional universities and ICAR Institutes. This project
will have linkages with all the institutes inferested in
biocontrol of crop pesis and weeds.

NATP-funded project entitled “Development of bio-
intensive |PM modules in chickpea against Helicoverpa
armigera, wilt and dry root rot” is operative at Indian Institute
of Pulses Research, Kanpur, and PDBC, Bangalore, is
one of the co-operating centres.

NATP-funded project entitled “Control of leat curl
viral disease in cotion and development of protecols for
mass multiplicafion of predators, parasites and insect
pathogens” is operative at Central Institute for Cotton
Research, Nagpur, and PDBC, Bangalore, is one of the
co-operating centres.

NATP-funded project entitled “Development of an
integrated pest management package for the eriophyid
mite, Aceria guerreronis (Keifer of coconut in the
southern states” is operative at Tamil Nadu Agricullural
University, Coimbatore, and PDBC, Bangalore, is one of
the co-operating centres.

NATP funded project entitled “Development of IPM
modules for oilseeds and nutritious cereals-based
production system” (closed on 31-12-2003) was operated
at National Centre for Integraled Pest Management, New
Delhi, with PDBC, Bangalore, as cne of the co-operaling
centers.

NATP funded project entitled "Validalion and
promotion of IPM Technology in selected craps in
different agro-ecological regions” has been exiended up
to 31-12-2004 and is operative al National Centre for
Integrated Pest Management, New Delhi, and PDBG,

Bangalore, is one of the co-operating centers. The clients
are the staff from various co-operating centers of the
project and Plant Protection Officers from KVKs. This
project will have linkages with all the institutes interested
in biocontrol of pests of cotton, pigeon pea, chickpea,
greundnut, tomato, cabbage, mango and apple.

Based on the linkage developed, the Coconut Board
has given further financial assistance in the second phase
for bioefficacy and biosafety tests for the mycoacaricide
developed for cocanut mite

A linkage has been developed with Ministry of
Agriculture, DARE, for mass production of quality
hiocontrol agents / biopesticides with financial assistance
in four centres (UAS, Dharwad; Agriculiural Research
Station, Sri Ganganagar; PAU, Ludhiana; GAL, Anand)
with PDBC, Bangalore, as the lead centre,

A linkage has been developed with Ministry of
Agriculture, DAC, under Technology Mission on Cotton
for development and evaluation of location-specific IPM
modules and development of efficient strains. The
project is operative at Central Institute for Cotton
Research, Nagpur, with PDBC, Bangalore, as one of the
co-operating cenires.

ICAR Cess-funded project entitled, "Devalopment
of commercial formulations of antagonistic fungl
[Paecilomyces lilacinusand Pochonia chlamydosponun)
for biological control of Meleidogyne incognita and
Roiylenchulus reniformis’ is operative at PDBC,
Bangalore.

|CAR Cess-funded project enfiled, “Evolving and
testing superior stains of Steinernema sp. and
Heterorhabaitis sp. against Spodoplera fitura in figld” is
operative at PDBC, Bangalore.

DBT-funded project entitled, “Isclation, purification
and characterization of novel insecticidal toxins from
Photorhabdus luminescens and Xenorhabdus spp. of
bacteria from entoropathogenic nematodes” is operative
at PDBG, Bangalore.
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9, AICRP/COORDINATION UNIT/NATIONAL  Acharya N.G.Ranga Sugarcane, pulses,

CENTRES

With a view to fulfill the mandate given, the Project
Directorate has divided the workload among six ICAR
institute-based and ten State Agricultural University (SAU)-
based co-ordinating centres based on infrastructural
facilities and expertise available as foliows:

Headquarters

Project Directorate of

Biological Control, Bangalore Basic Research
ICAR Institute-based centres
Regional Station {CPCRI), Kayangulam Coconut

Central Tobacco Research Institute,
Rajahmundry Tobaceo, soybean

Indian Agricultural Research Institute,

New Delhi Basic Hesearch

Indian Institute of Horticultural Research,
Bangalore Fruits & vegstables

Indian Institute of Sugarcane

Research, Lucknow Sugarcane
Sugarcane Breeding Institute,
Coimbatore Sugarcane

tate Agricultural University-based centres

Assam Agricultural University,
Jorhat

Sugarcane, pulses,
rice and weeds

cofton, oilseads,
coconut & weeds

Agricultural University, Hyderabad

Plant diseases -
antagonists

Govind Ballabh Pant University
of Agriculture and Technology,

Pantnagar

Guijarat Agricultural University, Cotton, pulses,

Anand vilseeds, vegetables &
weeds

Weeds, rice, fruits
& coconut

Kerala Agricultural University,
Thrissur

Potato, weeds, rice,
vegetables, sugarcane,
cotton, pulses, fruits

hMahatma Phule Krishi
Vidyapeath, Pune

Sugarcane, cotton,
weeds, oilseeds,
rice, & vegetables

Punjab Agricultural
University, Ludhiana

Temperate fruits &
vegetables

Sher-E-Kashmir University of
Agricultural Sciences &
Technology, Srinagar

Rice, cofton, pulsas,
oilseeds, coconult, fruits
and weeds

Tamil Nadu Agricultural
University, Goimbatore

Temperate fruits
vegetables, oilseeds,
weeds

Dr.Y.S.Pamar University of
Hatticulture & Farestry, Solan
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10. LIST OF PUBLICATIONS
Research papers

Project Directorate of Biological Control,
Bangalore

Baitha, A, Jalall, S.K., Rabindra, R.J., Venkatesan, T.and Rao,
N.S. 20083. Parasitising efficiency of egg parasitoid,
Trchogramma japonicum al four temperature regimas.
Annals of Plant Protection Seiences, 11: 185-188.

Ballal, C.R. 2002 Note on egg parasitism by trichogrammatids in
pigeonpea and quality control of mass reared
trichogrammatids in India. Egg Parasitoid News, 14: 31,

Ballal, C.R., Singh, S.P, Poorani, J. and Gupta, T. 2003. Biology
and rearing requirements of an anthocorid predator,
Blaptostethus pallescens Poppius (Heleraptera:
Anthocoridae). Journaf of Biological Control 17: 29-33.

Biswas, D., Narayanan, K., and Chakraboriy, M. 2003. Survey
fornatural enermies of Gallana mellonefia and cross infectivity
of its nuclecpolyhedrovirus. Entomon, 28: 179-183.

Chakraborty, M. and Narayanan, K. 2003. Cross-infectivily of
Bombyx mori nuclear polyhedrosis virus 1o a general
predator Chryseperfa carnea, Insect Environment, 8, 175-
176.

Chakraborty, M., Narayanan, K., Sivaprakash M.K. 2004. Invivo
enhancemant of nuclecpolyhedro virus of oriental
armyworm, Mythimna separata using spindies from
Helicoverpa armigera entormopoxvirus. indian Journmal of
Experimental Biology, 42: 121-123,

Gopalakrishnan, C., Ramanujam, B., Prasad, R.D. , Rao, N. 5.
and Rabindra. R.J. 2003. Scrsening and sslsction of
potential Trichodermaisolates for the control of cotton seed
rot and damping-off. Journal of Biological Controi, 17:
161-165.

Gopalakrshnan, G., Ramanujam, B., Prasad, R.D., Rao, N.S.
and Rabindra, R.J. 2003. Use of brewery waste amended
spent malt as substrate for mass production of
Trichoderma. Joumal of Biolegical Controf 17, 167-170

Jalall, 5K, Mohan, K.5.. Singh, S.P., Manjunath, TM. and Lalitha,
Y. 2004. Baseling-susceptibility of the old world boliworm,
Helicoverpa armigera (Hibner) (Lepidoptera: Nocluidae)
populations from India to Bacillus thuringiensis Cryl Ac
insecticidal protein. Crop Protection, 23: 53-59.
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Jalall, §.K. and Singh, S.P. 2002. Selection and host age preference
of natural enemies of Chilo parteflus (Swinhoe)
(Lepidoptera: Pyralidae). Pest Management and
Economic Zoology, 10; 149-157.

Jalali, S.K, and Singh, 5.P. 2003, Insecticidal activity of Bacillus
thuringiensis Berliner and Beauvena bassiana (Balsamo|
Vuillemin formulations against maize stem borer, Chilo
partelius|Swinhoe). Annals of Plani Protection Sciences,
11: 146,

Jalali, SK. and Singh, S.P. 2003. Bio-ecology of Chilo partellus
{Swinhoe) (Lepidoptera; Pyralidae) and evaluation of its
natural enemies. Agricultural Rewview, 24, 79-100,

Jalali, S.K. and Singh, S.P. 2003. Determination of release rates of
natural enemies for evolving bic-intansive management of
Chilo partelius (Swinhoe) (Lepidoptera: Pyralidas}.
Shashpa, 10 151-154.

Jalali, S.K. and Singh, S.P. 2003. Effect of neem products and
biopesticides on egg parasiteid Trichogramma chilonis
Ishii, Journal of Applied Zoological Researches, 14:125-
128

Jalali, §.K. and Singh, 5.P. 2003, Biclogical control of Chifo parteflus
(Swinhoe) in fodder maize by inundafive releases of
parasiioids, Incian Journal of Plan! Protection, 31: 83-85.

Jalali, S.K., Singh, S.P. and Venkatesan, T. 2003, Life table
characteristics of Trichogrammatoidea bactrag Nagaraja
at different lemperatures on eggs of Plufella xylostella
(Linnaeus). Past Management in Hoticultural Ecosystams,
9: 1317,

Jalali, S K., Singh, 5.P. and Verkalesan, T. 2003, Natural enemies
of cotton ballworms in sprayed fields in differert states of
India, Nationa/ Journal of Plant Improvement, 5: 31-33.

Jalali, SK., Singh, $.P. and Tandon, P.L. 2003 Field life tables of
Chilo partelius (Swinhoe) (Lepidoptera: Pyralidae).
Journal of Biofogical Condrol, 17: 47-56.

Murthy, K.S., Jalali, 5.K. and Venkatesan, T. 2003. Influence of
temperaiure on the development and parasitisafion rate of
the eqg parasitoid Telenomus species (Scelionidae:
Hymenoptera). Journal of Entormological Research, 27:
23-28.

