CIEEREIGEES|
ANNUAL REPORT
0004-2005

qfarerT FS e St 0, ool U, STeR-U & o oY, R
PROJECT DIRECTORATE OF BIOLOGICAL CONTROL
BELLARY ROAD, BANGALORE-560 024, INDIA




Hon. President of India being explained the biocontrol programmes of AICRP on biological control
of crop pests and weeds.



Bl
ICAR

ANNUAL REPORT
2004-05

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL
BANGALORE




Project Directorate of Biological Control
Bangalore 560 D24

Tel. No ©91-80-23414220, 23511998, 23511982, 23417930
Telegram - BIOSUPPRESSION, Bangalore

Fax : 91-80-234115961

E-Mail :  pdbic@pdble.com; rirabindra @ redifimail.com
Wensite . http:fiwww, pdblc_com

Published by

Dr.R.J.Rabindra
Project Director

August, 2005

Hindi Text
Mrs.Sobha Kaveri, [IHR, Bangalare

Correct citation PDBC-ICAR, 2004-2005, Annual Report,
Project Directorate of Biological Control
Bangalore 560 024, India

Printed at

Precision Fototype Services,

#51, Car Street, Ulsoor,

Bangalore. Phone - 25546146 / 25364349



CONTENTS
Particulars Page number
1. Preface v

2. Summary (in Hindi) 1

3. Executive Summary 7
4. Introduction 15
5. Research Achievements 24
6. Technology Assessed and Transferred 78
7. Education and Training 78
8. Awards and Recognitions 79
9. Linkages and collaboration 78
10. AIGRP on Biclogical Control of Crop Pests and Weeds 79
General / Miscellaneous

11. List of publications 80
12. List of ongeing projects 87
13. Consultancy, Patents, Commercialisation of technology 9
14. RAC, Management Committee, SRC, QRT meetings with significant decisions 1
15. Parlicipation of scientists in conferences, meefings, workshops, symposia, etfc. in India and abroad 93
16, Workshops, Seminars, Summer Institutes, Farmers day, etc, 46
17. Distinguished Visitors 96
18. Personnel 96
19, Infrastructure development a7

20. Empowermeant of Women a8



PREFACE

The Projec! Direcforate of Biological Control, since ifs inception in 1993, has made rapid sirides in
basic research on different aspects of biolagical control ferming the base for technologies in Biointensive
Integrated Pest Management. It has a nefwork of 16 crop-oriented field cenires under the All India
Coordinated Research Project on Biological Control of Crop Pests and Weeds in different state agricultural
universities and ICAR Institutes. The achievemnents made in this specialised field include infroduction of
potential natural enemies for managing exotic pests, development and standardisation of improved
breeding techniques for host insects and their notural enemies, mass production fechniques, storage
technology for natural enemies, understanding the fritrophic relatienship between hosi planis, pesi
insects and nalural enemies, development of superior strains of notural enemies for different crop
ecosystems and pesticide tolerance and development of bioconirol based-technologies for pest
management in sugarcane, cofton, rice, fobacce, grain legumes, vegetables, fruit crops, efc. Several
of these technologies have been transferred to stakeholders including private enferprises for commercial
exploitation,

The twelfth annual report embodies the endeavours of my scientist colleagues in the Project
Directorate as well as the AICRP centres for the period from April 2004 to March 2005 | am sure that
the findings presented will be of use to scientists, research workers, adminisfrators, policy makers,
farmers and others whao are involved or interested in biclogical contral of crop pests and weeds.
Suggestions for improvement, collaboration, future research needs and priorities from peer groups
have been given due consideration for implemeniation.

| am extremely grateful to Dr. Mangala Rai, Secrefary, DARE & Director General, ICAR, New Delhi,
for his encouragement and valuable guidance. The support exiended by Dr. G. Kalloo, Deputy Director
General (Crop Sciences & Horiiculturel, ICAR, New Delhi, is gratefully acknowledged. Thanks are due
fo Dr. Q. P. Dubey, former Assistant Director General (Plant Profection), ICAR, New Delhi, for providing
dll necessary encouragement and support throughout the period of 2004-05 in conducting the various
research activities, | thank Dr. T. P. Rajendran, Assistant Director General (Plant Protection), ICAR, New
Deihi, for his active involvement, guidance and support. Sincere thanks are due fo all praject workers
Project Directorate of Biological Control and different co-ordinating centres of AICRP for completing the
allotted research programmes. Thanks are also due to the Vice-chancellors, Directors of Research of
sal-based centres and Directors of ICAR Institute-based centres for providing the facilities.

R. 1. Rahindra

Project Director

Project Directorate of Biological Control

&

Coardinator

AICRP on Biological Control of Crop Pests and Weeads
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3. EXECUTIVE SUMMARY

This report briefly highlights the salient findings of
research conducted at PDBC, 10 SAUs and six [CAR-
based centres and voluntary centres under the AICRP on
biological control during 2004-05. In order 1o develop
biogontral technologies for the eco-friendly management
of key pests, diseases and weeds, an extensive
programme covering both basic and applied research
was drawn. Emerging problems like the sugarcane woolly
aphid, eco-friendly management of sucking pests on Bt
cotton, and integration of biological control in organic
fatming, were included in the programme. Most of the
experiments assigned under the technical programme
drawn far the year 2004-05 have been earried out
successiully.

Basic research

Project Directorate of Biological Control,
Bangalore

Biosystematics

Two rare species, Oenopia excellens (Croteh) and
Protothea quadripunctata (Mulsant), from the
northeastern region and one new species of
Pseudoscymnus from Bangalore, were recorded.

A website on the Coccinellidae of the Indian region
featuring image galleries of common species and their
naiural enemies has been constructed and hosted. A
computer-aided dichotomous key to 10 commen Indian
species of Chilocorus has been developed.

A host-parasitoid list for Indian Tachinidae, including
24 species from Helicoverpa armigera, has been
compiled,

Introduction of natural enemies

Import permits have been obtained from the Plant
Protectien Advisor to the Government of India for the
import of Smicronyx futulentus, Nephaspis bicolor,
Ganaspidium nigrimanus (=G. ulilis), Chrysocharis
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parksi, Delphastus pusilus, Telenomus triptus, T lagviceps,
T ullyetti and Glabromicroplitis croceipes. Trichogramma
sp. nr. mwanzai Schulten & Feijen has been introduced
from Kenya for evaluation against Helicoverpa armmigera.
The parasitization rate on H. grmigera eggs glued on
chickpea and pigeon pea ranged from 3.3 to 6.7 and 5.0
to 32.5, respectively. Ashipment of Enborus trochanteratus
(adapted to Opisina arenosefla) was received from Sri
Lanka in February 2005 and a pure culture was raised
using Corcyra larvae. Shipments of Zygogramma
bicolorata and Sturmicpsis inferens were exported 10 Sri
Lanka and ICIPE, Kenya, respectively.

Rearing and evaiuation of natural cnemies

Among the seven chickpea varisties (JG74, L550,
JSC6, JG315, ICCY2, Black Channa and JG130) tested
for ovipositional preference of H. ammigera, egg laying was
minimum on JG 130,

Atechnique for shipping Telenomus cards inventilated
plastic boxes fixed with polystyrene strips with slits has
been standardized. The cost of one parasitized egy card
of Telenamus remus with 10 egg paiches was worked out
to be Rs.4/-, The dosage / ha (50 cards) would cost Rs.
200/-.

Large cages measuring 1.7%1.7x 2.5" were uiilized
for multiplying Campoletis chlorideae. A temperature of
26-28°C and 70-80% relative humidity were optimum for
production, The production was evaluated at three
parasitoid densities per cage - 5-8, 10-13 and 20-23. The
number of cocoons per cage was 72, 73.3 and 115,
respectively and the number of cococns! female was 14.4,
5.2 and 6/female, respectively,

Progeny production in Orius fanfilus was maximum
at 24 and 28°C, the values being 28.8 and 26.2 perfemale,
respectively.

Release of Blaplostethus pallescens nymphs on rice
infested with Sitafroga cereatella eggs resulied inonly 8%
moth emergence. Blapiostethus also preyed on
H. armigera eggs and larvae on chickpea.
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Predators of Ceratovacuna lanigera

Micramus igototus was recorded feeding on
Ceratovacuna lanigera, Its biology was studied on C,
lanigera, Pseudoregma bambusicola, Aphis craccivora
and Aphis spiraecola. Adult longevity, pre-oviposition
period and pupal periods were extended on other aphid
species as compared to C. lanigera. M. igorotus larvae
failed to thrive on the eggs of Ferrisia virgata, Planococeus
citri, Maconelficoceus hirsutus, Corcyra cephalanica and
8. cereafefla. Other predators such as Mallada
boninensis, Spalgis epius, Cryptolasmus montrouzier
and Synonycha grandis were also recorded in the sugar-
cane fields of Kamataka, Field evaluation of laboratory
reared Eupeodes confrater indicated that the egg stage
of the predator is susceptible to attack by soldier aphids.

Megalocaria dilatata (Coleoptera: Coccinellidag)
and Dipha aphidivora {Lepidoplera: Pyralidae), predators
of the sugarcane woolly aphid, were reared on A
craceivera as allernative prey. While D. aphidivora
successfully completed its life cycle on A. cracoivora, M.
dilatata showed high mortality, particularly in the eqq
stage and the first instar. For oviposition, D. aphidivora
preferred rough fextured paper to polyethylene and cloth
surfaces. D. aphidivora did not develop when fed
exclusively on soldiers of C. fanigera,

Mass production of Cryptolaemus montrouzieri

Cryptolaemus montrouzier! was reared an S.
cerealellz eggs forfive generations. The per cent pupation
was 67.57% and adult emergence 84%. The mean larval
and pupal periods were 13.69 and 7.36 days, respeciivaly,
and adult longevity was 52.02 days.

Use of insect viruses

Crocidolomia binotalis NPV (CbNPV) tested @ 10°
10" POBs/ml against late second instar larvae resulied in
33.3-90.0% mortality as per the dose. A mean of 850
million POBs of CONPY was harvested/larva when
inoculated at a low dose of 1x104 POBs/m

CBHNPV was not cross-infective to Bombyx mor, H.
armigera, Spodoplera litura, Plutella xylostella, Hallula

undalis, Trichopiusia ni, 8. exigua, Chilo partelius.
Gallena mellonella, C. cephalonica, and the predators,
Chiysoperia camnea and C. montrouziari,

Use of adjuvants, viz., 1.0% slarch + 10% crude
sugar with the respective NPVs gave maximum mortality
of H. armigera and S. fitura larvae (87.55% and 94.33%,
respectively) on the first day,

Entomofungal pathogens

Metarhizium anisophiae (isolate Ma-4} caused the
highest per cent mycosis of G lanigera (30.14), followed
by Beauveria bassiana (Bb-5a) (20.46). Isolates Ma-4
and Bb-5a were also found pathogenic to Dipha (27 62
and 15.32% mycosis, respectively). Verficillium lecanii
was not pathogenic to C. lanigera, but caused 7.62-
33.48% mycosis of Micromus.

Isolation and characterization of indigenous
Bacillus thuringiensis strains

Three isolates of Bacillus thuringiensis, two fram
Pantnagar and one from Anekal, werg obtained.
Pantnagar sample 2 exhibited the highesi toxicity against
Piutella xyiostella in cabbage leaf bioassay.

Isolation of endophytic bacteria

Four new bacteria, viz., Bacillus megatherivm
(MTCC 8533} (Plate1), Bacilius spp. (MTCC — 6534},

Plate1: Phosphate solubilization by Baciilus
megatherium (PDBCENCH1), a chickpea endophyte
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Enterobacter agglomerans (MTCC 6536), Bacillus
circulans (MTCC B535) and Erwinia herbicola (MTCC
6720), were isolated from the endosphere of plants. The
cultures caused 8-16% enhanced growth In chickpea
and pigeonpea and inhibitery activity against root rot
pathogens.

Fungal antagonists

Among the PDBC isolates of Trichoderma
harzianum, Th17 and Th7 were found to be very
promising. Th P26 ({from ISR, Calicut), Th7, Thé, and
Th10 {frem PDBC} were highly antagonistic to
Macrophomina phaseoling. On colloidal chitin-amendad
medium (CCAM), growth of Th13, Th 14, Th 15, Th
Varanasi, Th GTHY, Th Kudlu, Th Kallangai, Th ITCC,
Th CPCRI, Th CICR and P26 was faster. Chitinase was
detected in P26, Th10 and Th14 in S. rolfsit cell wall-
amended broth. In colloidal chitin-amended broth,
chitinase activity could be detected in P26 and Th-10. In
potato-dextrose broth, chilinase activity could not be
detected.

Tale formuiations of T harzianum and T, viride with
2 or 5% pure chitin had higher number of viable colony
forming units (CFU) than these without chitin for up to
three months of sterage. Prawn shell powder as source
of chitin reduced the number of viable CFUs, even after
autoclaving due to the presence of anti-microbial
compounds. Wider C:N ratios in production medium {10:1
and 15: 1) resulted in good sporulatien and viable
propagules in T. harzianum and T. viride during storage.
Addition of glyceral in production medium at 3-9% also
gave more CFU count during storage for up to 3 months.
Heat shock at 40°C for 30 minutes or at 35°C for 45
minutes during stationary phase of growth in T viride and
T. harzianum Increased the number of CFUs in storage
for up to 2 months. Addition of ¢ollaidal chitin in
praduction media at 0.2% increased the viable CFUs in
. bassfana and M. anisopliae. Addition of an osmoticant
(PEG 8000) at 1.5% to the production medium of B.
bassiana resulted in reduced sporulation.

Biological control of plant diseases

Cow dung was the best medium for the
multiplication of Pseudomonas flucrescens at 32°C and

40% wiw] meisiure level. Trichoderma harzianum and/
or P fluorescens colonized FYM significantly increased
seed germination and seedling growth of fomato and
okra. Water soluble content of P, K, S, Zn, Cu and Fe and
humic matter were higher in FYM-based antagonists.
Biopriming of pea seeds with PBA 3 improved seedling
stand and increased the yield .of organically grown pea
when applied as foliar spray. Seed treatment with different
isolates of Pseudomonas, T harzianum and T virens
resulted in 72.2, 52.3 and 41.3 percent suppression in
sheath blight, respactively.

Entomopathagenic nematodes

Effect of inifial inoculum of s on 1 vivo yields in G.
melionelia, pathogenicity and time of emergence of
Steinernema campocapsae and Heterorhabditis indica
were,determined. Higher yields were obtained at 1000 |js
of 8. carpocapsae per larva within 6 days, whereas 300
ljs of H. indica gave maximum yield within 10 days. The
yield of H. indica was three-fold higher than the yield of S,
carpocapsae. Persisterice of S carpocapsas, S. abbasi,
H. indica and H. baclteriophora under shaded and open
conditions in soil ranged from 60 te 90 days. Two Isolates
of §. carpocapsae and H. indica tested for shelf life were
viable for up to 3 manths. Tale-based formulation of S
carpocapsae was found suitable and stable for surlage
transport.

Pathogens for the biological suppression of
phytophagous mites

Hirsutella thompsonil growth was excellent at 25°C,
Conidial production of H. thompsonii was hindered at
37°C. H. thompsoniivar. synnemaiosa also did not grow
at 37°C and 40°C. When oatmeal agar (OMA) discs were
used on the biomass of H. thompsonil in Sabouraud
dextrose broth (SDB) as continuous shake culture, the
Inoculum load, the CFU, pellet number and wet and dry
weights increased proportionately. A combination of OMA
plugs and SDB medium was the best with maximum CFU
numbers, wet and dry weights. The pellets of H.
thompsoniiand H. thompsoniivar. synnematosa were able
1o grow well after 10 and 11 months of storage in sterile
water under room conditions.

A simple magnetic stirrer technique for faster mass

4]
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production of H. thompsonii has been developed.
Exudates of H. thompsonii caused 77.8% mortality of
Tetranychus urticae after seven days and the mortality
decreased as exudate concentration was reduced. The
metabolites of H. thompsoni collected from one-month-
old shake cullure were toxic 1o T. urticae (68.9% mortality
after 7 days), but the mortality decreased with dilution.

Mycohit, a wettable powder formulation of
H. thompsonil when sprayed twice at the rate of 50 g/,
reduced T urticae population by up 1o 62.7% on okra in
farmers' field in Coimbatore (Tamil Nadu).

Sequencing of B-tubulin gene in Pochonia
chlamydosporia

Molecular identity of native isolates of Pochonia
chlamydosporia at PDBC was established through
sequencing the B-tubulin gene (1 to 233 bases) and
registered in the Genebank, NCBI, Maryland, USA.

Biological suppression of plant parasitic
nematodes

Pochonia chlamydasporia (PDBC PC59) isclated
from the grapevine yards around Bangalore effectively
controlled the reniform and root-knot nematodes.
Phyfophthora-root-knot nematode wilt complex in black
pepper was effectively controlled by planfing cuttings pre-
treated with mancozeb 72 WP and akomin in combination
with native isolates of Trichoderma sp. and Pagciiomyces
lilacinus.

Behavioural studies on natural enemies

Thirteen plant volalile compounds identified fram
maize, cotton, and tomato were evaluated through EAG
studies for their cue to Chrysoperla carnea. The highest
response of €. carnea was noticed towards linalool,
followed by alpha-pinene and n-tetradecane.
Combination of the three in equal proportion at full and
half concentration received maximum respense from C.
carnea females.

Of the five volatile compounds tested against
Trichogramma chilonis under dual choice, myrcene
(58.66%) elicited maximum response, but was on par
with methyl salicylate (48.66%). Simitarly, of the 13
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compounds evaluated for their cue to T chilenis,
maximum response was to a combination of -
Pinene+Linalookc-terpinene (2:2:1) {50.00%). Highest
net response of T chilonis was observed towards [inalool
(27.50%), followed by myrcene (21.25%) under free-
choice conditions. Among 18 varietiesthybrids of maize
evaluated for the response of T chilonis to volatiles
released by their male and female flowers, the variety
Decean (94.87%) and [TC Adventa elicited the maximum
response,

In a figld experiment at Raichur, use of kairomones
along with supplementary food as reinforzing agent for
chrysopids increased their numbers, The recovery of T
chilonis was higher in the kairomone-treated plot
compared to-control.

Davelopment and evaluation of improved methods
of storage and release of Trichogramma

Releases of Trichogramma embryophagum and T
chilonis against Opisina arenosefia @ 1000, 2000, 3000
and 4000 / palm reduced the larval population by 88.8,
75.0,66.7 and 75.0% in T embryophagum and 75.6,60.0,
23 3and 50.0% in T. chilonis during the 1%, 2, 3% and 4
generations of the pest compared to untreated control.

Among eleven species of Trichogramma, four gave
higher parasitism of Earias vittella in the initial laboratory
testing. T brasiliense and T. chitonis released @ 5 pairs
each for 50 eggs caused 46.7 and 41.3 percent
parasitism, respectively, indicating their potential use in
the figld,

A novel technigue of modified atmosphere packing
and storage of Corcyra cephalonica eggs was developed.
This technique has enhanced the shelf life of C.
cephalonica egys by 3-4-fold over the traditional method,

The efficacy of the various release methods for
Trichogramma spp, was determined In terms of time
taken for release, adult emergence from various carrers
and percentage egg parasilism, Mizing of eggs with
carriers like talc (1:1) and agar solution (1%} recorded
the least time taken for application. Agar solution was
found 1o be the best agueous carrier. The per cent
armergence was lower in loose parasitized eggs with solid
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and aqueous carriers {40.5 to 57.1%) compared to 95-
100% in tricho-bit, tricho-capsule and loose eggs withoul
any carrigr. Adult release, sprinkling of loose parasitized
eggs mixed with vermiculite and semolina separately
gave significantly higher parasitism compared to others.

Artificial diets for parasitoids and predators

Dipha aphidivosa larvae were reared an two artificial
diets with limited success. Micromus igorotus larvae
survived for 2-13 days and did not reach pupal stage on
three different semi-synthatic diets.

A combination of artificial diet with maize pollen and
beans was effective for rearing O. fantiffus in terms of
nymphal devalopment, survival, fecundity and female
longevity. One-day-old larvae of C. camnea were reared
on artificial diet for up to 38 generations and the mean
per cent pupation and adult emergence were 87,0 and
84.8, respectively.

Artificial diets for host insects

Toddy palm leaf powder-based artificial diet was
suitable for rearing Opisina arenosella. The pupation
and adult emergence were 73.2 and 66.2%, respectively,
The parasitoids, Gonfozus nephantidis, Brachymeria
nosatol and B, nephantidis, successfully multiplied on
0. arenosefla reared on antificial diet.

The artificial diet with cabbage leaf powder and
defatted soy for rearing Plutella xylostella gave 60.6 and
58.4% pupation and adult emergence, respactivaly,

Software development

A Pictorial Guide to Insect Bioagents (on CD) and a
CD version of the software, “Helico-info” were developad.

Biological suppression of crop pests
Sugarcane
i. Woolly aphid

Encarsla fiavoscutefium, a parasitoid of sugarcane
woolly aphid (SWA), was observed atAAU, Jorhat {Assam)
(Plate 2). The population of E. flavescutelium peaked in

Plate 2: Encarsia flavoscutellum, a parasitoid of
sugarcane woolly aphid

the first week of January 2005 and gradually declined
thereafter. Encarsia population was negatively comelated
with maximum temperature, minimum temperature and
rainfall (AAU).

Two peaks of SWA during June-August and
Movember—January were noticed in Andhra Pradesh.
Southern and northern Telengana zones recorded higher
Incidance than coastal districts. D. aphidivora was
predominant in the areas where no insecticides were
used and was noliced during November-danuary
(ANGRAU)

Entomopathogenic fungi {M. anfsaptiae, B. bassiana
and V. lecani) under field conditions were not effective
against SWA in Karnataka. Two releases of M. igorotus
(100 pupasel release) were successtul in managing SWA
within 45 days (UAS, Dharwad).

SWA infestation was noticed in five zones in
Maharashtra. The infestation was higher in the western
Maharashtra plain zone (41%) than in scarcity zone (27%)
and central Maharashira plateau zone (18%). The
infestation was observed from the second fortnight of July
to December and peaked during October-November,
2004. Micromus spp. population was high during July
2004 and D. aphidivora during December (MPKV).

The aphid incidence was initially noted in Vellore
District {Tamil Madu) during May 2004 and spread to
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other zones except high rainfall zone. The infestation
intensity was initially 1,78 and reached 4.73 during March.
The activity of predators was in the order D. aphidivora
(1.83/ leal) = syrphids (1.35/ leaf) > M. igorotus (0.4 leaf)
(TNAU). The activity of Dipha was noticed in December
(SBI).

During Qctober 2004, SWA was observed in the
ratoon of CoS 767 and GoSB88230 varieties with low to
moderate population at Saharanpur (Uttar Pradesh). D.
aphidivora was very active with more than 9 larvasfeaf
(ISR},

ii. Tissue borers

Eight releases of T chilonis @ 50,000/ha at 10 days
interval during mid-April to end-June, six releases of T
faponicum during May-June @ 50,000/ha and 12-14
releases of T chilomis at 7-10 days interval during July-
October @ 50,000/ha proved effective against Chifo
infuscatellus, Scirpophaga excerptalis and Chifo
auricilivs, respectively (PAU).

iii. White grubs

Application of Heferorhabditis indica @ 2.0 hillion
|Js per ha resulted in minimum population of white grubs
(CCSHAU).

Cotton
i. Biocontrol in Bt cotton

The BIPM module consisting of seed treatment with
Trichedermaard release of Chrysoperia camea and need-
based insecticide sprays was evaluated against sucking
pests and Spodoptera litura in comparisen with the
farmers' package of practices (FPP) for Bt and non-Bt
cotton. Bt cotton under BIPM and FPP performed betler
in reducing the bollworm damage and recorded higher
seed cotton yield and natural enemy population than non-
Bt cotton (TNAU). The sucking pest complex was
comparatively lower in Bt cotton+BIPM than with Bt cotton
+ farmers' practice, H. armigera damage was also lower
on Bt coiton in BIPM and FPP madules (ANGRAU). Bt
cotion+BIPM package recorded significantly lower bud

and boll damage, reduction in sucking pests and higher
seed yield (GAU).

ii. Multiple-pesticide toierant strain o
Trichogramma -

The multiple-pesticide tolerant strain of T chilonis
survived better than the laboratory strain in fields sprayed
with chemicals and such fields recorded higher seed
cotton yield (UAS (D}).

Tobacco

Nomuraea rileyi @10' sporesiha effectively
suppressed H. armigera. Sequential releases of T remus
and Chelonus faormosanus resulted in higher
parasitization of Spodoplera exigua and lowest seedling
damage (CTRI).

Pulses

An IPM package employed in pigeonpea wilh
Trichoderma seed treatment @ 4.0 g/kg seed, NSKE 5%,
Bt @ 1.0 kg ha for borer complex, HaNPY @ 1.5 X 10™
POB/ha and intercrop of maize (10 % random planting)
gave significant control of H. armigera and Mylabris
pustulata and rasulted in lower pod and seed damage
and higher yield. Heterorhabditis sp. @ 1.5 billion
nematodes/ha was superior to all the other treatments
against H. armigera and blister beetle on pigeonpes
{GAU).

Bt @ 1.0 kg/ha gave greater control of H. armigera
larvae on lablab and the yield was superior to control and
on par with HaNPY @ 1.5x10"ha (GAU).

ABIPM package consisting of release of T remus @
100,000/ha and three sprays of SINPY @ 1.5x 10" PCB/
ha with 0.5% crude sugar as adjuvant against S, liwra in
soybean resulied in 17% higher yield than chemical
cantrol {CTRI)

Rice

Biointensive IPM consisting of the use of moderately
resistant variety, T viride as seed treatment, release of
Trichogramma japonicum @ 50,000/ha/week (6
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releases}, spray of Pseudomeonas fluorescens, need-
based insecticidal application and use of bird perches
{10/ha) for rice stem borer recorded only 2.9% of dead
hearts, and higher yieid and net profit (AAU, Jorhal).

In organically grown rice, T. japenicum (1 lakh/ha)
was as effective as T. chilonis in controlling leaf folder.
Significantly lower plant- and leafhopper count was
recorded in chemical control followed by M. anisopliae
and B. bassiana treatments. Maximum grain yield was
recorded in B. bassiana-trealed plot. Spider and
coccinellid populations were higher in organic farming
plot than in chemical control plot (KAU).

Seven combined releases of T chitonis and T,
Jjaponicum sach @ 1,00,000 per ha at weekly interval,
starting at 30 DAT proved more effective against leat folder
and stem borer than individual releases on organically
grown rice (PAU).

Qilseeds

ischiodon scureﬁérfs @ 1000 aduits [ ha {50,000
larvae / ha) reduced Lipaphis erysimi population on
mustard and gave higher yield (GAU).

Coconut

There was no sigrificant difference between trunk
and crown release of Goniozus nephantidis against O.
arenoselia. Field release of Cardiastethus exiguus @
50fpalm reduced Opisina population signfficanthy {KAU).

Tropical fruit crops

Metarhizium anisopfiae at 1.0 x 107 spores/ml
caused 77% morality of mango hoppers after 72 hours.
Release of Cryptolaemus montrouzier @ 20/plant cleared
the green shield scale on the medicinal plants Mimusops
glengi, Maduca fongifolia and Wrighatia tinctoria,
Leptomastix dactylopii was recovered from Planacoccus
citri infesting custard apple fruits. Release of C.
montrouzieri and Cheifornenas sexmaculala controlled
Peitri and Toxoptera aurantii, respectively, on acid fime
{IIHR}

*
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Maximum percentage parasitism of spiralling
whitefly on guava by Encarsia spp. was in February 2005
(39.88) (KAU). E. guadeloupae was recovered in guava
orchards in Maharashtra two months after release,
indicating its establishment (MPKY).

Bt formulations (Delfin, Biobit and Halt) reduced the
fruit damage due to Deudorix isocrates on pomegranate
{IIHR). Telenomus sp. parasitized 28.5-52% eggs ¢f
pomegranate fruit borer, Deudorix epifarbas, during July-
August (DrYSPUH & F).

Temperate fruit crops

Parasitism of San Jose scale on apple was 4.73-
15.42 % in different districts of Kashmir (SKUAST). The
parasitization by Aphytis and Encarsia perniciosi was
relatively lower at Nauni than at Mashobra. The woolly
apple aphid was present during September-December.
Emergence of Aphelinus mali was £0.7-68.5% fram
mummified aphids from trees treated with summer spray
oils as against B2.9% from untreated trees. Summer oils
tested were harmless to-the predatory mites, Amblyseius
spp., but brought down Panonychus wimi and Tetranyefiug
urticae significantly (DrYSPUH & F).

Vegetable crops

Laboratory mass rearing of Diaphania indica was
standardized on cucumber, ridge gourd and bottle gourd.
Imidacloprid caused 20% mortality of the parasitold,
Dolichogenidea stantoni, 48 h after exposure, while the
fungicides tested were safe, Verticilium lecanii sprays
{1.0x10° spares/ml) againsl Scirtothrips dorsalis caused
high mortality to all stages (IIHR).

Four releases of T. chilonis @ 50000/ha and two
sprays of HaNPV at 1.5 x 10'* POB/ha applied after second
and fourth release of the parasitoid checked H. armigera
on tomato as effectively as insecticides (Dr.YSPUH & F).
Fruit damage due to H. armigera was significantly lower
when HaNPV was applied at full dose @ 1.5 x 10™ POB/
ha than at lower doses on tomato (TMNAU).

Boauveria bassiana, B. thuringiensis, M. anisopliae,
H. Indica and dichlorvos (0.05%) were evaluated against
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Pieris brassicae on knol-khol and dichlorvos proved to be
the most effective and Helerorhabditis indica @ 2 billion/
ha the least effective (SKUAS & T).

Weeds

Neochetina eichhorniae and N. bruchi were
found established at all the released spots in
Assam, Kerala, Punjab and Gujarat. Activity of
Zygogramma bicolorata was very low on parihenium at

Nauni and had no suppressive effect on plant growih
(DrYSPUH & F),

Turfgrass

Indigenous isolates of B. bassiana, 8. brongniarti
and M. anisopliae were evaluated at 1x 10° spares/ml
against white grubs infesting golf course. All the
entomopathogens performed well and B, bassiana was
the most effective, causing early mortality (SKUAS & T).
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4, 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 Indian Council of Agricultural
Research, New Delhi, with funds from the Department of
Science and Technology. Government of India. Within
two years (1879}, ICAR included the project under its
research activiies with full financial support. Recognition
of-the impertance of biclogical control came during the
VI plan with the upgradation of the centre to Project
Directorate of Biological Gentral with headguarters at
Bangalore. The Project Directorate started 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.

Past achievements
Basic Research

® Eighty-four exotic natural enemies (NEs) have been
studied for utilization 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 control, five substantial control
and six are providing econamic benefits worth
millions of rupees, Twelve are augmented in the
same way as indigenous natural enemies.

® The encyrtid parasitoid, Leptomastix dactylopii,
introduced from West Indies in 1983, has
successfully established on mealybugs infesting
citrus and many other crops in South India.

@ Two aphelinid parasitoids of South American origin
were forluitously introduced against Aleurodicus
dispersus. Encarsia guadeloupae, colonized in
peninsular India from Lakshadweeps, has
eslablished, displacing the earlier infroduced E. sp.
nr. meritoria.

® Curinus coerufeus {(origin: South America), the
coccinellid predator introduced from Thailand in
1988, colonized successfully on subabul psyllid.
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Cyriobagous safviniae (Origin: Argentina) was
introduced in 1982 and colonized on waler fern,
Salvinia molesta, in 1983, Weevll releases have
resulted in savings of Rs.68 lakhs / annum on labour
alone in Kuttanad district, Kerala.

The weevis, Neochetina truchiand N. eichhomiag,
and the hydrophilic mite, Orthagalumma terebrantis
{Origin: Argentina), introduced in 1982 and
colonized in 1983 on stands of water hyacinth, have
established in 15 states. Savings on labour alone is
Rs. 1120 per ha of weed mat.

The chryscmelid beetle, Zygogramma bicolorata
(Origin: Mexico), introduced and colonized in 1983
on stands of parthenium, has established in all the
states and Union Terrtories,

Biosystematic studies were carried out on 250
predatory coccinellids. A website on Indian
Coceinelidae featuring image galleries of common
species and their natural enemies has been
constructed and hosted.

A computer-aided dichotomous key to 10 common
Indian species of Chilocorus is hosted on the intemet.

Biological control of sugarcane pyrilla has been
achigved within the country by the redistribution of
Epiricania melanoieuca, a parasite of Pyrilla
perpusilla,

Breeding techniques for 46 host insects
standardized including rearing on semi-synthetic diet
and cost of production hag been wotked out.

Improved laboratory techniques developed for the
multiplication of 26 eqg parasitoids, seven egg-larval
parasitoids, 39 larval/nymphal parasitoids, 25
predators and seven species of weed insecls.

A technigue for shipping Telenomus cards in
ventilated plastic boxes fixed with polystyrene strips
{with slits) has been standardized.

A beef liver-based semi-synthetic diet has been
evolved for Chrysoperia camea o facilitate its large-
scale production and use.
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Toddy palm leaf powder-based artificial diet was
developed for rearing Opfsina arenosella

Coceinellid predators, Crypiolagmus montrouzien,
Cheifomenes sexmaculata and Chilocorus nigrita
successfully mass-produced on semi-synithetic diet.

A new multi-cellular acrylic larval rearing unit devised
for efficient and ecenomic mass production of
Helicoverpa armigera and Spodoptera litura far
commercial production of host-specific parasitoids
and NPV.

The predators, Micromus igorotus and Dipha
aphidivora, were identified for the management of
sugarcane woolly aphid.

A novel technique of modified atmosphere packing
of Corcyra cephalonica eggs followed by low
temperature storage at 821°C has been developed.

Tritrophic relationships between nafural enemies,
their hosts and host plants have bean determined.

Tritrophic interaction studies belween the egg
parasitoid, Trichogramma chifonis, bollworm H.
armigera and cotton, chickpea, pigeonpea,
sunflower and tomaio genotypes have helped in
identifying biocontrol-friendly genotypes.

Suitable low temperalures for short-term storage of
trichogrammatids, Eucelatoria bryani, Carcelia illola,
Allorhogas pyralophagus, Copidosoma koehleri,
Hyposoter didymator, Cotesia marginiventris, L.
dactylopii, Sturmiopsis inferens, and Pareuchaefes
pseudoinsulata have been determined.

An endosulfan-tolerant strain of Trichogramma
chilonis (Endogram) developed for the first time in
the world. Technology transfered to private sector
for large-scale production.

Strains of Trichogramma chilonis tolerant to multiple-
insecticide and high temperature and a strain having
high host searching ability have been developed for
use against lepidopterous pests.

Pesticide tolerant strain of T. chifonis had higher

amount of glutathion-s-transferase activity than the
susceplible strain.

Differant pesticides have been screened against 37
natural enemies for identifying the relatively safe anes
to be used in a biological control-based integrated
approach.

Kairomones from scale extracts of H. anmigera and
C. cephalonica increased the predatory potential of
chrysopids.

Acid hydrolyzed L-tryptophan increased oviposition
by C. carnea on cottan.

Two fungal (Trichoderma harzianum-FDBCTH 10
and T. viride-PDBCTH 23), and two bactenal
antagonists { Pseudomonas fluorescens-POBCAB 2,
29 & 30 and P pulida-PDBCAB 19} of plant pathogens
released for commercial production affer intensive
sfudies.

Bacterial antagonists, particularly Pseudomonas
cepacia (starin N 24), successfully suppressed
Sclerotium rolfsif in sunflower rhizosphere as seed
inecula.

Mew species and strains of entomopathogenic
nematodes (EPN), namely, Steinernema abbasi, 5.
tami, 8. carpocapsae, S.bicornutum and
Hetercrhabditis indica have baen recorded.

Suitable media for mass multiplication of EPN
identified, 5. carpocapsae @ 1.25-5 hillion/ha proved
effective against brinjal borer, Leucinodes arbonafs.
Talc-based and alginate-capsule formulations of 5.
carpocapsae and H. indica were effective against S.
fitura in fobacco.

An easy and rapid technique lo screen antaganistic
fungi against plant parasitic nematodes has been
devised to identify efficient strains. The antaganistic
fungus, Paecilomyces liacinus was found effective
against Meloidogyne incognita and Rotylenchulus
reniformis in red laterite soils and Pachonia
chiamydospora was effective in sandy loam soil
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Maolecular identity of native isolates of P
chiamydesporia at PDBC was established through
sequencing the B-tubulin gene (1 to 233 bases} and
registered in the Genebank, NCBI, Maryland, USA.

‘PDBEC-INFOBASE’ giving information about
bioagents, their use and availability in public and
private sector in the country; and 'BIOCOT", giving
information about biocontrol measures for cotton
pests and a CD version of the software *Helizo-infa”
were developed.

Applied Research

Eight releases of T. ehifonis {@ 50,000/ha at 10 days
interval} during April-June and six releases of T
japonicum (@ 50,000/ha at 10 days interval} during
May-June have proved effective in suppressing
sugarcane tissue borers.

Beauveria bassiana, B. brongniarii and Metarhizium
anisophaewere mass cultured and utilized effectively
against sugarcane white grubs.

Encarsia flavoscutelium and Dipha aphidivora were
promising against the sugarcane woolly aphid.

Application of Helerorhabditis indica @ 2.0 billion
[Jstha resulted in minimum population of white grubs
in sugarcane,

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

Biocontrol-based IPM medules consisting of the use
of moderately resistant variety, T viride as seed
treatment, release of T. japonicum @ 50.000Ma/week
(6 releases), spray of Pseudomonas fluorescens,
need-based insecticidal application and use of bird
perches (10/ha) for rice stem borer recorded only
2.9% of dead hearts and resulted in higher yield and
net profit.

Trichogramma japonicum (1 lakh/ha) was as
effective as T chilonis in confrolling the rice leaf
folder.

[PM modules for cotion crop have been formulated,
comprising the use of oxydemeton methyl (0.03%),
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releases of C. camea, T chiionis and spray of HaNPV.
The module gave higher yields of seed cofton and
conserved natural enemies better than insecticidal
sprays alone,

BIPM package recorded significantly lower bud and
boll damage, lower population of sucking pests and
higher seed yield than the package with chemical
agents in Bt cotton.

Bf and HaNPV were important components of BIPM
of pod borers in pigeonpea and chickpea resulting
in increased grain yield.

Release of T remus @ 100,000/ha and three sprays
of SNPY @ 1.5 x 10* POBs/ha along with 0.5%
crude sugar as adjuvant against S, ftura in soybean
resultedin 17% higher yield than in chemical control.

Integration of Telenomus remus and NSKE for the
management of S. fitura and C. carnea and
Nomuraea rifeyi (@ 10" sporesiha) for the
rmanagemant of Hellcoverpa armigera on tobacco
were effective. The cost-benefit ratio for BIPM was
better (1:2.74) than that for chemical contral {1:1.52].

Ischiodon scuteliaris @ 1000 adults/ha or 50,000
larvas/ha reduced Lipaphis erysimi population on
mustard and gave higher yield,

Inundative releases of parasitcids Goniozus
nephantidis and Brachymeria nosatoi, against
Opisina arenosalla on coconut, coinciding the first
release with the appearance of the pest, have proved
sffective,

Adult release of G. nephantidis on trunks was as
good as release on crown for the control of Q.
arenosella an coconut

Oryctes baculovirus has been highly successful in
reducing Oryctes rhinoceros populations in Kerala,
Lakshadwesp and Andaman Islands.

Cryptolaemus montrouzieri has  effectively
suppressed Planococcus ciftri on citrus and grapes,
Fulvinaria psidii, Ferrisia virgata on guava,
Maconellicoccus  hirsutus on grapes and
Rastrococcus iceryoides on mango.
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o  Efficacy of Trichogramma, Cryplolaemus, C. camea,
HaNPV and SINPV has been successfully
demonstrated in Punjab, Andhra Pradesh,
Kamataka, Maharashtra, Gujarat and Tamil Nadu.

@ Aphelinus mali and several ceccinellid predators
were found effective against apple woolly aphid.

e SanJose scale parasitoids, Encarsia perniciosi and
Aphytis sp., were well established in Jammu &
Kashmir and Himachal Pradesh.

e [richogrammatoidea bacirae and Bt were found
effective against Plutelia xylostelia.

e Tomato fruit borer, H. armigera was effectively
controlled by releases of T pretiosum and
HaNPV.

e Copidosoma koehlen and Bt were found effective
against patato tuber math In country stores.

Mandate

Project Directorate of Biological Control,
Bangalore

® Harness the natural resources to develop and

Financial statement (2004-05) (Rs.in lakhs)

promote biclogical control strategies for sustainable
and eco-friendly pest management in agriculture
and horticulture to enhance the profitability and
weliare of the farming community.

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 [PM in
tarmers' fields

Organisational set-up

With a view to fulfil the mandate effectively and
efficiently, the Project Directorate is fungtioning with
Biosystematics, Introduction and Quaranting Laboratory,
Mass Production Laberatory, Pathology Laboratory,
Entomophagous Insect Behaviour Labaratory,
Biotechnology Laboratory and a Co-ordination,
Documentation and Training Cell (Fig. 1).

Project Directorate of Biological Control, Bangalore

Head Plan Non-plan Tofal
Pay & allowances 00.00 139.71 138.71
TA 03.00 02.40 0540
Other charges including equipment 55.00 28.44 8344
Infermation Technology 01,00 -

Works/petty works 131.00 21.10 15210
Total 190,00 13732 32732
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AICRP Centres (ICAR share only)

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

Name of the centre

Amount sanctioned and expenditure (Rs.)