Murthy, K.5., Venkatesan, T. and Jalali, S.K. 2003, Evaluation of
arfificial dists for coconut blackheaded caterpillar, Opisina
arenoseliaVWalker, Annals of Plant Protection Scierces,
11; 20-22.
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Murugan, M., Sathiah, M., Dhandapani, M., Rabindra, R.J. and
Mohan, 5. 2003. Laboratory assays on the role of
Indian transgenic Bt catton in the management of
Helicoverpa armigera (Hubnar) (Neoctuidae:
Lepidoptera). Indian Joumal of Flant Frotection, 31:
1-5

Magesh, M., Hussaini S.5., Singh, 5.P. and Biswas, 5.R. 2003.
Management of roat-knotnematode, Meloidogyne incognita
(Kofoid & White} Chitwood in chrysanthemum uging
Paecilomyces filacinus (Thom,} Samson in combination
with neem cake. Journal of Biological Contral 17 125-
132.

Marayanan, K. 2003. Epizootic eccurrance of nuclear polyhedrosis
virus of Chrysoperta camea (Neuroptera; Chrysopidae).
fnsect environment, 8: 165-166.

Narayanan, K. 2003, Occurrence and cross-infectivity of
granulovirus of field bean pod borer, Adisura atkinson(
Mocra. lndian Joumal of Experimental Biology, 41: 1346-
1348

Marayanan, K. 2004. Insectdefense: its impacton microbial control
ofinsest pasts. Current Science, B6: 800-814

Narayanan, K. and Gopalakrishnan, C. 2003. Cross infectivity of
microsparidian, Vairimorpha sp. against certain
lepidopterous insect pests. Insect Environment, 9: 65-66.

Marayanan, K. and Vesnakumari, K. 2003. Nuclear polyhedrosis
viruges from coconut black-headed caterpillar, Opisina
arenoselfa, and sorghum spotted stem borer, Chifo
partellus. Journal of Biological Control, 17, 97-98.

Natarajan, M. and Rabinclra, R.J. 2003. Effect of Pseudomonas
flugrescens and organic manures for the management
of cogonut eriophyid mite. Madras Agric. J., 90: 389-
394,

Parthasarathy, R, and Rabindra, R.J. 2003. Pathogenicity of
Galleria melionella nucleopolyhedrovirus and Plutelia
aylostelia granulovirus and their combinations to
diamondback moth, Plutella xylostefla (L.). Indian
Journal of Plant Prolection 312 1-4.

Poorani, J. 2003. A new species of the genus Synanychimarpha
Miyatake {Coleoptera: Coccinellidae) from South India.
Zoolaxa, 212: 1-6.

Poorani, J. 2003. A new species of Protoplolina Miyatake
{Coleoptera: Corcinglidae) from India. Zoofaxa, 325
1-5
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Pooraril, J. 2008, A new species of Telsimia Gasay (Coleoptera:
Coccinelidag) from Karnataka, India. Entomon, 28: 51-
53,

Prasada Pao, G.M.V., Ramani, 8. and Singh. §.P. 2003. Fecundity
of Chito partlelius (Swinhos} in refation to pupal weight.
Annals of Plant Profection Sciences, 11: 220-223.

Rabindra, R.J., Swamiappan, M., Parthasarathy, R.,
Subramanian, §., Kennedy, J.5., Sathiah, N. and
Rajasekaran, B. 2003, Isolation and DNA
characterisation of a nuclear polyhedrosis virus from
tha looper, Boarmia {=Ascolis) selonaria (Lepidoplera:
Geometridag). Pest Management in Horlicultural
Ecosystems, 9: 49-53.

Ramani, S. and Prasada Rao, G.M.V, 2003, Frass-medisted host
finding behaviour in Cotesia flavipes (Cameron)
{Hymenoptera: Bragonidas), a larval parasitoid of Chilo
partelius (Swinhoe). Entomon, 28; 241-245,

Tian Mingyi and Ramani, 8. 2003, Description of anew species of
Cvbocephalus Enchson {Coleoptera; Cybecephalidae)
from India feeding onthe spiralling wiitefly, with notes onits
biology. Entomon, 28: 21-25.

Senthil Kumar, C.M. and Rabindra., R.J. 2003, Influence of distary
vegetable oils on the tobaceo cutworm, Spodoplera fifura
[Fabricius) and its nuclear polyhedrosis virus production.
Journal of Biological Control, 17, 57-61,

Sheeba, Mohanraj, P, Singh, P.K. and Prasad, G.S, 2002, Effect
of hostand food on biological parameters of Trichogramma
faponicum Ashmead (Hymenoptara: Trichogrammatidag)
nativeto the Andaman islands, Jowrnal of Enfomological
Rosearch, 26: 147-151,

Verkatesan, T, Jalali, S.K., Murthy, K.S., Rabindra, R.J). and Rag,
M.S. 2002, A novel mathed of fietd release of Goniozus
nephantidis (Muesebeck), an impartant primary parasitoid
of Omsina arenosella Walker on caconut. Journal of
Biotogical Controf, 17: 79-80.

Indian Institute of Horticultural Research,
Bangalore

Ganga Visalakshy, PN. and Krishran, 5. 2002, Effectaf confinucus
rearing on the biotic and functional potential of
Ceutorhynchus portulacae. Enfomon, 27: 437-440.

Ganga Visalakshy, P.N.2003, Survival of Ceulorhynchus poriulacae
during unfaverable conditions. Joumal of Biokagical Canlrol
17: 85.86.
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Ganga Visalakshy, PM. and Krishnan, 5. 2003. Realised and
physiclegical host range of Ceutorhynchus portulacae, a
natural enemy of Portulaca oleracea. Entomon, 28:
33-38.

Mani, M. and Krishnamoorthy, A. 2002. Role of Encarsia azimi
Hayat (Aphelinidas, Hymenoptera) in regulating ash
whitefly Siphoninus phyllireae Haliday (Aleyrodidae,
Hemiptera) on pomegranate in India. ‘ndian Joumal of
Plant Prolection 30: 144-148.

Mani_ M. and Krishnamoorthy, A. 2002, Biclogical suppression of
spherical mealybug Nipaecoccus viridis (Newstead)
(Hemiptera, Pseudocaccidae) on acid lime in India.
Entomon2T: 423-424.

Mani, M., Dinesh, M.S. and Krishnamoarthy, A, 2003, Establishment
of Encarsia guadeloupae Viggiani enthe spiralling whitefly
atHyderabad. Insect Environment, 9: 34,

Indian Institute of Sugarcane Research, Lucknow

Baitha, A. and Sinha, O.K. 2002. Response of Trichogramma
chilonis Ishi to different colours of fichocards. Indian Joumal
of Sugarcane Technology 17: 64-67,

Baitha, A. and Varma, A, 2003. Growth rale of sugarcane adapted
sirain af Trichogramma chiorisshil (Trichogrammaticae:
Hymenoptara). Journal of Biolegical Contral17: 175-177.

Indian Agricultural Research Institute, New Delhi

Prasad, T\.. Srivastava, K.L. and Jitendra Kumar. 2003,
Stabilization of Baciius thuringfensisin WOP formulation by
UV protectants. Annals of Plant Protection Sciences 11
189-191.

Sugarcane Breeding Institute, Coimbatore

Srikanth, J. and Salin, K.P. 2003. Does group size affect group
dynamics of Cotesia flavipes Cameron (Hymenoplera:
Braconidae) aduits? fnsect Environment & 39-42.

Assam Agricultural University, Jorhat

Barman, A K., Basit, A, Hazarika, LK. and Bhattacharyya, B,
2003. Safely of ceriain plant extracts to ackults and immature
siages of Trichogramrmna japonicum Ashmead, Shashpa,
10: 175-180

Gujarat Agricultural University, Anand

Chavda, S.K. and Yaday, D.N. 2001, Laboratory rearing of
Gsocaris achropterus Fieber (Hemiptera: Lygaeidag) on
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the pupag of Trichogramma chiforis Ishii (Hymenoptera:
Trichogrammatidae), GAU Research Journal 27: 30-33.

Komia Devi, P, Yaday, D.N. and Jha, A, 2002, Biclogy of Paederus
fuscipes Curtis (Colacptera: Staphylinidae). Pest
management and Economic Zoology 10: 137-143.

Yadav, D.N., Mathew, K.L.and Jha, A. 2001, In situ canservation
of arnthropod natural enemies of crop pests. GAL Rasearch
Journal 27 24-29.

College of Agriculture (MPKV), Pune

Charali, S.N., Pokharkar, D.8. and Ghompade, S.A, 2003
Abundance of spiralling whitelly, a newiy introduced pest
in Maharashtra State. Journal of Maharashira Agriculturaf
University, 28: B3-84.

Punjab Agricultural University, Ludhiana

Joshi, N. and Brar, K.S. 2003. Incidence of Helicoverpa ammigera
(Hubner) population on gram and its natural mortality,
Insect Environment'9: 107-108.

doshi, M., Brar, K.5. and Shenhmar, M, 2003. Preliminary
evaluation of Vertfcilium lecami(Zimm.] Viegas against
rustard aphid, Lipaphis erysimi(Kall.). Inssct Environment
9: 106-107.

Papers presented in Symposia/Seminar/Workshops
Project Directorate of Biolagical Contrel, Bangalore

Bakthavatsalam, N., Singh, S P, Tandan, PL., Hanumatharaya,
L., Chandrasekhar, K., and Vellaikumar, S. 2003.
Electroantennogram and ovipositional responses of
Helicoverpa armigera (Hubner) and Chrysoperia carmea
[Stephens) o volatiles of different cultivars of cetion, pp:
35-42. In: Tanden, PL., Ballal, C.R., Jalall, SK, and
Rabindra, A.J. (Eds.), Biological Confrol of Lepidopteran
Pests. Proceedings of the Symposium on Biclogical Control
of Lepidopteran Pests. Society for Biocontrol Advancement,
PDBC, Bangalore.

Ballal, C.R., Singh, S.P., Poorani, J. & Gupla, T. 2003. Feasibility
of mass multiplication and utilization of Cardiastethus
eniguus Poppius, a petertial anthocond pradator of Opisina
atenosefia Walker {Lepidoptera: Gecophondae), pp. 29-
33 In; Tandon, PL., Ballal, C.R., Jalali, SK, and
Rabindra, R.J. (Eds.}, Biologieal Gontrol of Lepidopteran
Pests, Procesdings of the Symposium on Biological Control
of Lepidopteran Pests, Society far Biocontrol Advancernent,
July 17-18, 2002, Bangalare.
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Chakraborty, M., Marayanan, K. and Sivaprakash, MK, 2003. fn
vivo enhancement of nucleopolyhedro virus of riental
armywormn, Mythimna separata using viral enhancing factor
of a granulesis virus of Spodoptera lifura, pp.
42-43, National Symposiumon Biomanagement of Insect
pests, 28-31 March 2003, Annamalal University, Tamil
Nadu,

Kumar, P.S. 2002, Developmeant of a biopesticide for the coconut
mite in India, pp. 335-340. In: Proceedings of the Britisn
Crap Protection Conference - Pests and Diseases, Vo, 1
& 2. 18-21 Mowember 2002, British Crop Protection
Courcll, Brighton, United Kingdom,

Kumar, P.S., Sidda Gowda, D.K. and Singh, $.P. 2002. Typas of
propagule procuced by Nomurasa rileyi (Fartow) Samsaon
in salid and fiquid media and their pathogenicity to
Spodoptera litura (Fabricius), pp. 171-175. In: Tandon,
PL., Ballal, C.R., Jalali, 8.K and Rabindra, R.J. (Eds.),
Biolegical Conlrol of Lepidopteran Pests. Praceedings of
the Symposiumon Bickgical Control-of Lepidopteran Pests,
17-18 July 2002, Society for Biocontrol Advancement,
Bangalora.

Murthy, K.5., Venkatesan, T. and Jalali, S.K, 2003. Development
of Brachymeria nephanlidis Gahan (Hymenoptera:
Chalcididae) on arlificial diel reared Opisina arenoseila
Walker, pp. 95-88. In: Biological Control of Lapidopteran
Fests (Eds. Tandon, PL, Ballal, C.R,, Jalali, S.K. and
Rabindra, R.J.). Proceedings of the Symposium on
Biclagical Contral of lepidopteran pests, Saciety for
Binconlrel Advancement, Bangaiore.

Nagesh, M., Hussaini, S.5. and Yidya, H.S. 2003. Biotechnoloegical
options for the management of nematode problems and
entomopathiogenic nematedes for insectpest management.
APNL Biotechnology Meetan Plan! Parasitic Nematodes
in AP and Project Screening for Funding, Institute of Public
Enterprise, Osmania University, Hyderabad, 12-13
Octeher, 2003,

Marayanan, K. 2003. Occurrence of granulosis wirus of Spodoplera
exigua (Hubner) (Noctuidae: Lepidoplera), pp.138-142
In: Biological control of Lepidapteran pests Eds. Tandon,
P.L., Ballal, C.R., Jalali, S.K. and Rabkindra, R.J.)
Proceedings of the Symposium on Bielogical Control of
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lepidopteran pests, Society for Biscontrol Advancemant,
Bangalora.

Marayanan, K. 2004. Impact of invertabrate resistance in microbial
cantrol of insect pests and vectars of parasiic diseases, pp.
128138, In: Immunology of Parasitic Diseases, & to 26"
Warch 2004,

Narayanan, K. and Veenakumari, K. 2003. Reporl on the
oecurrence of nuclear palyhedrosis virus an gherkin
caterpitar Chaphania indica (Lepidoplera; Pyralidae), pp.
169-170. In: Biological Control of Lepidcpteran Pests (Eds.
Tandon, P.L., Balial, C.R,, Jalali, S.K. and Rabindra, R.J.).
Proceedings of the Symposium on Biological Cantrol of
Lapidopteran Pesis. Society for Biocontral Advancement,
Bangalare.

Rabindra, R.J. 2003. Prospects of biological control of alien weed
species in India. National Seminar on Alien Invasive
Weeds in India held at Assam Agricultural University,
Jarhat, from 27% to 29" April, 2003

Rabindra, R.J. 2003, Genetic Improvement of Baculoviruses.
National Symposiumeon Frontier Areas of Entomological
Research, 5,11.2003, AR, MNew Delhi.

Rabindra, B.J, 2003, Micrebial Pesticides: Road Map forincreased
uptake in India. National Symposium on Graen
Pesticidas for Insect Pest Management, Entormology
Research Institute, Channai, 5-6 February, 2004 .

Rabindra, B.J. 2003. Success and failurs in bialogical control and
future road maps for enhancing biological control agents
in Indlia, Maticnal Conference on Role of Biopesticides,
Bloagents and Biofertiliser for Sustainable Agriculiura
and Horticulture organized by All India Biotech
Association, New Delhi and Doctor's Krishi Evam
Bagwani Vikas Sanstha, Lucknow, on 14" February,
2004,

Rahindra, R.J. and Kumar, P.5. 2003. Prospects for the biclogical
cantrol of the coconut mite (Lead paper), pp. 35-42.In
Coconut Enophyid Mite: Issues and Strategies
Proceedings of the intemational Workshop on Cozonut
Mite, Bangalore, 5-6 April 2003. (Eds. H.P. Singh and P,
Rethinam). Coconut Development Board, Kechi, India, and
Asianand Pacific Cozonut Community, Jakara, indonesia,
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Rakindra, A.J., Ballal, C.A. and Ramanujam, B. 2003. Biological
options for pest and disease management in pulses, In:
Proceedings of the National Symposium on "Pulses for
Crop Diversification and Natural Resource Management”
on 20-22 December, 2003, IPR, Kanpur.

ik, 3 i =

trap crop on the incidence of Spodoptera iitura and its
entomaophages under bicintensive IPM in tobacco
nurseries, p. 528, In: Proceedings of Mational Seminar
on resource management for sustainable Agriculture, The
Andhra Agricuttural Journal 50: 529-583.

Rabindra, R.J., Bhumannavar, B.S., Ramani,S. andKumar, P, Indian Institute of Horticultu ral Research,
3003, Prospects for biclagical control of slien weeds n -~ Bangalore
India. Invited paper presented at the National Seminar on

Alien Invasive Weeds in India. Assam Agricultural Krishnamoorthy, A., Rama, N., bani, M.and e

University, Jorhat and National Research Centre for Weed
Science; Jabalpur, 27-29 Apnil 2003, Jorhat, Souvenirand
Abstracts of Papers, pp. 38-41.

Ramani, S. and Bhumannavar, B. S. 2003, Glassical biological
control, biodiversity and invasive pests in India, Presented
in International Sympasium on Ecology of Biclogical
Invasions, University.of Dethi, New Delhi, 4-6 December,
2003.

Tandon, PL. and Bakthavatsalam, M, 2003. Parasitizafion efficiency
of Trichagramma chiloris ishii on Halicoverpa armigera
(Hiibner} eggs - influence of pigeenpea genctypes, In:
Biclogical Gonirol of Lepidopteran Pests (Eds. Tandon,
PL., Ballal, C.A., Jalali, S.K. and Rabindra, R.J.).
Proceedings of the Symposium on Biological Control of
Lepidoptaran Pests, Society for Biocontral Advancement,
Bangalare.

Tandon, PL., Ballal, C.R., Jalali, $.K. and Rabindra, R.J. (Eds.).
2003. Bislagical Control of Lepidapleran Fests,
Proceedings of the Symposium on Biclogical Controf of
Lepidopteran Pests, July 17-18, 2002, Seciety far Biocontrol
Advancement, Bangalore, 354 pp,

Venkatesan, T, Jalall, § K. and Murthy, K.5. 2003, Development
of arthiocorid predatar Cardiastathus exiguus on artificial
dietin comparisan with other hosts. In; Proceedings of the
Nationial Symposium on Frontier Areas of Entomological
Basearch, 5—7 Novernber 2003, Division of Entomology,
|ARL, Mew Delhi

Central Tobacco Research Institute, Rajahmundry

Gunneswara Ras, §., Sva Raju, K., Venkateswariu, P, and Naik,
PK. 2004. Role of varieties and time of sowing of castor

Binlogical centrol of diameondback moth, Plutelia xylostela
{Linnasus) in cabbage, integrating egy parasitaid,
Trichogrammatoidea baclrae Nagarsja with trap crop,
pp. 275-278, In: Biglogical Conirol of Lepidopleran Pests
(Eds. Tandon, F.LL., Ballal, C.R., Jalali, 5.K. and Rabindra,
R.l.). Proceadings ofthe symposium on biclogical control
oflepidopteran pests, Society for Biocontrol Advancement,
Bangalore,

Mani, M. 2002 Biological control of pests of fruit crops in India. In:

Management of insect pests, diseases and physiciogical
disorders of fruit crops, pp. 39-57 (Eds, T.AMare,
S R Kulkarni, 8.0 Warade, A MNavale, R T.Sapkal and
\ B.Jadhav). Centre for advanced studies in Horticutiure
(Fruits), MPKV, Rahuri,

Mani, M. and Krishnamcorthy, A, 2003, Seasonal activity of eqg

parasitoids Telenomus sp. and Goencyrtus papilanis
Ashmead on poregranate fruit borer Deudorlx isocrates
{Fabricius), pp. 67-70. In: Bialogical Controt of
Lapidopteran Pasts(Eds. Tandon, PL., Ballal, C.R., Jalall,
S K. and Rabindra, A.J.). Proceedings of the symposium
on biological conirol of lepidapteran pests. Society for
Biocontrol Advancement, Bangalore,

Mani, M., Dinesh, M.S. and Knshnamoorthy, A. 2003, Survey

and evaluation of natural enemies of the exolie spiraling
whitefly Aleurodicus dispersus Russell on vegetablesin
perninsularindia, pp. 315-318. Proceedings of Infemational
Gonference on Vegelables, Novembar 11-14, 2002,
Bangalore, India.