AR, Jorhat 10,39,839
ANGRAL, Hyderabad 13,10,333
GAU, Anand 3182203
KAU. Thrissur 08,53,000
MPKV, Pune 14.28,754
PAL, Ludhiana 21.55,372
SKUASAET, Srinagar 21,18.231
THAL, Caimbatore 13,186,441
YSPUHGF, Mauni, Solan 09,72 504
GBPUAAT, Paninagar 02,92,000
Total 1,46,79,767

ICAR Institute-based cenires (CPGRI, Kayangulam; CTRI, Rajahmundry; AR, New Delhi; IHR, Bangalore; ISR
Lucknow and SBI, Coimbatore) did not maintain separate budget accounts since the Project has been merged with

Non-Plan,

Staff position
Calegory Posts sancticned Posts filled Vacant

up te 31-03-2004 * up to 31-03-2005 positions

PDBC, Bangalore
Research Management ] [}
Saeniiic 25 22 3
Technical 18 18 -
Administrative o7 06 1
Supparting 08 B -
Subtotal (a) 57 53 4
SAU-based Centres
Scientifie 2 21 -
Technical 3 31 -
Administrative 1 1 -
Subtotal (b) 53 53 2
ICAR Institute-based Centres
Scientific - -
Technical - -
Subtotal (g - -
Grand total (a+b+c) 110 106 4
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5. RESEARCH ACHIEVEMENTS
BASIC RESEARCH

Project Directorate of Biological Control,
Bangalore

(i Biosystematic studies on predatory
Coccinellidae

Two rare species, Oenopia excellens (Crotch) and
Protothea guadripunctata (Mulsant), were recorded fram
northeastern India. Seventeen new synonymias were
established.

Web site on the Coccinellidae of the Indian region

A web site on the Coccinellldag of the Indian
subcontinent was developed (URL: www angelfire.com/
bug2(| pooranifindex.html). The site provides a checklist
of the coccinellid fauna of the Indian subcontinent and
features image galleries of commaon species
encountered in the agroecosystems of the Indian region,
their natural enemies and other assorted images and
links to relevant sites.

Using the software Lucid Phoenix, a web-based
dichotomous key to 10 commeon species of Chilocorus
of the Indian region was constructed. The key s hosted
at the following site:

http://www. lucidcentral org/keys/phoenix/
ChilogcorusSpeciesOfindia/lndianChilecarus

Species.himl

Fact sheets on common coceinellid species of the
Indian Region

Faet sheels have been produced for 125 specias of
common coceinellids of the Indian region in html. The
fact shests provide information on nomenclature,
diagnosis, geographic distribution, prey/associated
habitat, seasonal occurrence, and selected references
along with photegraphs and other illustrations.

(i) Pictorial Guide to Insect Bioagents on CD

ACD entitled “A Pictorial Guide to Insect Natural Enemies
in Biological Conirol" has been prepared for use by
economic entomologists and students.
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(iii) Introduction and studies on the exotic natural
enemies of some crop pests and weeds

Import permits for natural enemies

Import permits for Smicranyx lululentus, Nephaspis
bicolor, Ganaspidium nigrimanus (=G. utilis),
Chrysocharis parksi, Delphastus pusilius, Telenomus
triptus, T ullvetti and Glabromicroplitis croceipes were
obtained fromy the Plant Protection Advisor to the
Government of India.

Export of natural enemies

A shipment of Zygogramima bicolorata was sent to
Sri Lanka for the biclogical suppression of parthenium, A
shipment of Sturmiopsis inferens was exported fo ICIPE,
Mairobi, Kenya, for trials against Chilp partellus.

Monitoring the population of parasitoids of
spiralling whitefly

The population of Aleurodicus dispersus and iis
parasitoids was monitered on guava, Michefia sp., Cassia
siamea and Bauhinea. Parasitization by Encarsia
guadeioupae was negligible from April to July, The
parasitoid was more active from August till January and
reduced thereafter. Highest per cent parasitisation [above
92.9 %) was recorded on Cassia during August, 2004,

Studies on Trichogramma mwanzai

A censignment of Trichogramma sp. nr. mwanzai
Schulten & Feijen was received during April, 2004 and a
pure culture was raised from these parasitised eggs. Till
31 March, 2005, the parasiticid had undergone more
than thirty generations. The extent of parasitization of
Helicoverpa armigera egys glued to chickpea
and pigeanpea leaves ranged from 3.3 1o 6.7 and 5.0 10
32.5, respectively, with higher parasitism noticed on
pigeonpea

Studies on Trichogramma brassicae

A shipment of Trichogramma brassicae was received
on 29-01-2005 and a pure culture was raised on the
eggs of Coreyra cephalonica. The parasitoid has
completed five generations. A part of the culture is

21
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maintained on the eqgs of Plutella xylostella. The per
cent parasitisation was 47.4 - 93.4 on P xylostella.

Studies on Eriborus trochanteratus

A shipment of Erborus frochanteralus adapted o
Opisina arenosella was received from 3ii Lanka on 4%
February 2005. A pure culture raised on Corcyra larvag
has established wellin the laboratory and has to be tested
on 0. arenoselia. '

(iv) Rearing and evaluation of natural enemies
with special reference to scelionid, braconid,
ichneumonid and anthocerid groups

Rearing of Spodoptera exigua

Spodoptera exigua was successfully reared in the
laboratory on a semi-synthetic diet developed for 5. fitura
(Nagarkatti and Satyaprakash, 1972) for 7 generations.
Each female laid 348-411 eggs (Mean - 384/female) with
8-50% hatching (mean - 27%). The per cent pupation
was 71.8%, B2.0% and 15% during July-August,
September-October and November-December,
respectively. Incubation period was 3-4 days, larval period
13-14 days and pupal period 4-5 days. From December,
there was a drastic reduction in hatching and pupation
due to very low humidity. The fecundity ranged from 3 o
28 egy masses per 5 pairs. Egg laying ranged from 50 to
107 .3 during the first five days of aviposition and a drastic
reduction was observed from the 8" day (Fig. 1). The per

cent hatching ranged 17-28 during the first & days and
declined laler,

Ovipositional preference of H. armigera on
different chickpea varieties

The ovipositional preference of H. armigera onseven
varieties of chickpea, viz, JG74, L550, JSC6, JG315,
ICCV2, Black Channa and JG130 was studied in free
choice tests. The per cent egg laying was maximum on
JSCA and JG315 (19.14 and 17.88, respectively) (Fig. 2),
but the values were not significantly different.

Shipping technique for Telenomus remus

A method was standardised for the shipment of
parasitised cards of Telenomus remus. Polystyrene strips
with slits were fixed to the sides of ventilated plastic boxes
and the ends of each card were inserted Into the siits.
These hoxes were used for shipments. Seven
consignments of parasitised eggs of Telenomus [of
different age and stored batches) were sent by courier fo
Kerala and the feedback indicated that the egg masses
ware intact upon receipt,

The parasitised egg cards of Telenamus wera sent
two, four and eight days after exposure. Another set of
Tefenomus cards was shipped after 2, 4, 6 and 8 days of
storage. Except for two consignments, which reached
after 5 days from the date of shipment, all the other
consignments reached in 1-2 days, From the unstored
cards, emergence occurred after the cards reached the

0 Mo of eggs/f
O Per cent hatching

Fig. 1. Day-wise fecundity of Spodoptera exigua
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Fig. 2. Ovipositional preference of H. grmigera on different chickpea varieties
(Figures in parentheses are angular transformed values (df=6,42; F=1.24; P=0.31; Non-significant)

destination in 9-10 days from the date of exposure as in
the control. In the case of the stored batches, emergence
occurred in 9-10 days, 11 days, 1113 days and 16 days
from the date of exposure in 2, 4, 6 and 8 day storage
batches, respectively. These were also comparable to
the control batches.

Production protocol for Telenomus remus (10
lakhs/month)

@ Each Spodoplera litura egg mass has approximately
200 eggs

® Sexratioof T remus is generally balanced- 1:1.

@ Two days before the due date of emergence of T
remus, segregate 5 patches of parasitised eggs par
tube.

@ 24 hafter emergence of adults, expose 10 patches
of eggs (0-1-day- old) into each tube.

o Allowto parasitise for 48 h, remove the exposed egg
patch and again separate into 5 parasitised patches
per tube.

e |n 10-12 days, adults emerge from the parasitised
€gg patches.

® From one exposure, 2000 adults or 1000 females
are expected to emerge.

e Inordertooblain 10 lakh Telenomus per month, 500
exposures per month to be made, @ 125 per week
and 20 per day.

e Toreach this level of production, the host culture {S.
litura) 1o be scaled up to obtain at least 220 egg
patches per day.

s Optimum parasitoid: host egg ratio has been found
to be 1:2, hence adults from one parasitised egg
patch to be released for each egg mass of
Spodoptera found in the field,

Cost of production of T. remus

Cost of production of one pupa of §. fitura = Rs.0.78
100 pupae = Rs.79-
58 female maoths = Rs79-

Each female malh can lay approximately 1000 eggs
or 5 good paiches with 200 eggs in each patch,

For 250 egy patches {from 50 moths) = Rs.79-
Cost of one egg patch = Rs032
Cost of 100 egg patches = Rs.32-

Tan egg patches for each exposure
Additional cost involved in making cards, feeding adults
with honey, ele. for 10 exposures = Rs.5/-

Cost of 100 parasitised egg patches = RsJ37-
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Cost of 1 egg card of Telenomus

with 10 parasitised egg patches = Rs370

This does not include the cost of infrastructure &
manpower. For the release of one lakh parasitised eggs
per ha, 50 such cards are required, which would cost Rs.
200/,

Praduction of Campoletis chlorideae

Production details for Campoletis c‘hfon'deae

were warked out by utilizing large cages measuring 1.7 x-

1.7 %25 The production details were worked out for fwo
years, 2003-04 and 2004-05, The number of cocoons
per female ranged from 2 ta 8.5 during 2003-04 and 6.1
{o 18.9 in 2004-05. The cacoon production was higher
during September-January (Fig. 3).

Per cent parasitism ranged from 10.32 to 35.2 in the
first year and 19.4 to 42 4 in the second year. In the first
year, per cent parasitism was higher from September to
December (23.98 to 35.2) and in the second year
parasitism was more thar 30% from November

Per cent adult emergence ranged from 50 to 77.94
in the first year with a drastic reduction during February-
March. In the second year, more than 50% emergence
was observed almost round the year.

A humidity of 70-B0% and temperature of 26-28°C
were found optimum for increasing the production,

The production details at three parasiteid densities
per cage — 5-8, 10-13 and 20-23 - are summarized in
Table 1.

Performance of Campolelis chlorideae on Bt and
non-Bt cotion

The per cent parasitism of 8. lifura larvae obtained
on Bt and nan-Bt cotton (var. MECH-162) was 29.27 and
17.04, respectively, and that of Helicoverpa armigera
larvag, 4.31 and 3.22, respectively, indicating that the
performance of C. chlorideae on Bt and non-Bt cotton
was on par.

Biological parameters of Orius tantillus at different
temperature regimes

Orius tantiffus adults were maintained at four

k- PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

temperature regimes and their biological parameters
studied {Table 3). Male and female longevity was
maximum at 24°C and minimum at 30°C. Though the
developmental time was shortest at 30°C, the adult
longevity was reduced. Developmental time was
prolonged at 20°C. The maximum progeny production
was at 24° and 28°C, while it was drastically reduced at
20 and 30°C. Considering longevity and progeny
production, 24°C was the optimum temperature (Table
2}

Evaluation of Blaptostethus pallescens on
Sitotroga cerealella

In preliminary triats 1o evaluate the efficacy of
Blaptostethus paflescens nymphs against Sitotroga
cerealella eggs Infesting rice, Sitotroga adult emergence
In the treaiment bafches was 8% as compared to 52 3%
in the control, The predator could mave up to a depth of
13 cm.

Evaluation of Blaptostethus pallescens on H.
armigera eggs and larvae

The feeding potential of B. paliescens nymph, adult
male and adult female on H. armigera eggs was 2.7, 8.1
and 14 per day, respectively. When the anthacorids were
released, only 26.7% haiching was observed compared
lo 79.4% hatching in control. At a ratio of 50 eggs: 5
nymphs, after 4 days, only 7.5% hatching was observed
In treatment and 60% in control, The predator could also
feed on young larvae of H anmigera.

(v) Development of novel mass production,
storage and packing fechniques for
Cryplolaemus montrouzieri

A novel method of mass production of Cryptolasmus
montrouzieri using Sitotroga cerealella eggs is being
developed

Biology of Sitolroga cerealella on different grain
media

Biology of S. cerealella was studied on paddy,
unhusked wheat, barley and maize. The egg, larval and
pupal periods were 5.0-8.1, 15.5-24.0, 7.5-10 days,
respectively, on these media. Total average life cycle
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Fig. 3. Number of cocoonsifemale of Campoletis chlorideae in different months

ranged from 36.66 to 37.00 days. Maximum average
fecundity was obtained on maize (138.8 eggs/female),
followed by paddy (122.68 egg/female). The average total
life cycle was completed faster in October {32.58 days),
and greatly plolonged in January (41.4 days).

Mass multiplication of Sitotroga cerealella on
unhusked wheat

Sitotroga cerealella was reared on a large scale on
unhusked wheat in the laboratory for 9 generations. The
moths started emerging after 30 days of infestation. The
life-cycle of the female was shorter than male. The weight
of the female pupa was 4.34 mg and that of the male was
309 mg. The adult longevity ranged from 6.32 to 7.87
days, Fecundity was 108-115 eggs per female. About 10
ce eggs/week was obtained (3 cc on alternate days) by

infesting thg grains with 1cc of eggs on altemate days.
The egg, larval and pupal mortality was 19.35-26.20,
53.22-54.50 and 8.65-10.17%, respectively. A culture
started with 100 egas is likely to vield 30-35 adults.

Oviposition preference of 5. cerealella on different
substrates

Absorbentcotten, black muslin cloth and black paper
{smooth and rough) were evaluated as substrates for the
oviposition of 5. cerealglia. Maximum eggs were laid on
cofton pad foliowed by black paper. Eggs laid on black
muslin cloth folds were sparse and there was heavy scale
accumulation. The problem of egg entanglement in
cotton and scale removal on rough black paper was
eliminated in smooth black paper accordion, which is a
good oviposition substrate for S, cerealella.

Table 1. Cocoon and female progeny production at different parasitoid densities per cage

No. of female Cocoon Cocoons/ No. of Mo, of
parasitoids harvest female females females/
per cage per cage per cage female
58 720 144 15 5
1013 73.3 g3 20 2
20-23 115.0 6.0 33 2
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Table 2. Biological parameters of Orius tantillus at different temperature regimes

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

Temp. Male Female Male Female Progeny/
{°C) Longevity Longevity Dewvpt. Devpt. female
(days) (days) (days) (days)
20 14.7 233 271 29.9 132
24 323 36.2 21.0 203
28.8
28 190 241 18.0 17.8 262
30 ar 165 14.2 13.6 13.8

Biology of Cryptolaemus montrouzieri on
Sitotroga cerealella eggs

Seven generations of C. montrouzien were reared
on 8. cerealefla egys. Three cc eqgs of S. cerealella
were used for rearing 10 larvae of C. montrouzieri up to
pupalstage. Atotal of 185 larvae was reared in the first five
generations. The pupation was 67.57% and adult
emergence from these pupae was 84%. The average
total survival in the first five generations was 56.75%. The
average larval and pupal periods were 13.69 and 7.36
days, respectively, whereas adultlongevity was 52.02 days.
Average adull weight was 8,686 mg while female
population was 35.61%,

{vi) Mass production and evaluation of Micromus
sp.

Weekly surveys were conducted in sugarcane
growing areas of Kamataka during 2004-2005, besides
a few surveys in Andhra Pradesh, Tamil Nadu and
Maharashtra. Several immature siages of hemerobiids
were collectad from these areas. The species was
identified as Micromus {gorotus Banks.

Studies on the biology of Micromus igorotus

The biology of M. igorotus was studied on C. lanigera,
Pseudoregma bambusicola, Aphis craccivora and
A. spirascola. Adult longevity, pre-oviposition and pupal
periods were extended when the adults and larvae of
M. igorotus were reared on the laboratory host, A.
craccivora [Table 3).

The larvae of M. igorotus could not survive on the
eggs of C. cephalonicaand 5. cerealella and the nymphs
of Maconeliicoccus hirsutus, Planococous citiand Ferrisia
virgata.

Field evaluation of lab-reared Micromus igorotus

Laboratory reared M. igoroius was evaluated in the
tield at Deshahalli, Maddur, in a 0.25 ha sugarcane plot.
Cne thousand eggs of M. igorofus were released in two
instalments at weekly intervals. First release was made
in the first week of December, when the initial population
density was 62.5 aphidsiclump. The aphid population
came down to 45.6 per clump a week after release.
However it increased and reached its initial density (80.1
aphids/clump) in the following week, whan the second
release was made. The population remained low in the
following two weeks (43.2 and 38.8 aphids/ clump).
However, the aphid population had its second paak in
the next week {59.9 aphids/clump} (Fig. 4). Even after
the release the average population of the predator never
reached even up to one larva/clump, apparently due lo
the presence of scidier aphids,

Survey for the natural enemies of Ceratovacuna
lanigera

In weekly surveys in 12 villages of Maddur taluk of
Mandya district (Karmataka), Dipha apfiidivora, Micromus
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Table 3. Biology of Micromus igorotus on various aphid species

Aphid species Biological parameters (days)
Adult Pre-oviposition Egg Larval Pupal
longevity period period period period
A craccivora 2872 5.21 4.00 B.83 .06
P bambusicola 2850 481 355 723 646
A spiraecola 19.83 6.28 4.00 750 7.16
C. lanigera 2951 412 367 678 576
70 035
L = ﬂ‘ oy g
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Fig. 4. Field evaluation of laboratory reared Micromus igorotus at Maddur

sp., Mallada desjardinsi (= Mallada boninensis), Spaigis
epeus, C. montrouzier) and Synonyeha grangis were
recorded. These predators occurred in small numbers
and only once in the crap season (January, 2005).

Adulis emerging from the field-collected pupae of
M. desjardinsi were released inside a cloth-walled cage
(30x30%300m) on a bouquet of sugarcane leaves infested
with C. lanigera. The fecundity was 154.75 eggsifemale.
The larvae, howaver, could not survive on C. lanigera in
the laboratory.

In and around Mandya district, C. Janigera
populations peaked in October-December, 2004. The

populations of D. aphidivora did net always peak with G,
lanigera populations. Synonycha grandis was noticed
oceurnng naturally, though in very low numbers.

In Tahttiguppe area of Bangalore rural, two syrphids,
Episyrphus balteatus and Dideopsis aegrola, were
recorded. Eupeodes confrater was collecled in large
numbers. Efforts made to rear this species failed,

Rearing of Anisolemnia dilatata and Dipha
aphidivora on Aphis craccivora

Attempts were made to rear A dilatala and
D. aphidivora on alternative prey. These could be reared
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on laboratory reared A, craccivora, High mortality was
naticed in A. dilatata, particularly during the egg (57 6%}
and first instar (23.0%). D. aphidivora, however,
developed successiully (Table 4), though adult longevity
and the rate of multiplication were much lower on A.
craccivora.

Table 4. Developmental time of Dipha aphidivora
on Ceratovacuna lanigera and Aphis
craccivora

Stage | C.lanigera (days) A, craccivora (days)
Eqg 34 5.1
Lama 114 123
Pupa 7.1 8.2
Adult 6.2 38
Total 281 29.4

Ovipesition and feeding preference of Dipha
aphidivora

Dipha aphidivora laid more eggs on paper of rough
texture (507) compared to polyethylene (122} or cloth
(39). When fed solely on a diet of nymphs, alates or sterile
soldiers of C. lanigera, D. aphidivora failed to develop on
the soldiers (Table 5). The developmental period was
fastest on nymphs. Adult longevity was also higher when
larvae were fed on nymphs (Plate 3}.

Plate 3 : Different stages of Dipha aphidivora
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Table 5. Development of Dipha aphidivora on
different castes of Ceratovacuna lanigera

Castes Period suryviving (days) as
Larvae Pupae Adults

Alates 13 8 2

Scldiers 1

Mymghs g 8 3

(viii) Herbivore Induced Plant Synomones and
their utilization in enhancement of the
efficiency of natural enemies

Volatile profile of Bt and non-Bt cotton with and
without imidacloprid treatment

The volatiles trapped from the bolls of Bt and non-Bf
cotton with and without imidacloprid treatment were
identified using GCMS system. Maximum compounds
[20) were identified from non-Bt cotton, followed by Bt
with imidacloprid and non-Bt with imidacloprid (14 each),
Minimum compounds (11) were identified from Bt cotton,
Non-Bt cotton contained Alpha-pinene, undeacane,
decane and eicosane, which were absent in Bt cotton
and other combinations. Octadacane was found only in
B! cotton. However, quantitative changes were observed
in some compounds like dodecane, limonene and
linalool.

Volatile profile of male flowers of different
varieties/hybrids of maize

The volatiles from fifteen vaneties! hybrids of maize,
namely, FLDK-973, Kesari King, Deccan comn, Ganga
Kaveri 3014, FLDK-984, Shubham Aditya, Seediek-740,
Seedtek-Suraj, Seediek Kanak, ITC Advanta 9714
American Seed Popcomn, Pioneer Hybrid com, PMH-
2255, Godavari Shubham and Sumilra seeds were
trapped, concentrated and identified using GCMS
Linalool-L was present in all the 15 varieliesfhybrids (4.23
to 78.44%, highest from Varlety Godavari Shubham).
Limonene was identified from 14 varieties (0.05% fo
87.61%, the highest from American Seed Popcorn),
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Pentanol was found in 12 varieties (0.01 to 64.24%, the
highest in Kesari King). Maximum volatile diversity was
found in American Popcorn {19), followed by Seediek
Suraj 18),

Green leaf volatiles of different varieties/hybrids
of maize

Green leaf volatiles trapped from different varielies/
hybrids of maize were identified. Maximum compounds
were identified from the green leaves of vanety Deccan
{17), followed by ITC Advanta (10) and Pioneer (9). The
most  common compounds were 1.2+
Benzenadicarboxylic acid, heptadecane. pentadecane.
dodecane and phenal, 2.4-bis.

Volatiles trapped from buds of Tageles erecta

Seventeen volatile compounds were identified from
marigold buds. The most common compounds werg
cis-ocimens, beta-ocimene, cis-hisabnlene, beta-
bisabolene, sabinene, myrcene, methyl chavicol, alpha-
terpiniole and phenol 2, 4-bis.

EAG response of Chrysoperia carnea to plant
volatiles

Thirteen plant volatile compounds identified from
maize, cotton, and tomato were evaluated through EAG
sludies for theircue to C. carnea. Highest response of C.
camea was noticed towards linalool {-1.308mv), followed
by alpha-pinene (-1.214mv), n-tetradecane (-1.091),
methyl salicylate {-1.032mv) and alpha-terpinene |-
0.937mv). The best two compounds, namely, linglool and
alpha-pinene, alang with myrcene and their combination
in 1:1:1 ratio were re-evaluated in two concentrations.
Combination of these in equal proportion at full and half
concentration of myrcene received maximum response
from C. camea females.

Olfactometric response of T. chilonis to plant
volatiles under dual choice condition

QOltactometric response of T. chifonis to linalool,
limonene, alpha-pinene, myrcene, methyle salicylate
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and combination of linalool+ limonene + M. salicylate
was svaluated under dual-cholce cendition. Maximum
response was recorded towards myrcene (58.66%),
which was on par with mathyl salicylate (48.66%), alpha-
pinene (47.99%), and limoneng (43.33%).

Olfactometric response of T chifonis 1o linalool,
myrcene and alpha-pinene and their combination in
equal proportions was studied in a Y-tube olfactometer
under dual choice condition. Significantly highest net
response was obsaerved towards linalool (27.50%),
followed by myrcene (21.25%), which was on par with
their combination (17.50).

Thirteen plant volatile compounds and some
combinations were evaluated for their cue to Tehionis.
Maximum response was given to a combination af o-
Pinene+linalool + a-terpineng (2:2:1) (40.00%), followed
by c-Pinene+linalool+ w-terpinene {1:1:1} (40.00%] and
linalool alone

Olfactometric response of T. chilonis to plant
volatiles under multiple choice condition

Under multiple choice-olfactometeric study, T.
chilonfs gave maximum relative response to linalool
(18.66%), followed by limonene, alpha-pinene and
myrcene. Combination of linalool, limenene and methyl
salicylate was less attractive. In another bioassay on the
response of T. chifonis to alpha-pinene, linalool, myrcene
and their cembination, maximum response was lo
linalool (67.70%}, followed by myrcene (B0.00%).

Olfactometric response of T. chilonis to volatiles
of male and female flowers of maize

Eighteen varieties/hybrids of maize were evaluated
for the response of T chilonis to the volatiles released by
their male and fermale flowers in a Y-tube olfactometer. T
chilonis gave maximum respanse to the female flowers
of Deccan (94.87%), followed by TG Advania, Pionger
hybrid (77.76%) and Ganga Kaveri 3014 (73.84%). Among
male flowers, maximum respanse was to Pioneer hybrid
(71.41%), followed by ITC Advanta (61.08%) and Ganga
Kaveri (46.15%}.
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Olfactometric net response of C. carnea females
to plant volatiles

Chrysoperia carnea females were given chemical
cues of fourteen plant volatiles in a Y-tube olfactometer
and evaluated for their net response. Mean ret response
was maximum 1o linalool {23.33%), followed by alpha-
pinene (16.66%), (IS)-{-)u-pinene (16.66%), n-
hengicosane (16.66%) and n-decyl aldehyde (13.33%),
However, statistically all these cues were on par. There
was no response lo hexacosane.

The best Ireatments (volatiles), viz., alpha-pinene,
linalool, myrcene and their combination in 1:1:1 ratig,
were re-evaluated on C. carneg females in a dual test.
Again linalool was found most attractive (net response
value 66.66%), followed by alpha-pinene (50.00%).
Myrcene alone was the least attractive (36.33) and on
par with combination (37.58).

Response of C. carneato different volatiles under
multiple choice

Five plantvolatiles, viz., linalool, limonene, o-pinene,
myreene, methyl salicylate and linalool + limonene + m.
salicylate (1:1:1) were evaluated against €. camea
females under multiple-choice condition, Maximum
relative response was shown fowards linalool {18.66%),
followed by limonene (15.99%], and o-Pinene (15.99%).
Methy! salicylate (9.33) and combinations (9.99) were
the least aftractive and on par.

(ix) Host-derived kairomones to enhance the
efficiency of natural enemies

In a field trial at Raichur (Karnataka), the per cent
damaged bolls in the kalromone treated plants was less
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compared ta treated conirol (natural released enemies
without kairomaone treatment) and untreated conirof plols.
Higher number of good open bolls (22 1) and least
number of bad opened bolls (8.2) were recorded in
kairomene treated plots. Highest yield was recorded in
the kairomane treated plots (22.44 q/ha) (Table 8)

Field evaluation of kairomones as reinforcing
agents for trichogrammatids on cotton

A field trial was conducted at Raichur (UAS-D) on
the use of kairomones as reinforcing agents for T. chilonis.
There was a definite increase in parasitization in the
treated plot over the treated control. However, the recovery
was found 1o decrease over a period of tima (Table 7).

Table. 7. Recovery of Trichogramma chilonis from
kairomone-treated experimental plot

Recovery Per cent eqgs parasitized
Treated plot Treated control

1 3 23

2 KT 28

2 24 &

4 18 1

The pest incidence was lower in the kairormone-
treated plot compared to treated contral and untreated
plots. The number of good open bolls (20.12) and vield
were higher in the treated plot (18.6 g/ha} compared to
treated control (16.9 gfha) and untreated plots (12.2 g/
ha). The number of bad open bolls per plant was higher
in the untreated plot {28.2) followed by treated contral
(10.3). The kairomone-treated plot recorded the lowest
number of bad opened bolls (8.84).

Table 6. Incidence of bollworms and yield in kairomone-treated cotton

Parameter Treated Plot Treated control Untreated
Fruiting bodies damaged {%) 21.34 26.64 48,44
Gaod open bolls per plant 2212 18.12 11.44
Bad open bolls per plant 8.2 12.22 26.48
Yield (Q/ha) 244 012 13145
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Mass priming of T. chilonis with kairomones

Amang the unsaturated hydrocarbons tested as
mass priming agents to increase the searching efficiency
of T. chilonis, nonacosane recorded higher parasitization
{16.8 %), followed by hexacosane (13.6 %). The control
recorded lowest parasitization 3.8 %j).

Development of kairomonal formulations with
combination of linalool and unsaturated
hydrocarbons

Linafool, a compound from cotton plants, was found
to be atiractive to most of the entomophages, recording
higher parasitization at 0.1 and 0.2%. Nonacosane in
combination with 0.2% linalool recorded highest
parasitization compared to other compounds
(Table 8).

{x) Development and evaluation of improved
strains of trichogrammatids

Evaluation of Trichogramma chilonis and
Trichogramma embryophagum against Opisina
arenosellaon coconut

Release of either T. chilonis or T embryophagum at
1000 wasps/palm effectively suppressed O arenossla
on eaconut palms. The mean per cent reduction in larvat
population was 75.6% in T. chilonis and 88.8% in
T embryophagum (Table 9).

Table 8. Parasitization by T. chifonis in different
combinations of linalool and unsaturated
hydrocarbons (0.1%)

Compound Per cent parasitization by
T chifonis at different
concentrations (%)
of linalool

0.1 n2 0.3
Tricasane 250 272 00
Pentacosana 280 244 0o
Docosane 278 24.8 0.0
Monacosane 256 3B 20
Hexacosane 232 2410 0.8
Confrol 140 164 Do
CO (P=0.05) 48

Testing of trichogrammatids against Earias vittella
on okra

Based on per cent parasitism and emergence
from E. vittella eqgs, T. achaeae (47.6 and 38.4%)
T ehilonis (43.5 and 40.2%), T embryophagum (33.9
and 39.6%) and T. brasifiense {40.1 and 30.3%),
respectively, were the most suitable species. Though

Table 9. Efficacy of Trichogramma spp. against Opisina arenosella larval population on coconut in

Bangalore
Treatments 1% generation Mean(T)*
Release rate @ parasitised eggs [ palm

1000 2000 3000 4000
T hitonis 0.30 40 0.30 020 0.2
T embryophagum 0.10 0.10 0.10 0.10 0.100
Untreated control 0.90 (.90 0.90 0.90 0.90¢
Mean (RR) 0.43 0.36 043 | 043

i RA Tx PR
CD (P=0.05} .18 NS NS
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1. wendrolimi parasiised 47.6% eggs, adult emergence
was very poor (1.3%). In general, sex ratio was female-
biased,

Effect of photoperiod on parasitizing efficiency of
trichogrammatids

The data on effect of photoperiod (14L: 10D, 12L;
120 and 8L: 18D} and temperature of 25+1°C on the
parasitizing efficiency of certain trichogrammatids
revealed that T chilonis exhibited greater response to
changing phofoperiod (Table 10).

Table 10. Effect of photoperiod on the efficiency of
parasitization of trichogrammatids

Species Per cent parasitization in
14L:10D | 120:12D | 8L:16D
T iaponicum 78.0 £9.0 50 .
T. chilonis 56.0 64.0 84.0
Tr, bactrae 55.0 64.0 4.0
T pretiosurm 3.0 56.0 5.0

Storage studies with Corcyra cephalonica eggs
and T. chilonis parasitised eggs at low temperature

A modified atmosphere packing enhancing the
storability of Corcyra eqgs parasitized by Trichogramma
ta 42 days has been developed. This technique enhanced
the shelf life of C, cephalonica eggs by 3-4 fold as
compared to the traditional method (Table 11).

Efficacy of various release methods on
parasitising efficiency of T. chilonis

The efficacy of varigus release methods on the
parasitising efficiency of T chilonis was studied in terms
of time taken for release and per cent emergence (Table
12). The per cent emergence from various ireaiments
was significantly higher in traditional technigues like adult
and Tricho-bil releases, and also in same of the nawer
tachniques like Tricho capsule and loose eggs without
carrier (95.0 ko 100.0%). However, when laose eggs were
mixed with a solid carrier or agqueous solution, the
emergence was reduced (40.5 to 57,1%}.

Maximum parasitisation was obiained when loose
eggs mixed with vermiculite were used (78.7%) and it

Table 11. Effect of storage of Corcyra eggs on parasitization by Trichogramma and its emergence

Storage (days) % parasitism % emergence
New method 0Old method New method Oid method

7 100.0 100.0 95.0 950
14 100.0 50.0 85.0 8954
21 95.0 400 95.0 750
28 90.0 5.0 a0.0 75.0
5 80.0 0.0 0.0 75.0
42 70.0 00 85.0 7a.0
49 30.0 0o 70.0 500
56 30.0 0o 24,7 16.0
63 200 2] 11.8

70 10.0 0o 6.4
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Table 12. Comparative efficacy of different
techniques of release of Trichogramma

chilonis
Release of Time taken |Emergence
(in minutes) (%)
Aduts L 100.0°
Tricho bits 2.¥ 95.0¢
Tricho capsules 6.4 2574
Loose eggs 3z 8500
Loose eggs inwater 1.5° 50.0°
Loose eggs in Tween 80 (0.1%) 34 52.4¢
Loose eggs in agar solulion {1%) 1.0 4.9
Loose egos with tale 1.0 40.5¢
Loose eggs with semalina 1.1 57.4%
Loose egos withvermiculite 1.3 5710

Means followed by similar letters are not different statis ically
{P=0.05).

was on par with adult release (65.9%) and loose egys
mixed with semolina (61.3%), but significantly higher than
other treatments (P = 0.05%). Amongst the treatments
with aquaous carriers, spraying of loose parasitised eggs
in agar sclution recorded high parasitisation {55.3%)
compared to other freatments where loose eggs were
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mixed with soap solution (46.7%) or water (33.4%). The
results indicate that it is possible to develop better
alternative methods of Trichogramma release both in solid
and agquecus carriers.

Biochemical characterization of Trichogramma
strains

Protein content was higher in the heat tolerant
Trichogramma sirain (24.8 mg) compared to laboratory
strain (17.8 mg/100 ml of sample} {Table 13, indicating
that more protein accumulation occurred due to heat
treatment, making them survive at a higher temperature.
Glutathign S-ransferase activity of various insecticide-
tolerant strains {without exposure to respective
inseclicides) was greater compared 1o he laboratory
strain.

(xi) Developmentand formulation of artificial diets
for anthocorids

Development of Orius tantillus on artificial diet,
prey insects and plant materials

Development of Orius tantilus nymphs (2-day-old)
was studied on ten different diets comprising beef liver-
based Iyephilized artificial diets, prey insects,
maize pollen and cut beans in various combinations. Total
developmental time from egg to adult averaged 10.0-15.3

Table 13, Profein content and GST activity of various strains

Strains Pratein Specific activity of GST (i mol CDNB conjated /

content mg of protein | minute)

{mg /100 mi of Parent 3 git T

sample) generation generation generation generation
Heat tolerant 248
Laboratory strain 17.8 130:2
Endosulfan tolerant A 2308 3685 2365 3788
Monccrotophes tolerant - 2455 264, 2399 2485
Fenvalerate tolerant - 215.3 2355 223.3 3048
Multipfe-insecticide tolerant - 2392 1858 373.0
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Table 14. Developmental time, survival and per cent female progeny of 0. fantillus on different diets

Diet Duration of nymphal stage (Days) Survival (%) Female (%)
Diet 1 (Maize polien) 11.6° 5g.20 200
Diet 2 (Bean along) 15.3¢ 1431 i
Diat 3 (Artifictal diet along) 1200 2 5 B v
Diet 4 (Maize pollen + beans) 1.0¢ g2.3" 18.0r
Diet5 {Arificial diet + beans) ' 11,10 83.0° 230!
Diet & {Artificial diet + maize pollen + beans) e 74.04 26.0"
Diet7 (Gorcyra eqgs + beans) 1087 ho" 8.0
Diet 8 (Siotroga eggs + beans) 1002 756° 4300
Diet 8 (Thrips = beans] 13 B5.5° 350"
Diet 10 (Water alone) 0 (=0"

Neans followed by similar ietters are not different statistcally {P=0.03).

days (Table 14}. Rearing on beans alone individually resulted in camparatively lower nymphal

34

{Diet 2) significantly extended the developmental
period compared to that on other diets. Survival on
lepidopteran eggs (Diet 7 & Diet B) was similar but was
higher on the natural prey Thrips palmi (Diet 9). Among
the diet combinations, artificial diet + maize pollen +
beans was found to be effective for rearing O. tanbillus
{Fig. 5). Natural and artificial diets when offered

survival and per cent female emergence, than when
offered in combination with maize pollen and beans. On
beef liver-based artificial diet enriched with
cholesterol+maize polien+beans, the nymphal period,
adult formation and longevity were 15.8 days, 67 % and
16.9 days, respectively. Arificial diet-reared predators
could lay eggs.

&
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(=]

No. of eggsifemale
=4

20
10
e . 2
Magze Pollen AR+ Beans ADHMPE Corgyra+i Sitotroga+E Thrips+B
w Diet

Fig. 5. Fecundity of O. fantillus reared on different diets
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Development of artificial diets for the rearing of
Dipha aphidivora and M. igorotus

An aftempt was made to develop an artificial diet for
the rearing of D. aphidivora, Three-to-four-day-old D
aphidivora larvae were reared on artificial diets (AD | and
[1}. On AD I, 45% of the larvae reached the pupal stage,
with 40% adult emergence. The adult moth lived for 7
days and laid fertile eggs. Mean pupal and adult weight
was 1.32mg and 0.58mg, respectively. The mean survival
and adult emergence on AD |l was 45%. The pupal and
adult weight and longevity of the adult moths were
1.32mg, 0.64mg and 7 days, respectively. The females
could lay eggs. These two arificial dieis were found 1o
be promising.

Larvae of Micromus sp. were not able to complete
the development on artificial diets.

Rearing of Chrysoperla carnea using artificial diet

One-day-old larvae of C carnea were reared on
artificial diet from F32 10 F38 generations and the mean
per cent pupation and adult emergence were 87.0% and
84.8%, respectively. Fecundity was 337 eggsffemale.
Mewly hatched larvae were reared on artificial diet from
F29 to F35 generations and the pupation, aduli
emergence and fecundity were 86.5%, B4.5% & and
324.8 eggs/female, respectively. The same parameters
when redred on Corcyra were 87.0%, 85% and 348.8
eggsifemale (F28 to F34 generalions), respectively.

Anmual Report

2004-2005

There were no significant differences in ihe biological
attributes of C. carneawhen reared on dietand on Coreyra
{Fig. B). A palent has been filed for this arificial diet.

(xiiy Development and evaluation of artificial
diets for Opisina arenosella and Plutella
xylostella and studies on host-parasitoid
relationship

Evaluation of artificial diets for Opisina arenosefla

The diet with toddy palm leaf powder in combination
wiih defatied soya and kabuligram was most suitable for
the development of Q. arenosella among the diets
evaluated. The artificial diel was refined to improve the
larval survival, per cent pupation and fecundity. Significant
differences were observed between O. arenosefia reared
on natural {coconut leaves) and artificial diets with respect
to the above attribules (Table 15). The shelf life of the
artificial diet at room temperature (25-27°C) was 20-22
days. The cost of rearing a pupa on the artificial diet based
on per cent pupation (73.2) was Rs. 0.80, while on the
natural diet, the cost was Fs. 0.71 (89.2% pupation).
Artificial diet stored at 8'C for 20 days provided 58.6 %
pupation.

The parasitoids, Goniozus nephantidis.
Brachymerna nosatol and B, nephaniidis successfully
multiplied on arificial - diet reared on Q. arencsella
(Table - 16)

BE 4
a0
88

B84
a2 4
=
T8
76
T4

Survival (%)

B AD
B Corcyra

Generation

Fig. 6. Comparative survival of C, carnea reared in vitro and in vive
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Table 15. Development of Opisina arenosella on artificial and natural diets

Biological attributes Tp +Ds + Kbg Toddy palm leaf Coconut leaf
Larval pericd (days)” 582 364 B2
Pupal period (days)* 8.6 64 8.62
Pupation (%) 732 §9.2¢ a7.6
Adult emergence (%) 66.2° 466t §3.4°
Fecundity (number of eggs per female) 102.2* 1282 11420

Weans {n=26 generations) followed by the same letters in horizontal columns are not significantly different.
* Differences betwaen the means are net significant statistically (P=0.01).
TF + Ds + Kbg = Toddy palm leaf powder + defatted soya + Kabuligram

Table 16. Development of Goniozus nephantidis and Brachymeria nephantidis /B. nosatoi on O. arenosella

reared on artificial and natural diet

Biclogical attributes Artificial diet reared host larvae | Host plant reared larvae
G. nephantidis

Total developmental penod (days) 14.2 122

Mumber emerged/ana 8.1 84

Adult longevity (days) 52.2 0.2

Number of larvae parasitised during lifa ime 12.2 15.4

B. nephanticis (B. nosatol)

Total developmental periad (days) 16.1 16,0 15.6 (16.2)

Adult longevity (days) 45.4 (49.4) 80 (62.0)

Per cent parasitization 85.2 (B1.4) 93.0 (88.4)

Figures in parentheses correspond to B. nosafor, Mean of 23 generations

Ovipositional response

When old larval galleries of O. arenosella with frass
were used as a substrate for oviposition, the fecundity,
per cent hatch and larval survival were significantly higher
[128.6,94.0 and 92.0, respectively) than those on coconut
leaf wrapped with cotton (102.4, 89.2 and 75.6,
respectively).

Evaluation of artificial diet for Plutella xylostella

Defafted soya with cabbage leaf powder was more
suitable than the other diets evaluated. The soya-based
diet was further refined to improve the biclogical

parametres. On the arfificial diet, an adult emergence of
68.4 per cent and fecundity of 78.2 were recorded (Table
17), while en natural diet (mustard seedlings) 90.2 and
112 per cent, respectively, were recorded. The
developmental period was prolonged on arificial diel
and significant differences were observed between the
artificial and natural diet reared hosts.