Indian Agricultural Research Institute, New Delhi

Srivastava, K L 2004, PUSA BT and PUSA BT (TYPKL] - Twao

new water dispersitle (WDP) formulations of Bacillus
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thuringiensis. Abstract of paper presented in National
conference onrole of bio-pesticides, bio-agents and bio-
fertilizers for sustainable agriculture and hericulture, 13-
16 February 2004, Lucknow,

Sugarcane Breeding Institute, Coimbatore

Srikanth, J., Eagwaramoorihy, S., Shanmugasundaram, M. and
Kumar, R. 2003. Evaluation of two rearing methods of
Cotesia flavipes Cameron (Hymenoptera: Braconidae), a
parasitaid of sugarcane harers. Praceedings of the 657
Arnual Convention of Sugar Technologists' Associafion
of India, pp. 75-86. Bhubaneshwar, India, August 22-24,
2003.

Srikanth, J. 2004. The epidemic of sugarcane woolly aphid
Ceratovacuna lanigera Zehntner {Homoptera: Ahididae]
in western India: an appraisal. National Seminar on Use
of Approprate Varieties and Management Practices for
Impraving Recovery of Sugarcane, Sugarcane Breeding
Institute, Coimbatore, January 19-20, 2004.

Acharya N.G.Ranga Agricultural University,
Hyderabad

Dharma Reddy. K. and Rahman, S.J. 2003, Integrated Pesl
Management (IPM) in harifVegetable Crops - Prospects
and Constraints. In: Proceedings of the Training
Pragramme on IPM, Directorate of Qilseeds Research,
{DCR), Hyderabad,

Punjab Agricultural University, Ludhiana

Brar, K.5., Singh, J., Shenhmar, M., Kaur, 5., Kaur, S, Joshi, N..
and Singh, 1. 2003, Integrated management of Helicoverpa
amigera{Hubner) on tomato, pp, 271-274. In: Biological
Control of Lepidopteran Pests (Eds. Tandon, PL., Ballal,
C.R. Jalali, S.K.and Rabindra, R.J).), Proceedings of the
Symposium on Biologica! Control of Lepidopteran pesis,
Society for Biogentrol Advancement, Bangalore,

Shenfimar, M., Singh, J., Singh, S.P., Brar, K.5. and Singh, D.
2003. Effectiveness of Trichogramma chilonss lshi for the
management of Chilo aurciivs Dudgecn on sugarcangin
differentsugar mill areas of the Punjab, pp. 333-335. In:
Biological Contral of Lepidopteran Pests (Eds. Tandan,
PL., Ballsl, C.R., Jalali, S.K. and Rabindra, R.J.L
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Proceedings of the Symposiurm on Biclogical Contral of
Lepidopteran pests, Society for Biocontrol Advancement,
Bangalare.

Singh, J., Brar, K.8., Shenhmar, M., Kaur, 8., Kaur, S., Joshi, M.,
and Singh. 1. 2003. Evaluations of Trichogramma
brasifilense Ashmead, nuclear polyhedrosis vius and
endosulfan for the management of Heficoverpa armigera
{Hubner) on tamato, pp. 337-40. In: Biolagical Conlrol of
Lepidopteran Pests{Eds. Tandon, PL., Ballal, C.R., Jalali,
S K. and Rabindra, R...). Proceedings of the Symposium
on Biological Control of Lepidopteran pests. Saciety for
Biocontrol Advancement, Bangalore.

Virk, J.8. and Brar, K.S. 2003. Effect of cultural practices on the
efficiency of Trichogramma chilanis Ishiiforthe management
of cotion bollwemms, pp. 341-346. In: Biolegical Control of
Lepidopteran Pests(Eds. Tandon, PL., Ballal, C.R., Jalal,
S.K.and Rabindra, B.J.). Proceedings of the Sympasium
on Biological Contral of Lepidopleran pests, Society for
Bincontrol Advancement, Bangalare.

Kaur, S., Brar, K.8. and Shenhmar, M, 2004, Rola of Coccinelia
septempunctata in the management of wheat aphid. 7"
Purnjab Science Congress, Guru Nanak Dev University,
Amritsar, Feb. 7-9, 2004: AJ 8 [Abglract).

Joshi, N., Brar, K.S.. Singh, J., Singh, P. and Shenhmar, M. 2004.
Management of leafblastin rice using hicagents. 7 Punjab
Scierca Congress, Guru Nanak Dev University, Amritsar,
Feb. 7-9, 2004: Ab 53 {Abstract).

Singh, D.P, Brar, K.S., Kanta, U, and Gauray, 2004, Development
of bic-intensive | PM module for the management of maize
barer, Chilo partelius {Swinhoe) on Kharfmaize in Punjab.
National Conference on Role of Bio-pesticides, Bio-agenis
and Bio-fertifizers for Sustainable Agriculture and
Horticulture, held at Lucknow, February 13-16, 2004
|Abstract oral-9).

Kanta, L., Kaur, 8., Singh, D.F. and Brar, K.8. 2004, Bic-
suppression of Chilo partefius on Khanf maize with
Trichagramma chilonis, p. 48 (abstract). Sympasium on
Ernironmental Pollution: Genetic Risk and Impact on Global
Health, CCS Haryana Agricultural University, Hisar, March
3-5, 2004,

am—
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Dr. Y. S. Parmar University of Horticulture and
Forestry, Nauni, Solan

Gupta, P R, 2003, Biclogical control of the San Jose scalain India,
0. 220. In: Baok of Abstracts, 7" International Symposium
on Temperate Zone Fruits in the Tropics and Subtropics,
14-18 October, 2003, Solan, India.

Gupta, P.R. and Sood, A. 2003. Incidence, natural mortality factors
and management of cabbage butterfly, Plens brassicae
(Linnzeus) by Baciilus thurngiansis subsp. kurstakiin mid-
hills of Himachal Pradesh, pp. 255-260. In; Biofogical
Controlof Lepidopteran Pests(Eds. Tandon, PL., Ballal,
C.R., Jalali, 5.K.and Rabindra, R.J.). Proceedings of the
Symposium on Bialogical Control of Lepidopteran pests,
July 17-18, 2002, Sociaty for Bioconirol Advancement,
Bangalore.

Gupta, PR., Sood, A. and Dayal, K. 2003, Impact of release of
green lacewing on woally apple aphid and waiting pericd
for insecticide application, pp. 419-420. In; Proceedings
of the National Symposium on Frontier Areas of
Entomalogical Research (Eds. Subrahmanyam, B, and
Ramamurthy, VL), 5-7 November, 2003, organized by
Division of Entomelogy, |.AR.L, and Entormological Society
of India, New Delhi.

Sood, A, and Gupta, P.R. 2003, Studiss on seasonal abundance
of woolly apple aphid, Eriosoma tanigerum (Hausmann)
and its natural enemies in midhill regions of Himachal
Pradesh, p. 261. [n: Book of Abstracts, 7" Intemational
Syinposium on Temperate Zane Fruits in the Tropics and
Subtropics, 14-18 Cclober, 2003, Solan, Inia.

College of Agriculture (Mahatma Phule Krishi
Vidyapeeth), Pune

Pokharkar, D.S., Ghorpade, S.A,, Bade, B.A, and Chaudnari,
(.8 2003, Evaluation of botanicals for their toxicity to
parasitoids of potato tuber moth, Phthorimaes operculeda
{Zellery in storage. pp. 239-240. In: Proceedings, State
Level Seminar on Past Management for Sustainable
Agricufture, Maharashtra Entomolagical Sociely, MAU,
Parbhani.

EER

Book Chapter/Popular article/Technical bulletin/
Folders

Dubey, O.P. and Hussaini, 5.5. 2003. Entomopathogenic
nematodes forinsect pest contral, pp. 1-14, In: Hussaini,
S S et al (Eds.). Curent Status of Research on
Entomopathogenic Nematodes in India. Project
Directorate of Biological Contral, Bangalore, 218 p.

Hussaini, 8.5, 2003. Progress of Research work on
Entomopathogenic nematades in India, p. 27-68. Inc
Hussaini, 5. S, etal. (Eds.) Current Status of Aessarch
an Entomapathogenic Nematodes in India, Project
Directorate of Biological Cantral, Bangalore, 218p.

Hussaini, 5.5., Rabindra, A.J. and Magesh, M. 2003. (Eds.)
Current Stafus of Research on Entomopathogenic
Nematodes in India. Project Directorate of Biological
Control, Bangalore. 218 .

Hussaini, $.5., Singh, S.P and Shakeela, V. 2003, Variable efficacy
of different formulations of entomopathogenic nematodes
against black cutworm, Agrotis ipsifon (Hufnagel) larvag,
pp. 198-198. In: Biological Conirol of Lepidopteran Pests
(Eds. Tandan, PL., Ballal, C.R., Jalali. 5.K. and Rabindra,
R.J.}. Proceadings ofthe Symposium on Biclogical Control
of Lepidopleran pesis, Society for Biocentrol Advancement,
Bangalore.

Jalali, S.K., Rabindra, R.J., Rao, N.S. and Dasan, C.B. 2004,
Mass production of inchogrammatids and chrysopids.
Technical bullstin No. 33, Project Directorate of Biclogical
Control, Bangalare. 16 p.

Joshi, S., Mohanraj, P, Rabindra, R.J. and Rao, M.5. 2003.
Production and use of coceineliid predatars. Technical
bulletin No.32, Project Directorate of Biological Cantrol,
Bangalore. 26 p.

Marayanan, K. 2003, Mass Production, formulation, application
and utilization of entomopathogens, pp. 483-524. In:
Binagents and biopesticides in insect pest management
{Ed. R.P. Srivastava), Interatienal Bock Distributing Co.,
Lucknow,
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Poorani, J. and Ramani, 5. 2003. Status of Biosytemalics of
agriculturally important insects of India with particular
reference lo bioagents, pp. 461-475. In: Perspectives on
Biosyternatics and Biodiversity. Prof. T.C. Narendran
sommemaration voluma (Eds, K. Rajmohan, K. Sudheer,
P. Girish Kumarand S. Santhosh), University of Calicut,
Calicut.

Rabindra, A.J, 2003, Role of Biological Control, The Hindu Survey
of Indian Agriculture, The Hindu, 141-142.