The shelf life of the soya-based diet at room
femperature (25-27°C) was 18 days. The cost of rearing
a pupa on the artificial diet excluding the cost of labeur
and permanent items was Re. (.24 based on the average
per cent pupation of 60.6, On mustard seedlings, it was
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Table 17. Development of Plutella xylostella an artificial diet and natural host

Diet Biological parameters

Larval period (days)[Pupal period(days)] Pupation(®) | Adult emergence[%)[ Fecundity
Soya baseddiet 10.6 76 G0.6 584 782
Control {Mustard seedlings) 6.8 52 58,6 822 1124

Means (n=27 generations) are not significantly different (P=0.05),

Re. 0,17 per pupa considering 88.6 per cent pupation.
When reared on artificial diet stored at 5°C for 15 days.
54.2 % pupation of P, xylostella was recorded.

Ovipositional response of P. xylostella

Aluminium foil dipped in cabbage leaf extract when
used as a substrate for oviposition resulted in lower
fecundity (89.6), but higher egg hatching (86.6%) and
larval survival (89.2%) compared to cabbage leaf (126.4,
02.0 and 94.2, respectively).

Development of Cotesia plutellae on host reared
on artificial diet

The developmenta! period of the parasitoid did not
differ on natural and artificial diet-reared hosts. However,
significant differences were observed in the per centage
parasitisation and adult longevity of the parasitoids reared
on ariificial diet (78.4% and 8.12 days, respectively) and
natural diet reared hosts (92.6 % and 12.4 days,
respectively).

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

Host-pathogen relationship

Crocidolomia binotalis NPV at varying concen-
trations (10° to 10* POBs/ml) could cause 33.3 to 90%
mortality of late second instar larvae and 70 to 80%
mortality of third and fourth instar larvae, when incubaied
for 4-6 days

CbNPVY was not found infective to Helicoverpa
armigera, Spodaptera fitura, Spodoptera exigua, P
xylostelia, Hellula undalis, Trichoplusia ni. Chilo partelius,
Galleria mefionella and Corcyra cephalonica at 1x10°
POBs,

Safety of C. binotalis NPV

Crocidoiomia binofalis NPV at 1x10° POBs /ml was
found safe to C. carnea and C. montrouzier]. It was also
found 1o be safe to the 2" instar larvae of mulberry
silkworm.

{xiv) Evaluation of adjuvants for NPV for
management of Helicoverpa armigera in
tomato

Pot culture experiments were conducted lo study
the effect of different adjuvants such as starch and crude
sugar in different combinations on the persistence of
HaNPV tomato plants (Table 18). Starch (1%} along with
crude sugar (10%) gave a maximum mortality of 87.55
per cent on the day of commencement of the expenment
{zero day). This treatment was significantly superior to
other treatmenis on the first three days. This was loliowed
by the treatments 0.5 % starch + 10% crude sugar’ and
‘10 % crude sugar only’ where the larval mortalities were
75.00 and 73 per cent, respectively. On the fourth day
there was no significant difference in larval mortality
between the treatments.

(xv) Identification and evaluation of entomofungal
pathogens for the management of sugarcane
woolly aphid, Ceratovacuna fanigera

Pathogenicity of fungal pathogens to sugarcane
woolly aphid (SWA) and its predators

Among the isolates of M. anisoplige (Ma-1,2,3,4, 5,
8,7), B. bassiana (Bb-3, 4, Ba, 6} and V. fecani (VI-1, 2a,
3g, 5, T)tested an C. lanigera at Kanakapura, Ma-4 isolate
caused the highest mycosis (30.14%), followed by Bb-5a
{20.46%). These two isolates were also pathogenic to

av
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Table 18. Persistence of HaNPV on tomato plants when applied with different combinations of adjuvants

against Il instar larvae of H. armigera

Treatments Idean larval mortality (%)
0 Day 3 Days

0.5 % starch + 10 % crude sugar 75.00% 35.71°(66.32)
19 starch + 10 % crude sugar 87.55* 46,66°(71.55)
Only 10 % crude sugar 73.00%= 34.4884.54)
Only 0.5 % starch 62.50° 27 58°(75.13)
Only 1 % starch £9.56™ 31.03%(73.28}
Control {only virus in distilied water) 61.53 20, 68%70.58)

Figures in parentheses represent per cent original activity remaining

Dipha (2762 and 15.32%, respectively). Ma-4 isolate
caused 29.14% mycosis of Micromus. The isolates of V.
lecanii were not pathogenic to SWA, but caused 7.62-
33.48% mycosis of Micromus.

Development and field evaluation of formulations

Four formulations of Ma-4 isolate of M. anisophiag
tested on SWA at Kanakapura caused 30.14-37.4 per
cent mycosis and were stalistically on par,

Effect of serial passage of Ma-4 and Bb-5a on their
virulence fo SWA

The isolates Ma-4 and Bb-5a were passed through
C. lanigera for five generations and after each passage,
virulence of the re-isolated culture was tested on C.
lanigera. Slight increase in the per cent mycosis of C.
lanigara was observed with the re-isolated cultures after
5" passage.

(xvi) Studies on the pathogens of phytophagous
mites and assessment of their potential in
microbial control

Effect of temperature on H. thompsenii and
Hirsutella thompsonii var. synnematosa

Temperature had a significant effect on the growth
of H. thompsonii and H. thompsonif var. synnematosa.
Both did not record mycelial growth at 37°C and above,
however, when shifted to 25°C, the mycelia recovered

and recorded excellent growth compared 1o the growth
at other temperaiures (27, 35 and 36°C). Temperature
did not have any significant effect on the
micromorphology of the two fungi

Effect of different inoculum loads (OMA/ PDA
mycelial discs) on H. thompsoniiin liquid culture
(SDB)

In continuous shake culture (Sabouraud dexirose
broth (SDBJ, 150 RPM), when Oat MealAgar (OMA)
discs were used, the colony forming units (CFU), pellet
number and wet and dry weights increassd
proportionately with the number of mycelial discs per
flask. The size of the pellet, however, decreased with
increasing number of discs, The CFU obtained with &
discs was 6.4 times more than thal produced by one
disc. Similar trend was recorded with Potao Dextrose
Agar (PDA] discs.

In alternating shake-stationary culture, the number
of colonies, pellet number, wet and dry weights increased
with increase in the inoculum load (OMA and PDA discs).
However, the pellet size was maximum at an inoculum
level of 4 discs of H. thompsomi indicating that pellet
formation was affected by inoculum load

Studies on the storage of H. thompsonii and H.
thompsoniivar. synnematosa

Storage of H. thompsonil and H. thompsonii var
synnematosa pellets in sterlle water was found to be
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Table 20. Comparison of the magnetic stirrer (MS) and shake culture methods of mass production of H.

thompsonii

Plugs from/ CFU/mi Wet weight Dry weight
Medium (110 (g/100 ml) (mg/100 ml)

MS Shaker MS Shaker WS Shaker
PDAPDE 1272 B.66% 13.49° 13.455° BOB 5812
PDA/SDB 18.0% B2z 14,947 14.680° BER" B85
OMAPDE 17.33" 7ATE 14108 13.878" 8% 639
OMA/SDB 43.20¢ 10.62° e 17.230° 880F 788

Means followed by similar letters are net different significantly (P=0.01}

better under refrigerated conditions. Although the
pellets after 10 and 11 months of sforage under
room conditions showed growth, dark colouration and
reduction in fiuffiness were observed in the culiure. All
replicates were contaminated after 15 days of growth in
10-month storage and after 3 days of growth in 11-menth
storage.

Mass production technology for H. thompsonii

A simpie magnetic stirrer techrique for faster mass
production of H. thompsonii has been developed with

two media (PDB and SDB) and two different mycelial Host plant | Mean number of mites days after release
plugs (PDA and OMA). A combination of OMA plugs and 10 15 20
SDB medium r_ecorded maximum CFU numb;rs and Ty 734 33 80
wet and dry weights (Table 20} in both magnetic slirrer -
technique and shake cultures (Plate 4) . Cowpea 168 518

Okra 46.4 48.0 79.5

Plate 4: Sporulating biomass of Hirsutelfa thompsoni

Rearing of Tetranychus urticae on three different
host plant leaves

Detached leaves of tomato, cowpea and bhendi were
studied for their suitability for rearing mites, Tomato and
bhend| leaves were able to sustain the mites for about 20
days with the number of mites being the highest on bhendi
(Table 21).

Table 21. Production of T. urticae on detached
leaves of three different host plants

Effect of time of exposure on number of conidia
on adult T urticae

The number of conidia attached to the body surface
of T. urticae adults was found 1o be directly proportional to
the fime of exposuraferawling of the mites on the fungus
culture, An average of 32.10 conidia were observed
atiached to the mites after 60 minutes of crawling on the
culture
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Effect of H. thompsoniiexudates and metabolites
on T. urticae adults

Exudates of H. thompsonii (5 mi) caused maximum
mortality of T urticae adulls at 100% concentration
{77.78%) and the minimum in control {36.66%) at the
end of 7" day of incubation. The mortality decreased as
the concentration of exudates was reduced.

The metabolites from one-month-old shake
culture of H. thempsonii caused the maximum martality
when undiluted {68.89 %) at the end of 7" day, while
mortality in control was 36.66 % (Table 22}, Mortality
dacreased with the increase in dilution of the metabolites.
Similar observations were recorded with different
concentrations of melabelites from six-month-old
stationary cultures.

Tahle 22. Effect of H. thompsonii metabolites from
shake-stationary liquid culture on T.
urticae adults

Conceniration of Mortality (%) after
metabolites (%) days treatment

5 7
100 2778 68.89°
80 3222 66.67"
60 14.45 4222
40 10.00 46 67
Contral 18.89 36.66°

Means followed by similar letters are not diffarent statistically
(P=0.08).

Effect of H. thompsonii on T urticae adults

When the biomass of three-month-old stationary
liquid culture of H. thompsonii was sprayed on mite-
infested brinjal, bhendi and tomato in glasshouse,
maximum meortality of mites was observed on bhendi,
followed by brinjal and tomato.

Field evaluation of H. thompsoniiin comparison
with two other entomofungal pathogens and
chemicals

Two field experiments were conducted at
Singanallore and Vellalore in Coimbatore district of
Tamil Nadu through the Depariment of Agricultural
Entomology, Tamil Nadu Agricultural University,
Coimbatore, during September 2004 and Fabruary, 2005
to evaluate the efficacy of H. thompsonii formulation
(Mycohit) at 25 and 50 g/l; unformulated Beauveria
bassiana (1x107 conidia/ml); Metarhizium anisopliae (1x
107 conidia/ml); wetiable sulphur (3.2 g/l) and dicofol
(2.5 mll} against T. urficae on bhendi (cv. Mahyeo Mo, 10
hybnd). Per cent reduction in mites was maximum in
plants treated with Mycohit at 50g/f follpwed by B.
basstana at both locations. At Singanallore, Mycohit (50
o/ litre) at 14 days after first and second sprays reduced
the mite population by 58.09 and 45.65 %, respectively.
At Vellalore, the mite population reduction was 62.72 and
48.83 %, respectively.

{xvii) Identification of Trichodermaisolates with
enhanced biocontrol potential

Twenty T harzianumcultures from PDBC collections
and 8 cultures from other institutes were screened in
wire by dual plating againsl Sclerotivm roffsii and
Macrophomina phaseolina.  The isolates Th-15, Thi7,
Th7 and Th14 had better mycelial growth (8.39, 8.31,
8.21 and 8.02 cm colany diameter, respectively)
compared to other cultures, Per cent reduction in growth
of S rolfsiiin dual plate over control plate was higher with
Th?, Thé, Th14 and ThCPCRI. Th1s, Thi7 and Th7
among PDBC isolates and Th-Kallangai and Th-ITCC
among other isclates were found to be superior, Th P26
(from 1ISR, Calicut) and Th 7, Th § and Th 10 {from
PDBC) were more antagonistic to M. phaseofina
compared to other isolales.
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Screening for chitin utilization by T. harzianum
isolates

On solid media, all 28 tested isolates exhibited
growth on the media amended with chitin (0.2%) on par
with PDA, indicating that the isolates were capable of
utilizing chitin, However there was variability in their colony
characters.

On liguid media, Th (CPCRI) recorded highest
growth {mycelial dry weight) in PDB (0.593 g/100mi] five
days after growth in shake culture, followed by Th 8, Th
18, Th G, TH7, Th 10 and Th 14. Though the growth of
Th & was poor in PDB, its growth on collcidal chitin,
amended broth was better (0.443 o/ml). In general, growth
of fungal isolates on Golloidal Chitin Amended Medium
(CCAM) was less compared to that on PDB. On S. roffsii
cell wall - amended broth, Th P 25 was best in growth
five days after inoculation (0.433 g/ml}.

Assay of chitinases in liquid culture

Twenty-eight isolates of T harzianum were lested
for their ability to produce chitinases in liquid culture with
or without chitin amendment, The chilinase activity was
detected in P25, Thi10 and Thi4 in 8. roffsii cell wall-
amended broth and P26 and Th-10 in colloidal chitin-
amended broth, but not in PDE.
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(xviii) Efficient formulations of Trichoderma sp.
and entomofungal pathogens with prolonged
shelf life

Addition of pure chitin to formulation of T.
harzianum and T. viride

Addition of pure chitin {commercial grade) to the
tale formulations of T, harzianum and T vinde (8% moisture
level) at 0, 1, 2, 5 per cent level initially, increased the
Trichoderma population after ane month, In control where
there was no chitin addition, the population of Trichoderma
was reduced from 11.33 X 107 to 2.66 X 10°. However,
the population was net reduced up to 3 months in chitin-
amended formulation (Fig. 7a). In chitin-amended
formulations of T viride, compared to contral, there was
higher spore count. The highest number of CFUs (14.53
X 10% was recorded in 2% chitin added formulation
followed by 5% (10,33 X 10°) after 3 months of storage
(Fig. Th).

Effect of time of addition of chitin in formulation

Addition of chitin at the time of mixing the
culture with talc increased the chances of
contamination and the cfu/g reduced drastically
compared o ifs addition fo the formulation dried to B%
moisture level (Fig. 8.

T4 —
7.2
2 1157 7 . B1 month
= . i i ar
i 68 4 = é?/,f L
- 65 . = .
B 77 . = 8 @2 months
264 = Em B '/
52— b i :
6 - B | i i B3 months
58 A i heee . e + i e g
0% 1% 2%

% of chitin added

Fig. 7a. Effect of addition of pure chitin in formulation of T. harzianum (Th10).
Initial population of T harzianum: 1.4 X 107 cfurg of sample
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\E 1 month

Ha B2 months

3 g.l 3 months

_|

% of chitin added
Fig. 7h. Effect of addition of pure chitin in formulation of T. viride (Tv23).
Initial population of T wiride: 5.3 ¥ 10°ciu/g of sample

Effect of addition of colloidal chitin in media on Addition of colloidal chitin to molasses-yeast
shelf life of T. viride and T, harzianum extract medium did not reduce the GFUs of T.

harzianum while it decreased the CFUs when added fo

Addition of colleidal chitin to the formulations of Trichoderma special medium.

T viride and T. harzianum increased ther CFU count for
up to 2 months of storage (Table 23).

Log value of CFU/g

i

0% 1% 2% 5%
Y% of chitin added

m Addition while mixing the culture with talc*
E1Addition after drying the formulation ™*

Fig. 8. Effect of time of chitin addition on CFUs
* Initial population 2.2 (% 107, ** Initial population 1.4 (X 107)
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Table 23. Effect of addition of colloidal chitin {(0.2%) to production medium of Trichoderma harzianum (Th10)

on shelf life (CFU/g X 10%)

Time(months) T. harzianum T. viride

Control Chitin Control Chitin
1 3.66 5.33 14.33 2233
2 333 17.00 15.33 24.00
3 0.33 27.33

Effect of C: N ratio of the production media on
the shelf life of T. viride (Tv 23) and T harzianum
(Th-10)

Media with wide C:N ratios (15:1 and 10:1] yielded
higher CFUs and supporied the spores of both T. viride
and T. harzianum for up to four months compared to the
media with narrow C: N ratios of 1:5 and 1:1.

Effect of addition of glycerol on the shelf life of T.
harzianum (Th-10)

Addition of glycerol {3 or 6% in the production media
increased the population of T. harzianum in formulafion
ill one month and then it stabilized. For up to 3 menths,
the CFU In formulations from glycerol added cuftures
was higher compared to the control.

Effect of heat shock on shelf life

Heat shock to T harzianum atthe end of fermentafion
(just before harvest] at 40°C for 30 min increased the
initial GFU of the formulation after one month (12.0)

compared to conirol or heat shock at 40°C for one hour
{B.0).

Addition of chitin on shelf life of Beauveria
bassiana and Metarhizium anisopliae

Addition of colloidal chitin in the production media
at 0.2% (w/v) retained higher numbers of viable
propagules of B. bassiana for up to 3 months followed by
the addition of colloidal chitin at 0.5%. Similarly, addition
of colloidal chitin in production media al 0.2% or 0.3%
increased the spore production of M. anisopliae in shake
culture,

A combination of 0.2% colloidal chilin and 2% pure
chitin in production medium increased the initial
population of 8. bassiana and M. amsoptiae in both shake
and stationary cultures compared {o their individual
addition (Table 24).

Addition of polyethylene glycol PEG 6000, to the
production medium of B. bassiana at 1-5% coneentration
resulted in reduced sporulation of B. bassiana at

Table 24, Effect of addition of colloidal ¢hitin and pure chitin on the shelf life of B. bassiana and M. anisopliae

Treatment B. bassiana (CFUfg x 10°) M. anisopliae (CFU/g x 10%)
Shake Stationary Shake Stationary

0.2% Colividal chitin in medium 73.0 1.0 100.0 15

2.0% chitin in formulation 63.0 6.3 26.5 10,5

0.2 % Colloidal chitin in medium +

2.0 % chitin in formutation 76.0 12.0 107.0 135

Control 50.5 79 25,5 a5
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production stage itself in both shake and stationary
cultures.

(xix) Mass Production, Formulation and Field
Testing of entomopathogenic nematodes
(EPNs) againstimportant lepidopteran pests

In vivo mass production of Steinernema
carpocapsae and Heterorhabditis indica _

A positive correlation was observed between the
dosage of S. carpocapsae and H. indica and mortality of
G. mellonefia and a negative correlation betweep the
dosage and the time of mortality. The optimurm dosage
level differed for H. indica and 8. caipocapsae.

Maximum progeny production was observed at the
highest dosage of 1000 ljs/larva followed by 300 (js/lana
and the emergence was completed in four days after
placing on white trap for harvesting. Js emerged earlier
(6-10 days after infection) in §. carpocapsae compared
to H. indica {10-12 days) (Table 25),

Bioefficacy

The median lethal concentration {LC_) of 5.
carpocapsae at 48h post-exposure was 29 |js (Y=-6.12 +
418%), 4915 (Y=-14+087 X}.991js (Y =-374+ 187
X) and 147 ljsflarva (Y = -6.81 + 3.14 X) for final instar
larvae of G. meflonella, Pxylostella, S. fitura and H.
armigera, respectively.

Persistence of EPN in open and shaded conditions

When native isolates of 5. carpocapsae, S. abbasi,

Table 25. Progeny production of S. carpocapsae as
influenced by initial inoculum level in G.
mellonella larvae

Dosage Final yield in lakhs
(lis/larva) (lJsflarva)
S. carpocapsae H. indica

10 - 180095
40 1,57,600 220257
80 1,711,200 188714
300 2,058,200 B47285
1000 2,458,000 195771

H. indica and H. bacteriophora were artificially inoculated
int the soil under open and shaded conditions at PDBC,
all the isolates persisted for longer periods under covered
conditions. Stelnernema spp. persisied betier under both
conditions and the maximum was found o be 80 and 75
days and 75 and 60 days in shaded and open condifions
far Steinernema spp. and Heterorhabditts spp..
respectively (Fig. 3).

Formulation, storage and bulk transport

A new formulation using diatomaceous earth
and talc was tested for S carpocapsae and H. indica
and found suitable for nematode formulation and
application.

Talc-based formulations of nematode isclates were
found effective against the larvaa of G. meflonelia after

days

Opan

Caverad

IE S. abbasi E1S. carpocapsae BIH. indica G H. bacteriophora |

Fig. 9. Persistence of nematode isolates in open and shaded conditions
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10 days of transport, Stefermema carpocapsae and S.
abbasi caused 100% mertality of G. mellonella larvae
after 48 h, whereas H. indica and H. bacteriophora
caused the same mortality in 96 h. The progeny
praduction (infective juveniles/dead cadaver) was 5.63
lakhs in H. bacteniophora. followed by H. indica (5.45
lakhs), 5. abbasi (4.16 lakhs) and §. carpocapsae (3.64
lakhs).

Field efficacy of talc formulations against white
grubs on turf in Srinagar

Field efficacy of talc-based formulations of 5.
carpocapsae, S. abbasi, H. bacteriophora and H. indica
against white grubs inturfgrass was evaluated at Srinagar.
All the species tested significantly reduced the grub
population in 30 days after application. However,
Steingrnema spp. were more effective compared to
Haterorhabditis spp. The highest mortality (42.0%) was
racorded with S. abbas, followed by 5. carpocapsae
(38.4%),

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

Field surveys for antagonistic agents against plant
parasitic nematodes

Pochonia chiamydosporia (PDEC PC59} was
isolated from the soil samples fram reniform nematode-
infested fields in Yelahanka (Bangalore] and
Doddaballapura. The genomic DNA of this native isolate
was extracted and processed by PCR for beta-tubulin
gene. The amplicons at 270 bp from 1% agarose gels
were used for gene seguencing and the sequence was
matched with that of our previous isolates in collection
and on NCBI Genbank (BLAST).