Rabindra, R. J. and Rag, N, S. 2003. Human resource
develapment in biological control. In: Proceedings of
the NATP interactive Workshop on Integrated Pest
Management, February 26-28, 2003, New Delhi,
pp.212-219,

Rabindra, R.J., Sathiah, M., Jayanth, K.P. and Gupta, R.K. 2003.
Ceommercial scale production and Formulation of Nuclear
Palyhedrosis Viruses of Helicoverpa armigera and
Spodoplera litura, In; Proceedings of the NATP
interactive Workshop on Integrated Pest Management,
February 26-28, 2003, pp. 32-40

Rabindra, R.J and Hussaini, 5.5. 2003, Scope of biological contral
ofinsect pests using entomopathegenic nematodesin India,
pp. 15-26, In: Hussaini, 5.8, efal. (Eds.), Current Sialus
of Research on Entomopathogenic Nematodes in India.
Project Directorate of Biological Centrol, Bangalore. 218

Pp-

Indian Institute of Horticultural Research,
Bangalore

Krishnamoorthy, A, 2003a. |PM package for tomato with safe
pesticide residue. IHR Extension Folder (NATP)-03,
8p

Krishnamaorthy, A. 20020, [PM package for chill with safe pesticide
residue. ||IHR Extension Folder (NATP}-04, 6 p.

Krishnamoorthy, A. 2003¢ . IPM package for cabbage with safe
pesticitie residue. IIHR Extension Folder (NATP)-05, 6 p.

Krishnamoorthy, A. 200 d. IPM package for vegetables with safe
pesticide residue. IIHR Technical Bulketin, 34 p.
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Indian Agricultural Research Institute, New Delhi

Srwastava, K L 2003 Importance of Bacilus thuringiensis in contro
of insect pests, pp. 269-286. In: Biopesticides and bio-
agents in [ntegrated Pest Management of agricuftural crops
(Ed. R.P. Srivastava). International Book Distributing Co..
Lucknow,

Acharya N.G.Ranga Agricultural University,
Hyderabad

Rahman, S.J. 2003. Importance of NPV in the management of
Helicoverpa anmigera and mass production of Ha NPV at
farmars' level. Padpanialr 1{12): 17-19.

College of Agriculture (MPKV), Pune

Bade, B.A., Pokharkar, D.3., Chandele, A.G.and Gharpade, S.A,
2003, Biological control of crop pests, Sunrise 1:25-27 {in
Marathi).

Punjab Agricultural University, Ludhiana

Shenhmar, M. and Brar, K.S. 2003, Role of augmentative release
of Trichogramma japonicum Ashmead in the control of
Scimophaga excerptalis (Walker) an sugarcane, pp. 13-
15. In: Ignacimuthu, S. and Jayaraj, S. (eds ), Biological
control of insect pests. Phoenix Publishing House Pyt
Ltd.. New Delhi,

Shenhmar, M., Brar, K., and Singh, J. 2003. Field evaluation of
Trichogramma chilonis against early shoat borer, Ghilo
infuscatellus Snellen of sugarcane, pp. 16-19. In:
Ignacimuthu, 3. and.Jayaraj, S. (eds.), Biclagical control
of insect pests. Phoenix Publishing House Pvt. Ltd., New
Delhi.

Brar, K., Singh, J., Shentmar, M., Singh, J. and Singh, J. 2003.
Management of cotton bollworms with egq parasitoid,
Trichogramma chifonis 1shil in Punjab, pp. 20-24. In:
Ignagimuthu, §. and Jayaraj, S. (eds.), Biclagical confrof
of insect pests, Phoenix Publishing House Pyt Lid., New
Dehi.
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11.

LIST OF APPROVED ONGOING
PROJECTS

Basic Research

Project Directorate of Biological Control,
Bangalore

1.
5
3

10.

1.

12.

13.

Biosystematic studies on predatory coccinellids
Biosystemalic studies on Indian Tachinidag

Introduction and studies on exotic natural enemies
of some important crop pests and weeds

Development of interactive identification key for
important families of insect parasitoids and
predators

Rearing and evaluation of natural enemies with
special reference to scelionid, braconid,
ichneumonid and anthocorid groups

Development of mass production techniques for
dipteran (Diptera: Cecidomyiidae} and acarine
(Arachnida; Acarina) predators for use in biological
control programmes

Herbivore-induced plant synomones and their
utilization in enhancement of the efficiency of natural
enemies

Host-derived kairomones to enhance the efficiency
of natural enemies

Development and use of insect viruses for the
management of major pest complex of cruciferous
crops

Development of improved formulations of NPV for
management of Helicoverpa armigera and
Spodoplera litura In tomata

Biocontrol of insect pests using entomopathogenic
fungi and development of mycoinsecticides

Mass production, formulation and field testing of
entomopathogenic nematodes against important
lepidopteran pesls

Biological suppression of plant parasitic nematodes
exploiting antagonistic fungi and bacteria in specific
cropping systems

14.

15.

16.

18.

19,

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

Identification of pathogans of phytophagous mites
and assessment of their potential in microbial contral

Detelopment and evaluation of improved sirains of
trichogrammatids, Cheilomenes sexmaculata and
Chrysoperla carnea tolerant to Insecticides,
termperature and high host searching ability

Development and formulation of artificial diets for
the rearing of coccingllids and anthocorids

. Development and evaluation of artificial diets for

Opisina arenosella and Plutelia xylostelfa and studies
on host-parasitoid inferrelations

Software development for identifying and suggesting
biosuppression measures for different crop pests
using personal compuler

Developing a database on microbial biocontrol
agents

NATP-Funded Projecls at Project Directorate of
Biological Control, Bangalore

Team of Excellence for Human Resource
Development in Biological Cantrol

Validation and Promotion of IPM Technology in
Selected Crops in Different Agroecological Regions

Development of IPM modules for oilseeds and
nutritious cereals based production systems

Development of hio-intensive 1PM modules in
chickpea against Helicoverpa armigera, wilt and dry
root rot {(RPPS-T)

Contro! of leaf curl viral diseage in cotton and
development of protocols for mass multiplication of
predators, parasitoids and insect pathogens

Development of integrated pest management
package for tne eriophyid mite (Aceria guerreronis
Keiter} of coconut in ihe southem states

Improvement of formulation technology for
entomopathogenic nematodes

Isolation of baculoviruses from larval Arctiidae
(Lepidoptera) and standardization of mass
production technigues of  promising
entomopathogenic strains
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Other sources

1. Mass Production of Quality Bicagents/Biopesticides
(DAC}

2. Development of efficient strains of biocontrol
through molecular manipulations / techniques

(DAC)

3. Ewolving and testing superior strains of Sleinemema
sp. and Helerorhabditis sp. against Spedoplera litura
in field (ICAR Cess)

4, Isolation, purification and characterization of novel
insecticidal toxins from Phatorhabdus iuminescens
and Xenorhabdus spp. of bacleria from
entomopathogenic nematodes (DBT)

5. Developing a mycoacaricide for suppressing the
caconut mite — Phase | (CDB)

Indian Agricultural Research Institute, New Delhi

1. Basic studies on and maintenance of Bacilius
thuringiensis strains

[
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2. Studies on formulations of microbial pesticides
based on baculoviruses and Bacillus thuringiensis

3. Supply of improved formulations of Bf and NPV to
PDBC for confirmatory screening tests

Applied Research

G.B.Pant University of Agriculture and Technology,
Pantnagar

1. Evaluation of seed biopriming with Trichoderma
harzianum (TH) and Pseudomonas fluorescens
(PsF) and TH enriched FYM technologies

2. Evaluation of Trichoderma spp. against soil-bome
diseases in pigeon pea

3. Evaluation of Trichoderma spp. against soil-borne
diseases in chickpea

4, Management of foliar diseases using TH and/or PsF

5. Shelf-life of Twchoderma and / or Pseudomonas
formulations with different moisture levels

Biological suppression of crop pests and weeds

Centre Crop Experiments

Regional Station (CPCRI), | Coconut Evaluaticn of method of release of Goniozus nephanticis

Kayangulam against O. arenosella; Field evaluation of Cardiastethus
exiguus against O. arenosella

CTRI, Rajamundry Tobacco Biological Conirol of Helicoverpa armigera on tobacco;
Identification and utilization of biocontrol agents for the
management of Spodoplera exigua

Saybean Evaluation of BIPM package on soybean
[IHR, Bangalore Fruits Evaluation of Trichogramma chilonis against pomegranale

fruit borer Deudorix isocrates; Integration of T. chilonis with
Bt for the control of pomegranate fruit borer Deudorix
isocrates; Colonization of Encarsia guadeloupae on
spiralling whitefly in guava orchards; Efficacy of different
fomulations of Verticilium fecanii against the mealybugs,
Planococcus citri and Maconellicoccus hirsufus; Field
efficacy of Metarhizium anisopfiae against manga hoppers;
Evaluation of Bacifius thuringiensis against pomegranate
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fruit borer, Survey for natural enemies of fruit fies on guava
and mango; Demenstration of bislogical control of
mealybugs on grapes; Evaluation of Btformulations against
citrus leaf miner; Evaluation of Bt formulations against
pomegranate fruit borer

Vegetables

Biological control of insect pests of okra; Investigations on
the potential of selected biocontrol agents against
Diaphania indica infesting cucurbits; Evaluation of Orius
spp. against thrips infesting chilli; Evaluation of Verticihium
fecanii against thrips infesting chilli

[ISR, Lucknow

Sugarcane

Survey and surveillance of woolly aphid and its natural
enemies; Survey far current status of sugarcane woolly aphid
and Iis natural enemies including status of alternate host
plants; Maintenance and supply of Epiricania melanoleuca
for use against Pyrilla perpusilia and Field evaluation of
Trichogramma faponicum against Scirpophaga excerpialis

SBI, Coimbatore

Sugarcane

Survey and surveillance of woolly aphid and its natural
enemies; Survey for current status of sugarcane woolly aphid
and ifs natural enemies including status of altemate host
plants; Influence of crop management practices on
sugarcane woolly aphid and its natural enemies; Evaluation
of potential natural enemies

AAU, Jorhat

Sugarcane

Survey and surveillance of woolly aphid and its natural
enemies; Survey for current status of sugarcane woolly aphid
and its natural enemies including status of altemate host
plants; and Field evaluation of Trichogramma chilonis
against Chifo tumidicostalis

Pulses

Survey for natural enemies of pigeon pea seed weevil, Apion
clavipes

Rice

Isolation of fungal pathogens from rice ecosystem; Search
for Trichogramma spp. and other egg parasitoids of rice
hispa, Development of bigintensive IPM for rice stem borer
and disease management; Evaluation of Trichogramma
Jjaponicum against rice leaf folder; Evaluation of fungal
pathogens on sucking pests of rice

Weeds

Monitoring, evaluation and impact assessment of
Neochefina erchhormae, N. bruchi and Orthogalumna
teretrantis against Eichhornia crassipes; Survey and
guantification of natural enemies of Mimosa rubicaulis
subsp. himalayana and M. invisa
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ANGRAU, Hyderabad

Sugarcane

Survey and surveillance of woolly aphid and its natural
ernemies; Survey for current status of sugarcane woolly
aphid and its natural enemies including status of altemnate
host plants; Influence of crop management practices on
sugarcane woolly aphid and its natural enemies;
Evaluation of potential natural enemies; Method of mass
production of Dipha and Micromus

Cotton

BIPM far Bt cotton

Vegetables

BIPM for brinjal fruit and shoot borer

GAU, Anand

Cotton

BIPM far Bt cotton; Standardization of release technology
fur Trichogramma chilonis for ballwerms; Influence of
cotton cultivarsthybrids on the parasitization efficiency of
Trichogramma chitonis

Pulses

Biological control of pigeanpea cyst nematodes and
disease complex: Microbial contral of H. armigera and
Adisura atkinsoni on lablab

Qilseeds

Biological control of the aphids Lipaphis erysimi and
Bravicoryne brassicag (L. erysimi on mustard)

Weeds

Monitoring, evaluation and impact assessment of
Neochetina eichhorniae, N. bruchi and Orthogalumna
terebrantis against Eichhornia crassipes; Monitoring,
evaluation and impact assessment of Zygogramma
bicalorata against parthenium

KAU, Thrissur

Rice

Isolation of fungal pathogens from rice ecosystem;
Evaluation of Trichogramma japonicum against nice leaf
folder; Evaluation of fungal pathogens on sucking pests of
rice; Impaet of organic farming on conservation and
augmentation of natural enemies of rice pests

Coconut

Evaluation of method of release of Goniozus nephantidis
against 0. arenosella; Field evaluation of Cardiasietius
exiguus against O. arenosella

Fruits

Colonization of Encarsia guadeloupae an spiralling whitefly
in guava orchards

Weeds

Menitoring, evaluation and impact assessment of
Neochetina eichhorniae, N. bruehi and Orthogalumna
lerebrantis against Eichhornia crassipes: Monitaring,
evaluation and impact assessment of Cyrlobagous
salviniae against Salvinia molesta
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MPKV Pune

Sugarcane

Survey and survelllance of woolly aphid and its natural
enemies; Survey for current status of sugarcana woolly aphic
and its natural enemies including status of alternate host
plants; Influence of crop management practices on
sugarcane woolly aphid and its natural enemies; Evaluation
of potential nalural enemies; Method of mass production
of Dipha and Micromus; Evaluation of fungal pathogens
against sugarcane woolly aphid and Bicintensive pest
management practices for sugarcane scales

Cotion

BIPM for Bt cotton

Fruits

Colonization of Encarsia guadeloupae on spiralling whitefly
in guava orchards; Demonstration of binlogical control
of mealybugs on grapes

PAU, Ludhiana

Sugarcane

Waintenance and supply of Epiricamia melanoleuca for use
against Pyrifta perpusila

Catton

Standardization of release technology for Trichogramma
chilanis for bollwerms; Influence of cotton cultivars /
hybrids on the parasitization efficiency of Trichogramma
chilonis

Rice

isolation of fungal palhogens from rice ecosystem:
Evaluation of Trichogramma japonicum against rice leaf
folder; Impact of organic farming on conservation and
augmentation of natural enemies of rice pests

Vegetables

BIPM in Tomato; Fixing the dose of NPV for the
management of Helicoverpa armigera on fomato

Weeds

Monitaring, evaluation and impact assessment of
Neochetina eichhomiae, N. bruchi and Orthogalumna
terabrantis against Eichhormia crassipes

SKUAS & T, Srinagar

Fruits

Quantification of natural incidence of parasitoids of San
Jose scale on apple, in order to fix the release rates; Current
status of San Jose scale, woolly aphids and their natural
enemies on apple; Microbial control of white grubs on
turf

Vegetables

Effectiveness of various microbial pesticides and summer
oil against Pieris brassicae an kale/knol khal; Evaluation of
some fungal biocontrol agents for the control of cabbags
aphid (Brevicoryne brassicag), Allempis to isolate
nuclear polyhedral viruses from tent caterpillar and Piers
brassicae

TNAU, Coimbatore

Sugarcane

Survey for current slatus of sugarcane woolly aphid and its
natural enamies including status of alternate host plants;
Influence of crop management practices on sugarcane




) .

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

2003-2004

waoolly aphid and its natural enemies; Evaluation of potential
natural enemies and fungal pathogens against
sugarcane woolly aphid

Cotton BIPM for Bl cotion

Pulses Biological control of pigecnpea cyst nemalodes and
disease complex; Microbial control of H. armigera and
Adisura atkinsoni on lab-lab

Rice Evaluation of fungal pathogens on sucking pests of rice

Qilseeds Long-term cantrol of Amsacta albistriga on groundnut by
generating epizootics of NPV

Coconut Field evaluation of Trichogramma embryophagum against
Opisina arenosella

Fruits Celonization of Encarsia guadeloupae on spiralling whitefly
in guava orchards

Vegetables BIPM for brinjal fruit and shoot borer

Weeds Monitoring, evaluation and impact assessment of

Zygogramma bicoforata against parthenium

DrYSPUH & F, Solan Qilseeds Biological control of the aphids Lipaphis erysimi and
Brevicoryne brassicae (B. brassicas on cole crop)

Fruits Evaluation of Trichogramma chilonis against pomegranate
fruit borer Deudorix isocrates; Quantification of natural
ingidence of parasitoids of San Jose scale on agple in
order to fix the release rates; Current siatus of San Jose
scale, woolly aphids and their natural enemies on apple;
Studies on predators of phytophagous mites on apple

Vegetables BIPM in Tomato; Effectiveness of various microbial
pesticides and summer oil against Pieris brassicae
{Lepidoptera: Pieridae) on kale/knal khol; Evaluation of
some fungal biceontrol agents for the control of cabbage
aphid {Brevicoryne brassicae)

Weeds Manitoring, evaluation and impact assessment of
Zygogramma bicolorata against parthenium
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12, CONSULTANCY, PATENTS, COMMERCIA- - Supply of quality biocontrol agents to different
LIZATION OF TECHNOLOGY research and development departments of

central and siate governments

e  Consultancy service provided for
e Patent applied for

- EAG and GC-MS analyses of samples received

1 i A simple and novel design for small-scale solid
from various organizations

state mass production unit for antagonistic fungi
on 30" September 2003

Supply of NPV formulations Consultancy for GC-MS analysis
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13. MEETINGS HELD AND SIGNIFICANT

DECISIONS MADE

Eighth Research Advisory Committee Meeting
held on 14" and 15" October 2003

Recommendations

T

The need for training in Biosystematics in
internationally acclaimed centres of excellence was
emphasized. The Chairman, RAC, remarked that
the economic benefit should be the criterion for
selection of groups for taxonomic / biosystematic
studies:

The need for importation of natural enemies was
emphasized and as a first step It was suggested that
a project praposal on importation of parasitoids of
Helicoverpa armigera and Liriomyza trifolifl be
prepared for submission to 1ICAR undsr Cess Fund
Project.

Exploration of Southeast Asian countries may be
considered to import effective natural enemies of
sugarcane woolly aphid.

Since Telenomus has been found to be promising
against Spodoptera lifura, a programme may be
included for multi-location testing under the AICRP
during 2004-05.

The PDBC may develop linkages with the
Directorate of Oliseeds Research for better
utilization of Bt products developed for the
management of castor semilooper.

As whitegrubs are a serious problem on ginger in
Sikkim, a suitable strain of EPN may be developed
for field testing at Gangtok.

For formuiations of Paecilomyces lilacinus,
Trichoderma, Metarhizium anisopliae, etc., optimum
meisture content for enhanced shelf life must be
identified,

Since Spodoplera exigua is emerging as an
important pest, attempts should be made to
standardize techniques for its mass production,

1.

12.

13,

14.

17.

Nosema infection, it any, in nucleus colony of insects
must be eliminated following standard procedures.

Information on biopesticide producers and farmers
adopting biocontrel technologies may be included
in information systems on biocontrol.

Research efforis on developing biocontrol strategies
for pigeon pea may be strengthened through the
AICRP programme in view of the crop's importance.

Research on biocontrol-based IPM of brinjal shoot
borer may be intensified.

Sirains of Trichoderma with enhanced chitinase and
glucanase activity may be identified. The pfant
pathologists involved should be adequately trained
in this area.

Allthe microbial biccontrol agents available at PDBC
may be freeze-dried and maintained in a repository.

The work on Amsacta atbistriga NPV under the
lateral funded preject of NATP is interesting. Efforts
teinduce NPV epizootics for long-term managemant
of Amsacta albistriga are promising. The work can
be intensified with the help of various stakeholders
like Department of Agriculture, Farmers' Self Groups
and NGOs.

Greater attention should be paid for developing
biocontrol strategy for sugarcane woolly aphid.

Under ICAR Adhoc Programme on woolly aphid,
|ARL, G. B. Pant University and ather institutions fram
the states where the sugarcane woolly aphid is
present may be included as a part of network
programme,

A national workshop on biocontrol of Helicoverpa
armigera may be organized along with the next work
group meeting at PDBC. Possibility of condusting
an intemational workshop in the year 2006 may also
be explored.

improved methods of release of Trichogramma may
be developed.