Evaluation of formulations of Paceilomyces
lilacinus against reniform and root-knot nematodes
in chickpea and eggplant under glasshouse
conditions

Under glasshouse conditions, application of
talc formulation of B lilacinus at dg (10° sporesdg) per
2kg soil resulted in 52% infeclion of egy masses
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of reniform nematodes in chickpea, and a reduction of
46% of nematode populations in soil and 44% in roots
of chickpea, In case of eggplants inoculated with rool-
knot nematodes, although there was 72% egg mass
infection by P, filacinus, root infection by nematodes was
as high as 60% and reduction in root-gall formation was
34%.

Evaluation of formulations of P. lilacinus and P
chlamydosporia against golden cyst nematodes
in potato (Multilocation trial, CPRS, Ooty)

In trials in potato cyst nematode-infested fields of
CPRS, Qoty (Plate &), incarporation of tale formulation of
P lifacinus ar P chlamydosporia at 30 kgha and their
combinations with carbofuran (2kg a.l/ha) resulted in
20-30 % reduction of cyst nematode infection in roots,
38-54% infection of cysts (Plate 6) and reduced the

Plate 5 : Biological control of potato cyst nematodes
using tale formulation of Pochonia chlamydosporia
and Paecilomyces lilacinus under AICRP-field tria
at CPRS, Qoty

F e

Plate 6 : Parasitised cysts of golden nematodes
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Fig. 10. Effect of talc formulations of £ filacinus and P chlamydosporia on
growth and yield of potato cyst nematodes under field conditions

nematode population by 8-10% in soil at the end of the
season (Fig. 10). There was a 40-70 per cent incraase in
marketable yield in treated plots over untreated plots
(Plate 7).

Plate 7: Potatoes free of cyst nematodes in treated plots.

Biological control of Fusarium-root-knot nematade
complex in brinjal

Incorporation of P. filacinus first, followed by T
harzianum 10 days later, to the naturally nematode and
Fusarium-sick soil in pots and then transplanting the
brinjal seedlings reduced the incidence of wilt in brinjal
by 70% and their combined incorporation reduced the
wilt incidence by 50%.

Rhizospheric competence of P, lilacinus isolates
on tomato under pot conditions against reniform
and root-knot nematodes

Rhizospheric competence of three isalates of P
lilacirus (PDBC PL5S, PLE6, PL57) against root-knot and
reniform nematodes on tomate under glasshouse
conditions was studied. During the first 45 days of pot
studies, P. fifacinus survived better in autoclaved soil
amended with 500 cc of FYM {organic manure) than in
non-autoclaved soil amended with organic manure.
PDBC PL55 exhibited higher amount of root colonization
although the infection of egg masses of reniform and
root-knot nematodes was more or less similar in
autoclaved and un-autoclaved soil.

Influence of plant root pattern on nematode
infection and behaviour of bioagents

Plant root patiern and volume exhibited a direst
relationship with the establishment of P Jilacinus and P
chlamydosporia in tomato, brinjal and cotton
rhizospheres under pot conditions. The higher the root
density and volume, the higher was the root-knot
nematede infection, eqg masses and the fungal
parasitization of the egg masses. Brinjal exhibited higher
root volume and root hair, followed by tomato and cotton
at 45 days in 9° earthen pots.
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Table 26. Effect of talc formulation of P fifacinus (PL) in combination with organic amendments against root-

knot nematode in tomato

Treatments Plant Root-knot nematode
RKI Healthy root | Egy mass parasitized Increase/ Reduction in
{0-5 scale) %) (%) nematode populations (%)

PLintal 3.8 414 28 (-} 18
Famcompost 38 32t 1228 -] 6
Pelletised organic manure 4.0 Kii B (+) 10
heem cake gen ar K (- 12
Vermicompost a8 36 g [-) 14
PL+ Farm compost 3.k 49= 34 [-) 35
PL+Pelletised crganic manure 3440 48 26° {-) 29
PL + Neem cake 2.8 a4 2% {-) 40
PL+ Vermicornpost 28 54! 38 1) 42
Unireated check 41 Per 3¢ i+ 94

Means followed by similar letters are not different statistically (P=0.05).

Field evaluation of tale formulation of P lilacinus
in combination with commercial and local organic
amendments against rooi-knot nematode in
tomato

Microplo! experiments were carried out in rool-
knot nematode infested farmer’s field to evaluate
the combinations of talc formulation of £ filacinus
and organic amendments, viz., farm compost,
pellatized organic manure, vermicompost and neem
cake {300Kg/acre or 750Kg/ha) with respective
checks on tomato (Cv. Avinash). Egg mass parasitization
and reduction in nematode populations were highest
in PL + vermicomposi, followed by PL + neem cake,
farm compost and pelletized organic manure
(Tabie 286).

Root-knot nematode management in carnations
in polyhouses

An experiment was carried out on roaf-knot
nematode infested camation in a commercial polyhouse
using Dazomet as pre-plant soil sterilant (25 g/m?);

anlagonistic fungus, Pochonia chlamydosporia (2x10°
sporesim?); neem cake (1.0 kg/ m and their
combinations. A combination of Dazomet followed by soil
amendment with P chlamydosporia and neem cake
recorded maximum healthy roots (98%) and flower
yield (29.6%) and plant recovery (6% mortality)
compared to other combinations (Table 27). The fungus
esiablished better in Dazomel-treated and neem
cake-amended beds. Dazomel reduced not only
nematode populations but also other soil-borne
pathogens, thus reducing the competition from native soil
flara and fauna.

Studies on Fusarium-root-knot nematode disease
complex in tomato under glasshouse conditions

Glasshouse studies were carried oul on tomato in
two sels of 8' earthen pots, one set containing autoclaved
soil and another inoculated with M. incegrita (MI) juveniles
(@ 2000 fjs), to study the affect of integration of £ Wacinus
(PLYand T harzianum (TH) an the nematode-wilt disease
complex and the plant.
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Table 27, Effect of treatments on root galls, healthy roots and plant mortality at different stages of crop
growth in carnation (one year post treatments)

Treatment Root gall index Nematede Healthy Plant mertality | Per cent increase

(RGI)0-5 scale) |multiplication rate | roots (%) in flower yield/
(NMR) (%) bed over control

Dazomet 0.5 (.4° 4.0 140" 175

Meern cake +

P chiamydosporia 1.0¢ 1.0 48.00 2210r 16.0

Daromet+

P chiamydosporia 1.0r 0.2 84.0r 24 230

Dazomet + neam cake + )

F chlamydosporta 0.2 0.0 98.0¢ 6.0 296

Control 34 24 32.00 44,07

Means followed by similar letters are not different statistically | P=0.05).

Table 28. Progress of Fusarium wilt in tomato in the presence of M. incognita (MI) bioagents and neem cake

combinations

Treatment Dose/plant Wiltindex at weekly interval 15 days after transplantation
1 2 3 4 § 6 7 8

M. incogrita 20004, 0 0 0 0 0 LV IV

Fusarium 5y PDA {1.2x10° sporesdg) 0 0 + | -

M+ Fusarium 2000, 1] + + H+ | o= -

Ml + Fusarium + PL 20 PDA (2.3x10% spores) 0 0 0 + + o | =

M+ Fusariurm + TH 2g PDA (2.8¢10"spores/g) 0 0 0 + + + |

M1+ Fusarium + neem cake B.8%10"pores 0 + + =+ |

I+ Fusarium + PL+ Neem cake 20g 4 0 0 ] 0 S T

M1+ Fusarium + TH+ Neem cake Ve dose each a 0 il ] + + + | O

M1+ Fusarium PL+ TH+ Neemcake | 12 dose each 0 Q 0 0 0 0 + | @

Wikt Index : (0} - No wilting; (+) - wilting of young leaves; (++) - wilting of whole glant: {-) - Dead plant

PL and TH individually checked Fusasium wilt in
tomato in the presence of M. incognita far 7 weeks but
plant mortality occurred due to wilt after 7 weeks (Table
28). A combination of PL+TH+ neem cake completely
checked wilt and 80% plants were free from wilt. Tomato
rootcolonization and egg mass parasitization were highest
with TH + PL+ neem cake,

(i) Software development

A software on biclogical control meagures for major
pests of sugarcang has been prepared and is available
on CO-ROM.

In the National Information System on Bialogical
Suppression of Crop Pests under preparation, information
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on 35 crops, their important pests and natural enemies 43}, Pseudomonas fluorescens (PBAP-27) and
has been included. T harzianum (PBAT-43) + P fluorescens (PBAP-27) and
seed biopriming significantly increased, plant stand as
compared to control and mancozeb was equally effective.
Foliar application of only PBAP-27 significantly reduced

BIOLOGICAL CONTROL OF PLANT DISE ASES rust incidence over control. In other treatments, difference

USING ANTAGONISTIC ORGANISMS with control was not significant. All the treatmenis
significantly increased yleld over contral, the mixed

() Evaluation of seed biopriming with  formulation being the most effective (Table 29)
Trichoderma  harzianum (TH) and
Pseudomonas fluorescens (PsF) and TH
enriched FYM technologies

A database on migrobial biocontral agents is under
construction.

In arganically grown pea, biopriming of pea seeds
with bioagents improved the seedling stand signiticantly
over control and PBAT 43 + PBAP 27 was most effactive.
GBPUA & T Foliar application of bioagents significantly reduced
Effect of seed biopriming and sprays with powdery mildew, however, effest on rust was not
biocontrol agents on disease incidence and yield  significant. Application of PBAP 27 + PBAT 43 through
of organically grown lentil seed and foliar spray was most effective in increasing the

yield of organically grown pea (Table 30).
Foliat application of Trichoderma harzianum (PBAT-

Table 29. Effect of seed biopriming and foliar application of different biocontrol agents on rust and yield of
organically grown lentil

Treatments Seedlings/m* | Rust intensity (%)| Grain yield (kg/ha)
Seed bicpriming + PBAT 43 spray 532 28 BE6
Seed bioprming + PBAP 27 spray 548 2 861
Seed bioprming + PBAT 43 spray + PBAP 27 spray 545 28 288
Seed treatment{82.5g'ha) + 4 sprays ( @2 5g1) mancozeb 53 a0 861
Control 445 33 a02
CD (P=0.05) &1 8 57

Table 30. Effect of different biocontrol agents applied through seed, FYM and/for foliar application on foliar
diseases and yield of pea

Treatments Seedling stand| Powdery mildew | Rust Intensity| Grain yield
(m?) incidence (%) (%) (kg/ha)

Seed biopriming with PBAT 434

Sprays with PBAP 27 (with non-colonized FY ) 56 13 29 355

FYMcolonized with PBAT 43+ Sprays with PBAP 27 63 16 33 352

Seed biopriming + Colonized FYM+ Sprays with PBA-3 69 12 30 388

Control 52 3 37 301

CD (P=0.05) f 10 8 53
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Table 31. Evaluation of seed biopriming with T. harzianum (TH) and P, fluorescens (PsF) and TH enriched
FYM technologies at PAU, Ludhiana on chickpea

50

Treatment Per cent seed germination December April
10 days after sowing 2004 2005
Sead treatment with TH B17 39.30 398927
Sead treatment with PsF 91.7 44,85 ar.1a"
Seed biopriming with TH 8349 4377 3235
Sead biepriming with PsF 204 40.80 28.62°
TH 2nriched FYM B85 4387 3280
Seed biopriming with PsF + TH eniched FYM BO.9 41.95 3255
Seed freatment with mancozeb (0.3%) 83.7 38.15 2917
Contrel B9.7 45.05 35,12
D (P=0.08) NS [0.52)

Means followed by similar letters are not different statistically (P=0.05).

‘Based on three blocks/replication

Table 32, Evaluation of Trichoderma spp. against soil borne diseases in chickpea at PAU, Ludhiana, during

2004-05

Treatments Per cent germination | Initial plant stand/| Final plant stand per
10 days after sowing m* m

Sead treatment with Trichodenma spp. @ 4g/kg seed M2 5595 40.47¢

Biopriming seeds with Trichoderma B30 50.45 3R.30¢

Trichogerma ennched FYM (100kg/plot) 845 5147 39,57

Seed treatment with maricozet 876 5322 38054

Contrel 848 51.47 N3

Means followed by similar letters are not different statistically (P=0L05)

*Based on three blocks/replication
PAU, Ludhiana

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

At PAU, Ludhiana, population per seed at0 hand 48
h after biopriming was 2.45 x107 and 3.75 x107,
respectively, in case of T harzianum and 2.59 x107 and

2.75 x 107, respectively, in case of P, fluorescens. There
was no significant difference in plant population during
December-March in different treatments (Table 31),
However, during April, lowest population (28.52 per m?)
was observed in seed biopriming with PsF and il was
significantly lower than seed treatmeni with TH, PsF and
control. There was no significant difference in number
of H. armigera larvae and the pod infestation amaong
different treatments, The total number of pods in different
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treatments was higher than that in control, but the
differences were not significant. The grain yield in all the
treatments was significantly higher than that in control.
The highest yield {11.35 a/ha) was given by seed
biopriming with PsF +TH enriched FYM and it was
significanily better than all other treatments.

(i) Evaluation of Trichoderma spp. against soil
borne diseases in chickpea (PAU)

AtPAU, Ludhiana, the germination in seed treatment
with Trichoderma spp. was higher (31.2 per cent) as
compared to other treatments {Table 32). There was no
significant difference in initial plant stand in different
treatments, The final plant stand in all treatments was
significantly higher than in control. The incidence of will
was in general low and significantly fower in all the
treatments ((0.11 to 0.18%) than control (2.36 per cent).
The incidence of H. armigera in pods was not significant
in different treatments. The number of pods in seed
treatment with Trichoderma (572.5} and Trichoderma
enriched FYM (575.75) was higher than in all other

Table 33. Effect of foliar application of different
biocontrol agents on brown spot intensity

and yield of organically cultivated .

scented rice cv. Kalanamak 3119

Treatments Brown spot Grain yield
intensity (g/ha)
PBAT 43 417 330
PBAP27 224 354
PBAT 43 + PBAP 27 28.2 438
IMancozeb 56.0 287
Control 913 224
CD (P=0.05) 1.8 6.3

Annual Report
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freatments, bul the differences were not significant. The
differences in grain yield between the treatments were
not significant.

(iliy Management of foliar diseases using
Trichoderma harzianum and/or
Pseudomonas fluorescens

GBPUA&T, Pantnagar

Foliar application of all biccontrol agenis
significantly reduced the brown spot incidence and
increased the yield of scented rice ov. Kalanamak 3119
under arganic culfivation (Table 33). PBAP 27 and PBAP
27 + PBAT 43 were more effective.

PAU, Ludhiana

In a field trial on the management of foliar diseases
of rice using Trichoderma harzianum and Psf at village
Uggi(Distt. Jalandhar), atier one week of spray the severity
of the disease was non-significant. However, after 15 and
21 days of spray, allthe treatments were betterthan conirol.
The lowest severity of infection was recorded with PsF,
which was on par with mancozeb 0.3%, The yield was
not significantly different.

(iv) Shelf-lite of Trichoderma andfor
Pseudomonas farmulations with different
moisture levels (PDBC)

In talg formulations, al 15% moisture level, T
harzianum propagules were viable (7.5X10%iu/g) even
after storage for 180 days ai room temperaiure (17-37°C).
In sorghum grain flour fermulations. na significant
differences were chserved in the populations of the viable
propagules (1.8X107 to 5.32X10% when stored at room
temperature for 180 days and 5,8,10,15% moisture levels.
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BIOLOGICAL SUPPRESSION OF SUGARCANE
PESTS

A. Studies on sugarcane woolly aphid,
Ceratovacuna lanigera

(i) Survey for sugarcane woolly aphid (SWA) and
its natural enemies

ISR, Lucknow

Surveys were conducted in nine locations In
Saharanpur, Haridwar and Muzaffarnagar areas of Uttar
Pradesh. Ratoon crops of CoS88230 and CoS767 were
found moderately affected by sugarcane wooly aphid
during July-Cctober, 2004 In a few villages of Saharanpur
district and the predator, Dipha aphidivora was also
aclive. In Haridwar and Muzaffarnagar, moderats to severe
infestation was seen mastly in ratoon crop in varieties
CoPt 84212, CoS767, CaB8432, CoS 95255 and Cod 64
with low populations of D. aphidivora. In a few places,
Eupeodes confrater, chrysopids, coccinellids and spiders
were also found feeding on SWA,

SBI, Coimbatore

The survey conducted during November 04 -
March 05 at monthly intervals in a single field af
Coimbatore revealed that the mean aphid rating reached
a peak in January 2005 (Table 34) and decreased fo a
low level in March 2006. Predation by Dipha, Micromus
and syrphids was recorded,

College of Agriculture (MPKV), Pune

Survey for SWA and ifs natural enemies was carried
out In July and September, 2004 in piain and scareity
zones, and in November-December, 2004 in submontane
zone, Western Ghat zone, western Maharashira plain
Zone, scarcity zone and central Maharashtra plateau
zone. The incidence of SWA was noticed on 6 to 10
months old crop in Pune and Nasik districts from first
week of July, 2004 and in Satara and Ahmednagar districls
during September, 2004. Micromus spp. (2-25 grubs/leaf

-in July, 2004} and D. aphidivora (1-2 larvae! leaf in

September, 2004) were observed in Pune and
Ahmednagar districts. During November-December,
2004, 10-75 % SWA Infestation was noticed, with an
intensity rating of 1.0-3.4. Micromus sp. (1-3 grubs | leaf)
was noticed on 3-4 month-old crop, whereas D.
aphidivora (2-7 larvae / leaf) was recorded on 8 to 12-
month-old crop at most of the Ipcations surveyed,

The aphid colonies along with the larvae of O,
aphidivora were also noticed on the leaves of wild
sorghum (Sorghum halepense) and wild maize Cotx
lacryma), which were present inside the sugarcane fields
at Pawananagar, Tal- Mawal, Dist-Pune in the last week
of October, 2004,

AAU, Jorhat

Surveys were cartied out in the district of Golaghat,
Nagaon, Darrang and Senitour. In Golaghat district, the
pest was first observed in the Il fortnight of Jure (35.4/3
5q. 6m.). The number of SWA in 3 cm?/leaf was maximurm

Table 34. Seasonal fluctuations of SWA and its predators on sugarcane at Coimbatore

Monthiyear ean aphid rating Per cent leaves colonized by predators
Dipha Micromus Syrphid

November 2004 2.35

December 2004 215 80.2 = 820

January 2005 347 573 - 867

Fabruary 2005 1.69 256

March 2005 f.49 271 243
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Table 35, Population of sugarcane weoly aphid and Dipha aphidivora at Jorhat

Months Mean number Mean no. of Temperature °C) Total
of woolly aphid/ | D. aphidivora/ rainfall
2.5m* leaf {mm)
Iiax Win.
June 2004 354 44 na 24.9 2116
July 47.2 88 301 247 295.5
August 459 2.0 323 254 2810
September 304 3.1 303 24.4 208.2
October 63.2 1.8 28.7 211 1469
Movember 1194 5.4 271 15.6 /T
Deacamber 355 36 244 1.8 125
January 2005 206 0 214 104 78.8
Febiruary 8.5 il 241 133 81.8
Correlation of pest& (1) for SWA (.2397 0.1034 - 0.1493
pradator population {r) for D.
with weather parameters | aphidivora 0.7655" 0.7595" Q6171

(119.4) in Movember 2004 and minimum (8.5) in February
2005, Dipha aphidivora was observed in maximum
numbers (11.8/leaf) in October 2004 and was
not recorded after January {Table 35). The coccinallid,
Micraspis sp. was also found to be associated with
SWA. In Darrang and Sonitpur districts during October
2004, the average number of woolly aphids varied
from 20 to 30/3 sq. ¢m, whereas D, aphidivora varied
from 2.8 to 3.4/leaf. The population of D. aphidivora
showed a significant positive correlation with
temperature.

The parasitoid, Encarsia Havoscutefium, was first
recorded on 19" December 2004 in ICR Farm, AAL,
Jorhat. In subsequent weekly observations on this
parasitold till the end of February 2005, the maximum
average number was recorded in January (159.0} and
February (130.0eaf}

ANGRAU, Hyderabad

Incidence of SWA and its natural enemies was
recorded in four agroclimatic zones of Andhra Pradesh.
In the southem Telangana zone, Dipha was observed

only from November 2004-January 2005 (1-5/25 plants),
while pest Incidence was recorded during July-August
and Movember 2004-January 2005. In the northern
Telangana zone. coccineliids and syrphids were noticed
inafew spots and the pest intensity ranged from 210 8. In
the Krishna-Godavari zone. the pestintensity ranged from
1-3 and only coccinellids and syrphids were noticed in a
few spots

Surveys indicated two peaks of papulations, the first
during June-August and the second during November-
January. The natural enemies consisted mainly of I
aphidivora and coccinellids and syrphids in certain
places. Micremus incidence was noticed in certain
pockets of southern Telangana zone.