Efforts to collect natural enemies from areas of low
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20.

21.

22,

23.

24,

D5

26.

2v7.

oo
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mmarre

pesticide use, particularly northeastern region and
biodiversity-rich areas should be made. A cess-fund
project may be proposed on this aspect,

Efforts should be intensified to increase the potential
of Dipha aphidivora and Micromus for the
management of sugarcane woolly aphid,

In order to conserve valuable natural enemy fauna,
the possibility of establishing conservation reserves
in different states through centrally sponsored
programmes may be explored.

Goncerted efforts are necessary for development of
refined formulations and placement of enfemofungal
pathogens and antagonistic organisms.

The identification guide to coccinellids should be
printed as soon as possible. A proposal may be
sent to the Council for additional budget allocation
for printing.

The Chairman, RAC, suggested that Proceedings
of the AICRP Biocontrol Workers' Group Meeting
may be sent to all the RAC members.

A strong linkage should be developed with NCIPM
and biocantrol technologies developed by PDBC
should be passed on to NCIPM for validation.

An interactive workshop with Scientists of NGIPM,
Directors of Research and Plant Protection
scientists of various agricultural universities and
selected IGAR centers with strong bioconiro!
programmes may be arganized in order to promote
bigcontrol as a component of 1P,

PDBC should increase its efforts in developing
tioconirol fechnologies for the ma
diseases and nematodes as part of [P package.

. Voluntary ceniers mav be icenfifiea pased o hall

strenath i different areas of biocontrol for
strangthening researcn activities in the AICHP

el I Teetatc]
UL TR

Quinquennial Review Team- PDBC and AICRP
(Biocontrol)

The Indian Council of Agricultural Research
constituted the Quinguennial Review Team (QRT) to
review the work done at the Project Directorate of
Bialogical Control, Bangalore, during the period 1997-
2002 vide order F.No.16-21/02-1A.1V dated 28-10-2002.

The QRT consisted of the following experts:

Dt. C.P.S. Yadava, Former Vice-Chancellor,
Rajasthan Agricultural University, Bikaner {Ghairmany); Dr.
B. Senapati, Yice-Chancellor, Orissa University of
Agriculture & Technology, Bhubaneswar (member); Dr.
B.L. Jalali, Former Director of Research, Chaudhary
Charan Singh Haryana Agricultural University, Hissar
(member}; Dr. S. Lingappa, Director of Research,
University of Agricultural Sciences, Dharwad (member};
and Dr. J.G, Patel, Principal, G.P. College of Agriculture,
Sardar Krishinagar, Banaskantha (member).

The first meeting of the team was held at ICAR, New
Delhi, on 24" July 2003 and was chaired by Dr. G. Kallog,
DDG (CS & Hort.). The team visited 13 of the 17 centres
including the Project Directorate of Biological Control,
Bangalore, in & phased manner. During the visits, the
meambers interacted with the Heads of the Depariments/
Divisions, Directors of Research, Directors of Extension,
Vice-Chancellors of State Agricultural Universilies and
Directors of the ICAR Institutes. An effort was also made
to interact with producers of bigcontrol agents 17
commercial insectarias in India to have feedbact or
research needs and constraints in populanzing piocor
The final report was submitted to 1he Counci as per ire
format after discussion with the Institute Manausimen
Commities.

Staff Research Council Meeting

b
recommendations/com

as follows:
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The PDBC website should be revised with the latest
information

MPV production protacels may be published for the
benefit of stakeholders

The mass production laboratories must be
strengthened fo increase production activity

IS0 cerification may be thought of and a quality

RAC Membets interacting with QRT Chairman

QRT members having a look
at biopesticide formulations

Annnal Report
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contral faboratory may be sel up lo promote the
avalilability of quality products for biscontrol

Impact analysis of the technologies developed
and transferred should be made on priority basis.
The Director, NCAAP, may be consulted for the
protocols.

All scientists working on microbials should address
the issue of shelf life more vigorously

QRT members visiting the exhibition
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14. PARTICIPATION OF SCIENTISTS IN CONFERENCES, MEETINGS, WORKSHOPS, SYMPOSIA,
ETC.,ININDIA AND ABROAD

Project Directorate of Biological Control, Bangalore
Deputation Abroad

Dr.5.K Jalali, Senior Scientist, visited Russian Academy of Agricultural Sciences, Russia, on a study four on
“Biological and micrabiological control of pests and dissases™ from 28" July to 8" August 2003, under ICAQR-RAAS
Work Plan for 2002-03

Programmes attended by scientific personnel within India

Scientist

Name of the Symposium/Workshop/Meeting

Place & Duration

Dr. R.J. Rabindra

Annual Group Meeting of the All India 3-4 April, 2003,

Coerdinated Cotton Improvernent Project TNAU,Coimbatore

National Seminar on Alien Invasive Weeds in India 27-29 April, 2003
AAU, Jorhat

Classical Biological Control of Mikania micrantha with
Puccinia spegazzinii

97.28 June, 2003
NBPGR, New Delni

Dr. R.J. Rabindra,
DrK. Narayanan.
DrN.8. Rag,
Dr.B.S.Bhumannavar,

Dr.N.Bakthavatsalam,

and Dr.TVenkatesan

X1l Biocontrol Workers' Group Meeting on biclogical
control of crop pests and weeds

3-5 July, 2003
GAU, Anand

Dr. R.J. Rabindra

National Symposium on Frontier Areas of
Entomelegical Research

5" MNovernber 2003
|ARI, New Delni

Research Advisory Commitiee meeting

28" Movember 2003
NGIPM, New Delhi
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Biodiversity, Biosignalling and Biotechnology
in Insect Plant interacfions: Changing
Trends in Entomological Research

29" November 2003
Layola College,
Chennai

Naticnal Symposium on Green Pesticides for
Insect Pest Management

5-6 February 2004
Loyola Cellege.

Chennai
National Gonference on Role of Biopesticides, 14" February 2004
Binagents and Bicfertilisers for Sustainabie AIBA, New Delhi

Agriculture and Horticulture

National Conference on Organic Farming for

23" March 2004

Sustainable Production IARI, New Delhi
Dr. N.S. Rao IPM strategies on rice, cotton, redgram and 2-3 December 2003
bengal gram RARS, Guntur
Sieps and procedural formaliies for production of 26-27 December 2003,
video film on Betacam SP format NAARM, Hyderabad
Dr. NS Rao & National Conference on Transgenics in Indian 9-10 March 2004
Or.P.Sregramakumar | Agriculture NASC, New Delhi
Dr.N.S.Rao National Conference on "Seed: A Global Perspectiva” 26-28 March 2004
NASC, New Delhi
Dr. 5. Ramani International Symposium an Ecology of 4-6 December 2003
Biological Invasions University of Delhi,
New Delhi
Dr. M. Nagesh APNL Biotechnology Meet on Plant Parasific 12-13 October 2003
Nematodes in A.P. and Project Screening for Funding Osmania University,
Hyderabad
XIII Biennial Group Meeting: AIGRP on Plant parasitic 23-24 December 2003
nematodes with integraied approach for their control JLNKWV, Jabalpur
Dr. (Ms.) National Convention on Sexual Harassment and 2-3 May 2003

K.Veenakumari

Gender Justice

Taj Residency, Bangalore

Dr.T.Venkatesan National Symposium on Frontier Areas of 5-7 November 2003,
Entomological Research [ARI, New Delhi
Dr. P. SreeramaKumar | International workshop on coconut mite 5-5 April 2003

Hotel Atria, Bangalore

Classical biclogical contrel of Mikania micrantha with
Puccinia spegazzinii: Implementation phase

27-28 June 2003
NBPGR, New Delhi

Mr.S. Gunneswara Rao
& Dr. P Venkateswarlu

XlI Biocontrol Workers' Group Meeting on biological
control of crop pests and weeds

3-5 July, 2003
GAU, Anand

Annual Report
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Dr. M. Mani,
Dr.A Krishnamoorthy
& Dr.C.Gopalakrishnan

¥ Biocontrol Workers' Group Maeting on
bislogical contral of crop pests and weeds

3-5 July, 2003
GAU, Anand

Dr. K. L. Srivastava

National Sympesium on Frontier Areas of

5-7 November 2003,

Entomological Research 4RI, New Delhi
Dr. Arun Baitha XIl Biocontrol Workers' Group Meeting on 3-5 July, 2003,
biological control of crop pests and weeds GAU, Anand
Dr. J. Srikanth National Seminar on Use of Appropriate Varieties 19-20, January 2004,
and Management Praclices for Improving 3B, Coimbatore
Recovery of Sugarcane
X1l Biocontrol Workers' Group Meeting on 35 July, 2003
biological control of crop pests and weeds GAU, Anand
Dr. A Basitand XI| Biocontrol Workers' Group Meeting on 3-5 July, 2003AAL),
Dr. D.K. Saikia biological control of crop pests and weeds Anand
DrA.Ganeswara Rao | XII Biocontrol Workers™ Group Meeting on 3-8 July, 2003
and Dr.S.J.Rahman biological cantrol of crop pests and weeds GAU, Anand
Dr. DN Yadav, X1l Biocontral Workers' Group Meeting on 3-5 July, 2003
Dr.B.H.Patel and biclogical control of crop pests and weeds GAU, Anand
Mr.J.J . Jani
Dr({Ms.)S.PBeevi& | Xl Biocontrol Workers' Group Meeting on 3-5 July, 2003
DriMs.} K.R. Lyla biological contral of crop pests and weeds GAU, Anand
Dr.S.A Ghorpade and | XIl Biocontrol Workers' Group Meeting on 3-5 July, 2003
Dr.D.S.Pokharkar biological control of crop pests and weeds GAU, Anand
Dr.K.S. Brar, Xl Biocontrol Workers' Group Meeting on 3-5 July, 2003AAU,

Dr. Maninder, §,
Mr. Jagmohan Singh,
and Ms. Neelam Joshi

biological control of crop pests and weeds

Anand

Dr.R. Balagurunathan | Xil Biocontrol Workers™ Group Meeting on 3-5 July, 2003
and Dr. N. Gathiah biclogical control of crop pests and weeds GAU, Anand
Dr. P. R. Gupta and X Biocontrol Workers® Group Meeting on 3-5 July, 2003
Dr. Anil Sood biological control of crop pests and weeds GAU, Anand

Seventh International Symposium on
Temperate Zone Fruits in the Tropics and Subtropics

14-18 Octlober, 2003,
Dr.YSPUH & F. Solan,
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1% WORKSHOPS, SEMINARS, SUMMER ®  Group meeting of Antagonistic Organisms in Plant
INSTITUTES. FARMERS' DAY, ete. Disease Management: 10" & 11" July 2003

Organized @ FEighth Research Advisory Committee meeting,

) ) ) PDBC, Bangalore: 14 & 15" October 2003
® Brainstorming session on Entomopathogenic

nematodes: 22-01-2003 ®  Brainstorming session on the Management of black
headed caterpillar of coconut at PDBC, Bangalore:

@ Ninth Institute Management Committee meeting: 16-10-2003

10-02-2003

»  Inception Workshop of the ICAR-GABI collaborative @ Institute Joint Staff Council Meeting: 17-03-2004
project entitled, "Classical biological control of
Mikania micrantha with Puccinia spegazzinii Celebrated
Implementation phase” at NBPGR, New Delhi; 27-
28" June 2003

»  Twelfth Biocontrol Workers” Group Meeting, Gujarat
Agricultural University, Anand: 3 fo 5" July 2003

Anti-Terrorism Day on 21* May 2003
ICAR Foundation Day on 168" July 2003

T

Delegates of the Brainsiorming session on
Entomopathogenic nematodes

Delegates of the 12th All India Biocontrol Workers Group
Meeting held at Anand
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16. DISTINGUISHED VISITORS

Project Directorate of Biological Control,
Bangalore

Dr. (Mrs.) Manju Sharma, Secretary, Depariment of
Biotechnology, Government of India, New Delhi, on 9"
April 2003

Dr. M.V. Rao, Former Special Director General,
ICAR, New Delhi on 29" August 2003.

Dr. Nadykta Valdimir, Head, Dr. Ismailov Valdimir,
Deputy Director and Dr. Kovalenkov Viacheslav, All Russia
Research Instifute of Biological Plant Protection,
Krasnodar, Russia, from 13" fo 22™ October 2003.

Dr. A.F.G. Dixon, UEA, United Kingdom, on 10"
December 2003.

Dr. M. V. Rao visiting the Biotechnology Laboratory
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17. PERSONNEL Central Tobacco Research Institute, Rajahmundry

Project Directorate of Biological Control,
Bangalore

Scientist 3G
Sclantist 5§

Mr. 8. Gunneswara Rao

Dr. P. Vienkateswarlu

Dr. R.J. Rabindra

Dr. P.L. Tandon

Dr. K. Narayanan

Dr N.S. Rao

Mr. S.R. Biswas

Dr. 5.8. Hussaini

Dr. B.S. Bhumannavar
Dr. N. Bakthavatsalam
Dr. (Ms.) Chandish R Ballal
Dr. 8. Ramani

Dr. S.K. Jalali

Dr. B. Ramanujam

Dr. Prasanth Mohanraj
Dr. M. Nagesh
Dr.({Ms.)K.Veena Kumari
Dr. T. Venkatesan

Dr. (Ms.) J. Poorani

Dr. P. Sreerama Kumar
Dr. K. Srinivasa Murthy
Mr. Sunil Joshi

Mr. R. Rangeshwaran

Ms.M.Pratheepa

Central Plantation Crops Research Institute,
Regional Station, Kayangulam

Dr. (Ms.) Chandrika Mahan

Project Director
Principal Scientist
Principal Scientist

Principal Scientist

. Principal Sciantist

Principal Scientist
Principal Scientist
Senior Scientist
Senior Scientist
Senior Scientist
‘Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist

Senior Scientist

Scientist SS {on siudy leave)

Scientist SS (on study leave)

Scientist 55

Senior Scientist

Indian Agricultural Research Station, New Delhi
Dr.K.L. Srivastava Principal Scientist

Indian Institute of Horticultural Research,
Bangalore
Dr. M. Mani Principal Scientist
Dr. A, Krishnamoorthy

Dr. (Ms.} PN, Ganga Visalakshy

Indian Institute of Sugarcane Research, Lucknow

Principal Scientist

Senior Scientist

Scientist 55
Sugarcane Breeding Institute, Coimbatore

Dr, Arun Baitha
Dr. J, Srikanth Senior Scientist
Dr. M. Gestha
Assam Agricultural University, Jorhat
Dr. A. Basit

Dr. D.K. Sakkia

Acharya N.G.Ranga Agricultural University,
Hyderabad

Senicr Scientist

Principal Scientist

Senior Scientist

Dr. A Ganeswara Rao
Dr. S.J. Rahman

Principal Scientist
Senior Scientist

Govind Ballabh Pant University of Agricultural

Sciences & Technology, Pantnagar
Dr. U.S. Singh Prafessar

Gujarat Agricultural University, Anand

Dr. D.N. Yadav Principal Research Scientist
Dr. B.H. Patel Associate Research Scientist
Mr. J.J. Jani Assistant Research Scientist
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Kerala Agricultural University, Thrissur

Dr. (Ms.) S. Pathummal Beevi Associate Professor

Dr. (Ms) KR. Lyla Assistant Professor

Maratma Phule Krishi Vidyapeeth, Pune

Dr. S.A. Ghorpade Entomologist

Dr. D.S. Pokharkar

Punjab Agricultural University, Ludhiana

Assistant Entomologist
Dr. S. Maninder Entomalogist
Shri. Jagmohan Singh Assistant Entomologist

Dr. Meglam Joshi Assistant Microbiologist

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

s. Ramandeep Kaur Assistant Entomologist

Sher-e-Kashmir University of Agriculture and
Technology, Srinagar

Dr. Abdul Majeed Bhat Associate Professor

Tamil Nadu Agricultural University, Coimbataore

Dr. R. Balagurunathan Professor

Dr. N. Sathiah Assaciate Professor
Y.S.Parmar Univarsity of Horliculture and Forestry,
Nauni, Solan

Dr. P.R. Gupia Senior Entomologist

Dr. Anil Sood Assistant Entomelogist
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18, INFRASTRUCTURAL DEVELOPMENT
Equipments

No new equipment was procured during this period.
Library

The library ai PDBC has a collection of 1,692 books,
1154 volumes of journals, 49 bulletins and several
miscellaneous publications including several reprints on
various aspects of biological control. Ten foreign and 14
Indian journals have been subscribed. CABPEST-CD has
been upgraded up to May 2004. A new CD, Sasya
Sahyadri - 2004, was procured.

Aris Cell

A LINUX servar was installed for firewall to save the

workstations from network viruses. Internet cable
connectivity was changed from medem to router for high
speed of 512 kbps and quicker connectivity.

National Reference Collection of Insects

The PDBC has 3,495 authentically identified
species belonging to 216 families under 16 orders. The
collection includes representatives of the orders
Hymenoptera, Coleoptera, Hemiptera, Orthoptera,
Strepsiptera, Thysanoptera, Neuroptera, Diptera,
Lepidoptera, etc. encompassing crop pests, parasitoids
and predators. The information is available in the form of
a catalogue.

Buildings

No new buildings were constructed during this
period.

Electroantennogram and GC-MS facility
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19. TECHNOLOGY DEVELOPED FOR THE
BENEFIT OF WOMEN IN AGRICULTURE

Technology available

Two off-campus training programmes, well suited
foradoption by household womenfolk, particularly in rural
areas, were organized. Thirty-four farm women were
frained on village level production of Trichagramma and
Trichoderma at Maliappanahalli village of Hoskote Taluk
(Kamataka), Five trainees have indicated their interest in
becoming enfrepreneurs for commercial scale
production of biocontral agents.

One en-campus fraining programme was organized
for 80 farm women in three batches on production and
use of Trichogramma and Trichoderma. These women
were from Doddaballapura, Devanahalli {Bangalore
South District) and Hoskote, Anekal (Bangalore North
District) and Ramanagara, Chennapatna and
Kanakapura.

Training programmes organized

Training programmes were organized on various

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

aspects of biological control of crop pests. Dunng the
year 2003-04, participation of women in different training
programmes was as follows.

Institute training programmes on Mass
production of quality biocontrol
agents (7-10 days duration)

14 participants

NATP Project “Team of Excellence for
Human Resource Development in
Biological Contral”

Six months duration 1 parficipant
Two months duration 1 participant
6-day refresher course 1 participant

NATP Project “Validation and Promotion
of IPM Technology in Selecied Crops in
Different agro-ecosystems”

10 days duration 5 participants

Impact analysis of the training programmes
conducted showed that there was improved awareness
among the women trained.

Training for rural farm women in production of Biocontrol Agents
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ACRONYMS

Aal Assam Agricultural University, Jorhat

ANGRAU Acharya N. G. Ranga Agricultural University, Hyderabad

CFCRI Central Plantation Crops Research Institute, Kayangulam

CTHI Central Tobacco Research Institute, Rajanmundry

GAU Gujarat Agricultural University, Anand

GBPUAA&T Gobind Ballabh Pant University of Agriculture and Technology, Pantnagar

IARI Indian Agricultural Research Institute, Mew Delhi

IIHR Indian Instituie of Horticultural Research, Bangalore

IIER Indian Institute of Sugarcane Research, Lucknow

KAU Kerala Agricultural University, Thrissur

MPKV Mahatma Phule Krishi Vidyapeeth, Pune

PDBC Project Directorate of Biological Contral, Bangalore

PAU Punjab Agricultural University, Ludhiana

SEBI Sugarcane Breeding Institute, Coimbatore

SKUAS &T Sher-g-Kashmir University of Agricultural Science & Technalogy, Srinagar

TNAL Tamil Nadu Agricultural University, Coimbatore

DrYSPUH & F Dr.Y.S.Parmar University of Horticulture and Farastry, Solan
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