PAU, Ludhiana

The SWA was not recorded in any of the surveys
carried out at Befiramn (Distl. Mawanshehar), Jandiala
(Jalandhar District) and various sugar mil areas.

TNAU, Coimbatore

The ingidence of the aphid was initially noticed in
Vellore District of Tamil Nadu during May 2004. Surveys
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in different districts during 26-30 Ociober 2004 indicated
the prevalence of the aphid in most of the agroecological
zones of Tamil Nadu except parts of the southern and
high rainfall zones. The infestation on clump basis ranged
from 20 o 100% and the intensity ranged from 1 fo 5.
Dipha aphidivara, Micromus sp. and syrphids were
recorded in the aphid-infested tracts during October-
Noverber 2004.

In Telungupalayam village, Ceimbatore district,
ohservations during September 2004-March 2005 on
planted cane {5-month-old) showed that the mean
intensity of infestation was initially 178 and reached 4.73
during March. The mean number of predators recorded/
leaf aver the period was in the order 0. aphidivora (1.83)
= syrphids {1.35) > M igorotus {0.4).

(i) Evaluation of potential natural enemies of
sugarcane woolly aphid

a. Dipha aphidivora
ANGRAU, Hyderabad

Three situations, viz., initial infestation of SWA and
Dipha, . Initial infestation of SWA and no Dipha and IIl.
Initial infestation of SWA without Dipfa + Inoculative
releases of Dipha (@100 larvae from other experimental
plots) were assessed,

The aphid population/cm? ranged from 39.4 to 53.9
in pre-count in S, 46,2-69.0 in Sil and 49.4-89.4 in SIII.
The population of SWA decreased in 51 (20.0 to 40.6) &
SHI| (41.4 fo 63.8) seven days after first release. Thers
was not much difference in pre- and post-counts in Sil.
Similar trends were noticed in the population levels of
SWA after 2" release of Dipha also. The population of
SWA was least when Dipha was released the second
time (21.0). It is apparent that Dipha either occurring
naturally or on its release was capable of suppressing
the aphid population

TNAU, Coimbatore
In Coimbatare, Dipha callected locally from infested

fields during December was released In a field without
Dipha (two releases @ 400/reatment at 10 days intervall.

This accretive release of Dipha was effective in the
management of the aphid.

b. Micromus igorotus
UAS, Dharwad

The impact of M. igorotus releases at different
intensities of SWA was sludied in the field at five locations
with the following sftuations:

1: High incidence of SWA without I, igorotus(Sl}; 2
initial incidence of SWA without M. igorotus (Sl1), 3. high
incidence of SWA with M. igoretus (SIII}, 4, Initial
incidence of SWA with (SIV) two releases @100 pupael
ha, 5. high incidence of SWA without M. igorolus SV},
chemical spray {chiorpyriphos @ 2 mlfl). Observations
on initial population of SWA and the predators (M. igorotus
and D. aphidivora) or 15, 30 and 45 days after release
were made.

The data revealed that either natural colonization or
artificial releases of M. igorotus could reduce the
population of the SWA very significantly. Chlorpyriphos
controlled the aphids initially, but it destrayed the
predators and 45 days after treatment, the aphid
population reestablished (Table 36).

(iii) Methods of mass production of Dipha and
Micromus

College of Agriculture (MPKY), Pune

Shade nets of 40 and 50% mesh were used by
praparing temporary structures with bambog frame. The
crop (Co 86032) (5, 6, 7 and & months old) was coverad
with shade net at the first appearance of SWA. Thereater,
inoculative release of D. aphidivora @ 100 larvae was
made in each shade net on sugarcane leaves covered
with SWA to an extent of 75%.

The covering of 7-month-old sugarcane crop with
50% shade nel resulted in enhanced growth of the SWA
and yislded 2700 larvae o pupae of D. aphidivora within
two months (Table 37}, Mass rearing of D. aphidivora in
50% shade net was more efficient than 40% shade nel
conditions; The cost of one shade net (5 x 5 m} was
Rs.3000/-.
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IV} BI0-INtensive pestmanagement practices tor
sugarcane scales

Regional Station (CCSHAU), Karnal

The experiment was laid out in 0.2 ha field planted
with cultivar Go 7717 in scale endemic area of Co-
operative Sugar Mills, Palwal, Faridabad district. The IPM
madule comprising of use of healthy seed, dipping of
seed selts in malathion 0.075%, detrashing of dried leaves
and release of coccinellids, Chilpcorus nignita and
Pharoscymnus horni (@ 2000 adults/ha three times
during September-Oclober) was compared with farmers’
practice and an untreated check. The farmers’ practice
included seed and sett freatment with chlorpyriphos @
1.25 kg a.i./ha for control of top shoot borerin first week of
July. The incidence and intensity of scale was measured
from September 2004 fo February 2005. The scale
incidence rose from zero (at the time of sowing) to a
maximum of 28 per cent in untreated check during
September aiter one month of stripping of lower leaves
and just before the first release of C. nigritaand P hori.
In IPM module and the farmers’ practice plols, the
incidence at this interval was 17.3 and 23.4 per cent,
respectively. After the second release of the predators,
the IPM plot recorded the lowest incidence and intensity
of the scale. At harvest, the [PM plot recorded 21.6 and
29.3 per cent less scale incidence and intensity than the
untreated check. However, the infestation in farmers'
practice plot was not much different from untreated check
at the time of harvest.

(v} Field evaluation of Trichogramma chilonis
against Chilo fumidicostalis/ C. infuscatelius

AAU, Jorhat

Trichogramma chilonis was field evaluated against
Chilo fumidicastalis at the Sugarcane Research Station,
Buralikson, on var, Dhansiri (CoBLN 9605). Nine releases
of T chilonis were made at 50,000/ha/release at 10 days
interval, the first release at 55 days after planting. Post-
release observations indicated that T. chilonis had a good
impact in reducing the borer population with the mean
incidence of C. fumidicostalis in the released plot being
13.3 % as against 18.2 % in the farmers" plot and

parasifism being 36.2 % in the Trchogramma-released
plot against 13.8 % in the farmers' practice plot. The
released plot registered a higher vield (80 tha) than the
farmers' practice plot (57 tha),

PAU, Ludhiana

Trichogramma chilonis was evaluated against the
early shoot borer, C. infuscateflus on variety COJ 64, The
parasitoid was released eight times at 10 days interval
during mid-April to end-Jure @ 50,000/ha. In the
chemical centrol plot, Sevidol 4.4G (carbaryl+BHC) was
applied @ 18.75 kg/ha at planting. The incidence of early
shaot borer in control (12.60%) was significantly higher
than that in the Trichogramma released field (8%) and
chemical control {5.76%) fields, the reduction in damage
over control being 52.38 and 53.52 per cent, respectively.
The yield in released field {602.3 g/ha} was on par with
chemicat control (604.5 glha), both being significantly
higher than control (540.7 g/ha).

The ralease of high temperature-olerant strain of T,
chilonis developed by PDBC was compared with the local
strain of T. chilonis, chemical control and untreated
conirol for managing the early shoot borer. Both strains
ware released 8 times, during mid-April-June, at 10 days
interval @ 50,000/ha, In chemical centrol, cartap
hydrachloride (Padan 4G) was applied @ 25 kg/ha, after
45 days of planting.

The pest incidence in contral was significantly
higher than all ather treaiments (13.48 %), while the
treatment with high temperature-tolerant strain of T,
chilanis (6.12%) was on par with chemical control
{6.08%) and local strain (6.68%) treatments. The yield in
all the treatments (612-617g/ha) was significantly higher
than control (515.0g/ha)

{vi) Field evaluation of Trichogrammia japonicum
against Scirpophaga excerptalis

ISR, Lucknow

Field evaluation of high lemperature-tolerant strain
of Trichogramma japonicum and the pupal parasitaid,
Tetrastichus howardi against top borer, Scirpophaga
excerplalis, was carried out at [1SR farm (var. CoLk 8102)
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against sugarcane top borer, Scirpophaga excerptalis

Traatment Incidence of 1ap borer (%) inbrood Cangyleid|tha)
Il 111 v v
T japonicum (T)) 1181 16.84" 7.46® 13.05" 52,940
Tetrastichus howardi(Th) 13.13 20.37¢ 6.26° 1275 5307
Ti+Th 1131 19.83¢ 5780 10.12¢ 54.16%
Carbofuran 3G 1365 12,77 £.22° 11.04¢ 60.82°
Gontrol 14.93 22.23 .63 13.70¢ wrr
MMeans followed by the same |etters are not different statistically (P=0.05)by L. 5. D
Table 39. Field evaluation of Trichogramma japonicum against Scirpophaga excerptalis
Treatmenl Incidence of S. excerptalisPost release | Par cent parasitism Yield (gha)
T, japonicum @50,000/Ma {5 releases) 7.52° 19.35 740.5°
Phorate 10G @30kgfha 7.28° 3.60 743.3°
Control 1572 4.80 620.6°

Means followed by the same letters are notdifferent statistically (P=0.05)

Trichogramma japonicum was released @ 100000 adults
fha at weekly interval (at start of egg laying in each brood
i.e. 3 releases in each brood) and T. howardi @
5,000adults’ha once al pupal stage in each brood and
Furadan 3G @ 1kg.a.iha was applied against |l brood
of top borer only in synchronization with pest activity (last
week of June).

The incidence of the top borer (|| brood) in the
treatment ranged from 11.3 to 14.9%, which was on par
with control (Table 38). The incidence of Il brood ranged
from 12.8 to 22.2%. The suppressive role of bicagents
was significant in [V and V brood. Significantly higher
cane yield was obtained in bicagent & chemical
treatments in comparison fo control. Only T japenicum
could be recovered from released plots.

ania

Trichogramma japonicum was evaluated against 5.
excerptalis and the results were compared with chemical
control and untreated contrel. The parasitoid was

released 6 fimes at 10 days interval during May-June @
50,000/ha. In chemical control, phorate (Thimet 10G) @
30kgiha was applied during last week of June.

The incidence of top berer in control (15.72%) was
significanily higher than in parasitoid released {7.52) and
chemical contral {7.28) plots (Table 39). The yield in
control (620.6g/ha) was significantly lower than in
released fields (740.5q/ha) and chemical control (743.3g/
ha).

(vii) Efficacy of EPN (Heterorhabditis indical in
controlling white arub in sugarcane

Regional Centre (CCSHAU), Karnal

Heterorhabditis indica @ 0.5, 1.0, 1.5 and 2.0 billion
|Js per ha was applied along the furrows coinciding with
the first instar of the grub. The standard recommended
insecticide Phorate @ 2 kg a.l. per ha was used for
comparison.

The pre-treatment mean population of grubs per
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meter row length ranged from 0.69 to 1.2. At 30 days after
application, H. indica treated plots recorded a mean
number of (.3 to 1.33 grubs in a meter row length, the
valug being minimum in the plet receiving the highest
number of infective juveniles. The grubs infected with
EPN increased from 4.7 % to 15.9 % as the dosage
increased. The insecticide-treated plot registered 63.7
per cent reduction in infestation.

BIOLOGICAL CONTROL OF COTTON PESTS

(i) Biointensive Pest Management (BIPM) for Bt
Cottun

Four modules, viz,, Bf cotton+BIPM, non-B+BIPM,
Bt cotton+farmers' practice and non-Bt cotton+farmers’
practice, were evaluated in the field in ANGRAU, TNAU,
GAU, and PAU.

ANGRAU, Hyderabad

The sucking pest population was in general higher
on Bt cotton grown under BIPM. Square and boll damage
was less in Bt cotton+BIPM and highest in non-5t
cotton+farmers' practices. The sguare damage was
8.01% in Bt cotton+BIPM, while it was 39.83 % in non-Bt
cotton+farmers' practice. Least boll damage of 7.01 per
cent was recorded in B cotion + BIPM package. However,
boll damage was 9.89 per ceni in Bt cotton+farmers’
practice. Non-Bt cotton+BIPM registered 35.72 %
damage. Non-Bf cotton+farmers' practice recorded
maximum damage (42.01%)

Eqg parasiiism was 8.9 percent in Bfcotion + BIPM
package and 3.2 per cent in non-8t cotton with BIPM
package. The parasitization was, however, found to be
less in poth Bt cotion and non-8f cotton grawn under
Farmer's practice. Non B! cotton with BIPM module
recorded mere number of coccinellid predators {3278/
50 plants) while in Bf cotton with BIPM, it was 8.17/50
plants. In Farmer's practice module, both 8t and non-Bt
vaneties racorded negligible number of coccinellid
bestles. Spider fauna was also higher in BIPM package
in both Bt cotton and non-5t cotton (28,79 and 23.50/50
plants, respectively) while it was less than 3.0/50 plants in

Farmer's practice both in Bt and non Bf cotton, Maximum
yield (1872 kg/ha) was recorded in Bt cotton + BIPM
followed by Bt cotton + Famer's practice (1103 kg'ha).
Non-8t cotton with BIPM package recorded 831 kglha,
Nen-Bi cottar with farmer's practices recorded least yield
of 726 kgtha.

AAU, Anand

There was significant reduction in the population of
aphid, jassid and whitefly in case of Bi cotton + BIPM as
compared to non-Bt cotton. Bf cotton + BIPM package
also recorded significantly lower bud and boll damage
(0,42 % and 0.41%) compared to non-Bt cotton + BIFM
(6.20 and 13.17%), while nen-Bt cotton + GAU schedule
recorded 7.23 and 15.65 % bud and boll damage,
respectively. B cotton + BIPM package also recorded
lower locule damage (0.82 and 0.79 %) by E. vittells and
P gossypielia, whereas it was 12.63 % and 23.28 % in
case of non-Bt cottan + GAU schedule, respectively. Bt
cotton + existing practice recorded (.56 and {1.63 % bud
and boll damage respectively, and low locule damage
(1.13 and 0.94 %) due to E. vittella and P gossypielia.
The seed cotton yield was also higher in Bt cotton +
BIPM (2653 kg/ ha) as compared fo nan-8t cotten + BIPM
and non-Bi cotton+GAU schedule (2014 kg [ ha and 1734
kg / ha), respectively (Table 40), Observations also
revealed that the population of various natural enemies
like chrysopids, C. sexmaculata, Geocoris, staphylinids,
Rogas and T. chilanis were higher in case of Bt
cofton+BIPM and non-Bf cotton+BIPM package.

TNAU, Coimbatore

The incidence of Amrasca biguttula biguttula in
different modules ranged from 2.54 to 5.36 and from
3.00 to 8.40 per plant {three leaves) at Thondamuthur
and Singanallur, respectively, The increasing order of
incidence of leathoppers in different medules was
Farmers’ Package of practies (FPP). MECH 162
Bt > BIPM, MECH 162 Bt > BIPM, MECH 162 M Bt >
FPP, MECH 162 N Bf. The incidence of aphids was
less inthe FPR MECH 162 Bfmodule. The mean number
of thnps per plant at Thondamuthur was 1.25, 1.60, 1.00
and 3.10in BIPM MECH Bt162, BIPM, MECH 162 N B,
FPP, MECH 162 Bfand FPP, MECH 162 N Bt respectively.
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Table 40. Efficacy of biointesive pest management (BIPM) for Bt Cotton in Anand
Treatment Sucking pests / 15 leaves % Damage by boll worms Yield{Kg/ ha.)
Aphid | Jassid | Whitefly Bud | Boll Locules
Ev| Pg

Bt Cotten +BIPM package 308 17 172 72| 38 514 ]. 5.11* 2653
Mon-B¢Cotton +BIPM package 7.91° 2.0 21% 14.42°) 21287 | 10.94°| 27 84° 20140

BtCotton + existing package

of practices 3.54° 1940 1.86" 429 | 4.54 811" | 5.56° 2625°
Non-8tCotton + GAU schedule 8.54¢ | 243 2:39" 15.60°| 23307 | 19.94"] 28.85° 1734"

Table 41. Incidence of bollworms, their damage and seed cotton yield in different BIPM modules at

Thondamuthur

Modules Mean larval population / Plant Bollworm damage (%) Seed cotton

H.armigera | E. vittella Fruiting| Open| Locule |Interlocule yield
bodies [ ball (kg ha')

BIPM - MECH 182 B¢ D.40= 0.0% 1.300 1.95" | 0.90° 1.05 20407

BIPM - MECH 162 MNon Bt 0.91= 01ge 2.45° 350 1.85° 2.25° 16807

FPP - MECH 162 Bt .47 010 1.80° 2500 140 1.50° 17407

FRP - MECH 162 Non Bt 1.40¢ 0Fe 6.02¢ 7300 3400 4.1 1480¢

*Mean of ten cbservations over the season; Means followed by different letters within & column indicate significant differences

(P=0.05),

The mean number of whiteflies at both the locations
ranged 1.04-2.50 and 1.20-2.96, respectively. Lower
incidence of sucking pests was recorded In FPP+ MECH
162 Bt module plots.

Bt cotton recorded lower H. armigera population
than MECH 162 N Bf. There was no significant difference
in the incidence of H. armigera betwaen BIPM MECH
162 Bt (0.40) and FPP MECH 162 Bt (0.47) module at
Thondamuthur (Table 41). In the field trials at Singanaflur
MECH 1862 N Bl recorded higher H. armigera incidence
(2.60). Similar frend was noticed in the spotled bollworm
incidence. Bt cotton recorded significantly lower
population (0.25) than non-B1 (0.57). The order of
occurrence of £ wiftelia in different modules was BIPM
MECH 182 Bt = FPP MECH 162 Bt > BIPM MECH 162 N
Bi=FPP MECH 1682 N Bi.

The per cent fruiting body damage in different
modules was in the order, BIPM MECH 162 &f = FPP
MECH 162 Bt > BIPM MECH 1682 N Bt > FPP MECH 162
N Bt at Thondamuthur, The per cent bollworm damage
in both locations showed the same trend.

MECH 162 B! protected with BIPM recorded a yield
of 2040 kg ha”, whereas FPP module recorded 1740 kg
ha' (Table 66}. In Singanallur trial, the yield was 2110 kg
ha' in BIPMMECH 182 Bf, and 1780 kg ha' in FPP MECH
162 Bt Bt cotton under BIPM or FPP performed better in
reducing the bollwarm damage and gave higher seed
cotton vield compared 1o non-Bt. The BIPM modules
recorded significantly higher number of natural enemies
such as chrysopids, coccinellids and spiders than the
FPP modules (Table 42).
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Table 42. Incidence of natural enemies in different modules at Thondamuthur (T) and Singanallur (S)

Modules Mean number of insects (per leaf) over the season *
Green lacewings Coccinellids
T 3 T 5
BIFM MECH 162 &t 0.45 .45 1.84% 214
BIPM MECH 162 N B! 0.41° 041 s 1 1.14
FPPMECH {62 Bi 0.28° 0.26° 1.34° 1.08
FPFMECH 162 M Bt 0.32¢ R 1.20¢ 0.50¢

“Mean of ten chservations

Means followad by different lettars within a column indicate significant differences (P=0.05)

(il Evaluation of pesticide-tolerant strain of
Trichadaramma chilonis on cotton

The pesticide-tolerant strain of T, chitonis developed
by PDBC, Bangalore, was compared with local strain
and local recommended spray schedule at PAU, GAU
and UAS, Dharwad.

PAU, Ludhiana

The incidence of spotted bollwarm and H. armigera,
among the intact fruiting bodies was the lowest with PAU
strain (4.70%), followed by pesticide-tolerant
strain {4.84%) of T chilonis and significantly lower
than PAU spray schedule {6.82%) and control (38.12%).
The incidence of bollworms among green bolls was
lowest in treatment with pesticide-tolerant strain (4.08%)
and it was significantly lower in PAU strain (6.70%) than
in PAU spray schedule (8.94%) and control (32.04%)
(Table 43),

The parasitisafion of H. armigera eqgs was higher
(11.20%) when pesticide-tolerant strain was released
and it was significantly higher than treatment with PAU
strain (2.32%), control (0.92%} and PAU sptay schedule
(0%). Highest yield (18.40g/ha) was obtained with
releases of pesticide-tolerant strain of T chitonis which
was on parwith PAU strain release {17.90g/ha), which in
turn was on par with PAU spray schedule (17, 16g/hal.
Significantly lowest yield (5.52q/ha) was obtained in
control.

UAS, Dharwad

The experiment was laid out using the variety NGS-
145 (Bunny hybrid). The plots where multiple-insecticide
resistant strain (MRS) of Trichogramma chilonis was
released had less fruiting body damage (30.4%) as
compared to laboratory strain and control (39.46 and
47.65 per cent, respectively) (Table 44), The good
opened bolls were also higher (12.20/plant] in T cfifonis
(MRS} released plots as compared to lab strain released
plots (8,30 bolls per plant} and cantrol plots {5.22 bolls/
plant). Lab strain released plots recorded relatively higher
number of bad opened bolls {8.20 bolls/plant] as
compared 10 MRS released blocks (5.60 bolis/plant),
MRS plots recorded higher seed cotton yield (7.95 g/ha)
than lab strain plets and control (5.85 and 2.12 g/ha,
respectively).

The recovery of field released 7. chilonis was
evaluated to understand their capacity to survive undar
sprayed field conditions. The recovery was higher
(24.00%) in multiple resistant strain treatmant and low
in laboratory strain treatment (8.00%). Asimilar trend was
noticed in all four recoveries. n general, the multiple
resistant strain survived better thar laberatory strain under
sprayed field conditions.

AAU, Anand

Insecticide-tolerant and local strains of T, chilonis
were equally effective in reducing bud and boll damage
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Table 43, Evaluation of pesticide tolerant strain of Trichogramma chifonis on cotton (var. Ankur 651) in

Punjab

Parameters Release of T. chilonis PAU spray schedule Control
PT strain PAU strain

Incidence among fruiting bodlies %}
SBW 0.58% 0.7g" 0.96" 4 .86
Ha 4.26° 394 5.86¢ 33.26¢
SBW+Ha 4,84 4,70 6.82" 381
Incidence among green bolls (%)
SEW 0.26° 0.94° 1.76° 3.267
Ha 382 5.76° 7.18° 28.78!
SBW:Ha ) 408 B.70F 854 32.04¢
Parasitization of H. armigera eggs 11200 932 0.007 nez
Yield {a/ha) 18.40° 17.90° 17.18° 5520

SBW = Spotted bollworm, Ha = Helicoverpa armigara, PT= Pesticide tolerant strain

Table 44. Evaluation of multiple-insecticide tolerant strain of Trichogramma chifonis at Dharwad

Parameters T chifonis (MRS) | T chilonis (lab strain) Control
Percent fruiting bodies damags 3040 3876 4765
GOE per plant 12,20 8.30 522
BOB per plarit 5.80 8.20 125
Yiekd {Quintal'ha) 7.95 3.85 212

GOB: Good cpened balis; BOB: Bad opened baolls

due to bollworms on Hybrid Catton 10. The bud
and boll damage was 7.26 per cent and 10.97 per cent,
respectively, in case of insecticide tolerant strain
whereas it was 7.68 and 11.31 per cent, respectively, in
case of local strain. The bud and boll damage in
untreated plotwas 16.10and 23.12 per cent, respectively.
The locule damage due to E. vitiella was also significantly
lower in plots that received insecticide-tolerant strain
{12.51%) and local strain (13.14%), compared to
untreated control (32.11%). Similarly, the damage
due to B gossypiefia in the above treatments was 14.13,
14,67 and 31 .45 %, respectively. The per cent parasitism
by T chifonis was found to be 33.17, 30.67 14.17 and

7.83 % In case of insecticide tolerant strain treated | local
strain trealed, check and farmer’s praclice plots,
respectively.

The seed cotton yield in Insecticide tolerant and
local strain treated plots was 2028 kgiha and 1958 kgfha,
respectively. The control plot recorded 1305 kg/ha seed
cotton yield.

Field results at Nagpur

Effectiveness of the twa strains, viz. MITS and high
temperature tolerant sirain (HTTS) of T chiloms was
assessed in a field experiment at Nagpur. The rmean levels
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Table 45. Parasitisation of H. armigera eggs by T. chifonis strains

Observation No. of eggs collected Parasitisation (% mean) by T. chilonis strains
Heat-tolerant Insecticide-tolerant
= 25 16.3 286
2 25 a83 333
3 10 6.6 10
4n 10 50 40
Mean 175 266 278
of parasitisation assessed by collection of H. armigera AAU, Anand

eggs from Trichogramma released plots are fumished in
Table 45.

Cotton (NGS-145 — Bunny cotton hybnd) was sown
in three treatments separately and the recovery of egg
parasitoids was higher in MITS (24.0%) as compared to
lab strain (8.0%) in all four recoveries. The mean egg
parasitism in MIT3S block was 17.1% as compared to
5.1% in the lab strain released plots.

In the treatments where MITS was released, less
damage to fruiting bodies {30.4%) was recorded as
compared to lab strain released treatments (39.8%) and
untreated control (47.7%), respectively. The good opened
bolls (GOB) were also more (122 / plant) In MITS plots
as compared fo 8.3 bolls/plant in lab strain treatment and
5.2 bollsfplant in untreated control. Similarly bad opened
bolls (BOB} were significantly lower in MITS plots as
compared o lab strain released plots and untreated
coniral.

(ili) Standardization of release points for
Trichogramma chilonis

Studies were carried out at Anand and Ludhiana,
The treatments comprised releases at 100 points/ha (100
hits of egg card'ha, each bit containing 1500 parasitised
aggs), 150 points/ha (150 bits of egg card'ha, each bit
containing 1000 parasitised eggs) and 200 points/ha
(200 bits of egy card/ha, each bit containing 750
parasifised eggs). The releases were mage &1,50,000/
week.

Trichogramma chilonis releases on Hybrid 10 at 200
paints proved significantly more effective than releases
at 150 points and 100 points. The extent of bud and boll
damage was 5.58 and 11,87 per cerit, respectively. The
locule damage due to E. viftella was also significantly
lower and seed cotlon yield higher (1829 ko'ha) when
Trichagramma was released at 200 paints compared o
100 points (1611 ka'ha).

PAU, Ludhiana

The trial was carried out on cotfton hybrid
Ankur-651, The parasitoids were released 11 times at
weekly interval from July to September @ 1,50, 000 per
ha, The incidence of bollworm complex among the intact
fruiting bodies in control (35.48 %) was significantly
higher than releases of T. chilonis at different number of
paints (16.79 to 23.10 per cent) (Table 46). The lowest
incidence (16.79%) was recorded in adull releases and
it was significantly lower than releases in the form of
tricho-cards. The fotal bollworm incidence in control
among green bolls (37 %) was significantly higher than
releases of T chilonis (14.14-25.16%). The lowest
incidence (14.14%) was recorded in adult releases,
significantly lower than releases as lricho-cards. The
parasitisation of H. amigera eggs in control {1.14%) was
significantly lower than that in releases of T. chilonis. The
highest parasitisation (19.64%) was recorded in adult
releases and it was significanily higher than releases
through trichocards (11.72 to 14.98%). The seed cotton
yield In T chifonis releases (6.00 to 9.26g/ha) was
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Table 46, Standardization of release points for Trichogramma chilonis on cotton in Punjab

Parameters 100 pointsf hai 150 points/ ha ‘ 200 points/ ha] Adults ‘ Control
Incidence among fruiting bodies (%)

SBW 3.8 3.00¢ 2410 1.98° 576
Ha 19.32¢ 16.96" 16.00° 14.81¢ 29,72
SBW & Ha 231 19.96" 1841 16,78 35.48°
Incidence among green bolls (%)

SBW 5.24° 7% 522t 3.86° 6.76°
Ha 18.92° 16.26° 14.78" 1018 30.24¢
SBW & Ha 25,187 21.97 20.00" 14.14% 37.00
Parasitization of H. armigera egas 11.72" 13.20 14,081 16.64% 114
Yield (gtha) 8.00° 7.12" 7.86" 9.26° 5.08°

5B = Spotted bollworm, Ha = Helicoverpa amigera

significantly nigher than control {5.08q/hal. The highesl
yield (9.260/na) was recorded in adult releases and was
significantly higher than releases in the fofm of tricho-
cards. Releases of T, chilonis as adults proved better than
releases in the form of tricho-cards for the control of
boliwarm complex, increasing egg parasitisation and
seed cotton yield,

(iv) Influence of cotton cultivarsfhybrids on the
parasitisation efficiency of Trichogramma
chilonis

AAU, Anand

The influence of the release of Trichogramma
chilonis (@ 1,50,000/ha/week (6-8 releases) and
five tricho bits/treatment with each bit containing
600 parasitised eggs) on the cultivars G.Cot Hy 8, G.Cot
Hy.8, G.Cot Hy.10, G.Cot 10 (Desi} and G.Cot 16 was
studied. Parasitism by Tchilonis ranged from 15.67 in
G.Cot10 to 29.33% in G.Cot Hy.10. Considering the per
cent parasitism (29.33) and yield (1872 kg/ha). G.Cot
Hy.10 appeared to be more conducive to T, chilonis
releases {Plate 8}.

PAU, Ludhiana

Seventeen cultivars/hybrids of cotton were evaluated.
There were significant differences in parasitisation of H
amigera eggs among different cultivars/ hybrids (Table

Plate 8 : Maize and Cassia occidentalis for
conservation of natural enemies in cotton
ecosystem

47). The highest parasitisation was observed on RCH
138 Bt (23.24%), followed by RCH 317 Bt [22.32%) and
RCH 124 B1{21.36%) and il was significantly higher than
all other cultivars! hybrids. The highest seed cotton yield
wae obtained in RCH 134 Bt (32.19g/ha), which was
significantly higher than all other cultivars.

(v) Field trial onthe use of kairomones to increase
the efficiency of chrysopids in cotton
ecosystem

UAS, Dharwad
The trial was laid out on variety NCS-145 (Bunny
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Table 47. Influence of cotton cultivars/ hybrids on the parasitisation efficiency of T. chilonis at Ludhiana

Varieties/hybrids Parasitization ofH. armigera eggs Seed cotton Yield(g/ha)

Ganga kaveri 151 18.20¢ 20.26°

Dhawal 2 17.10% 21.04%

Ankur851 18.8(F 22.20"

LHH 144 17.80% 21.40%

ACH 134 19.204 2442

RCH 138 18.30¢ 23.60F

White gold 19.60 19907

RCH 134 BT 21.38° 329

RCH 138 8T 23,24 29.08"

RCH 317 BT 223 28.43

LD 594 16.20° 18.20"

LD 327 1710k 15.700

F 846 15,30 17.04

F 1861 14.207 17420

F 1370 16.10° 19.42¢

LH 1556 17.00 18.96

Mot 1810 18.80'
Table 48. Effect of L-tryptophan (Kairomone) on boll damage and yield in cotion

Parameters Treated plot Treated control Untreated control

Percentfruiting bodies damaged 214 26 84 45,44

GOB perplant 2212 18.12 11.44

BOB per plant 8.2 i2.22 26.48

Yield gtha 2244 2012 1315

hybrid) and kairomone-lreated and chrysopid released
plots were compared with chrysopid released plots alone
and untreated control,

Alter the first spray of L-tryptophan, there was a slight
increase in the population of chrysopids. The population
of chrysopid eggs, larvae, adulis and cocoons was 0.38.
0.28, 0.38 and 0.08 per plant, respectively, in the treated

plot as compared fo freated control where the population
was (.32, 0.20, 0.18 and 0.02 per plant, respectively.
Untreated contral recorded very low population of
chrysopids.

The kairomone-treated ploi recorded minimum
damage to fruiting bodies (21.34 %) as compared o
treated confrol and untreated control (26.84 and 48.44
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Table 49. Efficacy of microbial insecticides against H. armigera on lablab

Treatments H. armigera (Larvalplant)’ | Pod damage { %)"*| Seed damage (%) | Yield{kg/ha}
Bt@1.0kg/ha 1.40¢ 4,15% 3400 214qe
Ha NPV @1.5x10**POBs / ha 2.29 845" 7.92¢ 1grge
Ha NPY @0.75x10™ POBs/ ha 161" 4.61° 4870 1830™
Ha NPY @ 0.375x 10POBs /ha 1.84¢ 728" £.970° 1650°
N. rileyi @ 1x%10° conidia/ ha 248 10.27¢ 9470 1380
Inseciicidal chack 2271 10.34% 949" 170"
Control 315! 14,794 13.84¢ g70°

Mears followed by different letters within a column indicate significant differences (P=0.05)

%, respectively). Similarly, maximum good open bolis
(GOB) and minimum bad open bolls (BOB] were
recorded in treated plot. Maximum seed cotton yield
(22.44 n'ha) was recorded in treated plot as compared
{o treated confrol and untreated conirol (20,12 and 13.15
g/ha, respectively) (Table 48).

BIOLOGICAL CONTROL OF TOBACCO
PESTS

() Biological control of Helicoverpa armigerain
tobacco

CTRI, Rajahmundry

Field trials were conducted to evaluate Nomuraga
rileyi (107 sporesiha and 10 sporestha), 8.1, kursiaki (1
kg/ha), and Ha NPV (1.5 x 10" POB/ha) against H.
arrnigera on tobacco with a control (water spray),

All the treatmants were superior fo untreated contral
in terms of larval count per panicle. per cent capsules
damaged per plant, and seed yield per ha in the order N.
rileyi @10 sporesiha > N, rileyi 10 spores | ha> Btk
=Ha NPV.

BIOLOGICAL CONTROL OF PULSE CROP
PESTS

(i) Evaluation of BIPM package in soybean
CTRI, Rajahmundry

The study comprised of BIPM Package (release of
Telenomus remus against Spodotera fifura @ 100,000/

ha coinciding with egg laying and spraying of SIMPY 3
times @ 1.5 x 10 POB/ha along with 0.5% crude sugar
as adjuvant) and chemical contrel (lwo sprays of
manocrotephos and chlorypyrifos each against leaf
webber and Spodoptera litura @ 1.5 and 2.5 ml per lire,
regpaciively).

BIPM package was better with the mean larval
population of S. fitura per plant significantly lower (10.42)
than in chemical control (14.53), The mean plant damage
was 4.58 % in BIPM and 6.68 % in chemical contral. The
yields were 10.25 g/ha in BIPM and 8,75 g/ha in chemical
control.

(ii) Microbial control of H. armigera and Adisura
atkinsoni on lablab

AAU, Anand

Application of Bt @ 1.0 kg / ha provided greater
control of the larval population of H, armigera (0.96) with
lowest per cent pod damage (0.52) and per cent seed
damage (0.35), which were on par with higher dose of
HaPY @ 1.5X10% POB / ha. The yield from Bt-treated
plots (2140 kg / ha) was significantly higher than control
(870 kg / ha) and siatistically on par with HaNPY @ 1.5 X
10"POBs ( ha (1970 kg / ha) (Table 49),

(iii} Evaiuation of Heterorfiabditis sp. against
Mylabris pustulata and lepidopteran pod
borers in pigeonpea

AAU, Anand

Release of EPN @ 1.5 billion'ha was significantly
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Table 50. Evaluation of Heterorhabditis sp. against H. armigera and blister beetle on pigeon pea

Treatment H. armigera larvae Blister beetle (No./5 Pod | Seed Yield
{Mo./5 terminal shoots/plant) terminal shoots/plant) damage| damage
(%) (%) | (kghal
Before spray| After spray Before spray After spray
3 7 10 3 T 10
days | days | days days | days | days
EFN@(.50/ha 3480¢ 346° | 3310 | 3an 328 3% | 300°[279" | 1768 1651" B4
EPME 1.0bMha 4.00¢ a8 | 374 | 3Er 332 319 | 303 (28F 16610 15810 870"
EPMN@1,50ha ang 6P | 346 | 33 346 325 | 303 (272 1359% | 1382 ga=
Unireated chack 41 382 37y | 3T 240 3400 | 331 | 328 2812 183F B

better than all the other treatments and untreated control
for the management of H. armigera and blister beetle.
The treatment proved effective for the control of H.
armigera from the third day onwards while for blister bestie
after seven days (Table 50). Treatments of 0.5 and 1.0
billion nematodes/ha were an par with contral. Similar
trends were observed in per cent seed damage, pod
damage and yield.

3.7.BIOLOGICAL CONTROL OF RICE PESTS

(i) lsolation of fungal pathogens from rice
ecosystem

AAU, Jorhat

Entomofungal pathogens, Fusarum sp., Penicillium,
Aspergillus, Beauveria bassiana and Alternaria sp. from
leaf folder, and B. bassiana and M. anisopliae from
leafhoppers, were isolated.

{ii) Evaluation of biointensive IPM for rice stem
borer and disease management

AAU, Jorhat

The IPM module (comprising the use of moderately
resistant variety, Trichoderma vinde as seed treatment,
releases six of Trichogramma japonicum @ 50,000/ha/
week, spray of Pseudomonas fluorescens, need-based
Insecticidal application and use of bird perches @10/ha)
was compared with chemical centrol and farmers’
practice.

The pre-treatment dead heart incidence ranged
4.61-4.94 %, Al 58 days after transplantation, significant
reduction of dead heart in IPM (2.23 %) and chemical
control (3.41 %) was observed as against farmers’
practice (10.27 %) (Table 51). The white ear head (WEH)
population was also significantly lower in the IPM (2,90
%) and chemical control plofs {4.15 %) than in farmers'
practice (11.41 %). The vield was significantly higher in
the IPM plot {4707 kg/ha) and Insecticide-treated plot
{3676 kg'ha) than in farmer’s practice (3002 kgtha). The
cost-benefit ratio was highest in BIPM (1:2.40) as
compared to farmer's practice (1; 1.59) and chemical
tontrol (1:1.58).

(i) Evaluation of Trichogramma japonicum
against rice leaf folder and stem baorer

AAU, Jorhat

Trichogramma japonicumand T chifonis @ 1,00,000/
ha were released alone and in combination at weekly
intervals coinciding with the first occurrence of either of
the pest. Chlorpyriphos was applied in the chemical
control plot. During rabi 2004, at 58 DAT there was
significant difference in per cent dead heart (3.67 and
3.90} and per cent ear heads (3.74 and 3.53), when the
parasitoids were released individually, During kharif 2004,
lower incidence of white ear head (2.51%) was cbserved
in the plot receiving toth species than in control (10.24
%). Release of T japonicum alone was as effective as
combination of both species. '
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Table 51, Evaluation of bio-intensive IPM module for rice stem borer (Kharif 2004) at Jorhat

Treaiments Per cent dead hearts (4" week) % WEH Yield kgl ha
IPM Mocule 223" 2.90° 4707 =
Chemical cortrol 341" 4.15° 976"
Farmars practics 10.27* 11.41° 3002+

The occurrence of leal folder before treatment
ranged from 4.43 % to 6.5 % during rabi 2004, The leaf
folder damaged leaves declined from 2 week onwards
alter the field release of the parasitoids and ranged from
0.84 to 1.31 at 65 DAT. During kharif 2004, the leaf folder
demaged leaves declined after the 2nd release (1.99 %}
in the plot receiving combined releases, followed by the
plot receiving T japenicum (1.53 %), Yield during both
kharif and rabi was, however, highest in T japonicum
released plots (4027 and 4063 kg/ha, respactively).

KAU, Thrissur

The trial was conducted during kharif and rabi
seasons with the same treatments as above except for
the use of monocrotophos {0.05%) and an untreated
control.

During Kharif, mean leaf folder incidence was on
par in all the treatment plots (4.55-7.09) except in control
(13.85). Pooled mean percentage dead hearts was
significantly lower in chemical control plot {2.74) than in
1. japonicurm + T. chiforis (5.13) and 7. japonicum {5.52)
released plots. Maximum white earheads were recorded
in control plot (8.5} and least in T. japonicum released
plot {3.5), Al the treatments were on par in the case of
white earhead infestation. Significantly lower yield was
recorded in control plot {3125 kg/ha) than all other
treatments. Maximum yield wag recorded in chemical
control plot (3850 kg'ha), which was on par with T.
japonicum (3775 kgfha) and combination of
Trichogramma spp. (3725 kg/ha) released plots.

During rabi, the leal folder incidence was on par in
all the treatment plats (1.00 - 1.09), while in control it
was 6.73 (Table 52). Stem borer incidence in all the
treatments was on par (3.02-4.17} and significantly lower

than control {4.96). The highest yield was recorded in T
japonicum-released plot (3750 kg/ha), which was
significantly higher than control (3688 kg/ha).

The povled data chained during three seasons show
that all the treatments were equally effective with no
significant difference between them in reducing the
damage by the leaf folder and stem borer. In untreated
control there was significantly higher incidence of leaf
inlder (8.20% leaf damage and stem borer 9.19% dead
hearts}. Highest yield was recorded in T japonicum @ 1
lakn/ha released plot (3604.17 kg/ha), foliowed by
chemical control plot (3579.17 kg'ha) and T japonicums T.
chiforns @50,000/ha released plot (3545.83 kgiha).
Lowest grain vield was recorded in control (3112.5 kg/
ha). The cost-benfit ratio was highest in T japomcumt
treatment (1:1.16), which was on par with chemical
cantrol {1:1.15],

PAU, Ludhiana

Trichogramma japonicunt alone and in combination
with T chitonis was evaluated for the management of leaf
folder on rice {ov. Pusa Basmati).

The per cent leaves folded was significantly
lower in all the treatments as compared to control
(2.34%, 45DAT and 6,75%, 60DAT). The lowest
incidence (0.00%, 45DAT and 0.75%, 80DAT) was
recardad with 7 chilonis+T. japonicum treatment and
it was significantly lower than all cther treatments. The
per cent dead hearts (0.64%, 45DAT and 1.3%, GODAT)
and white ears (4.17%) were lowest in plots where
both parasitoids were released and it was significantly
lower than all other treatments except chemical control
{(0.97%, 60DAT). The yield in control (36.0g/ha)
was significantly lower than all other treatments. The
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Table 52, Evaluation of Trichogramma japonicum against rice leaf folder

Treatments AAU, Jorhat KAU, Thrissur PALJ, Rabi
Rabi Kharif Rabi Kharif

45 DAT 45 DAT 45 DAT 45 DAT 45 DAT
Tj+Tc @1,00,00/a 1.54% 1.96¢0 1.are BTG 0.00%
Tj @ 1,00,000/ ha 1.76% 1.534 1.00° 10.89° 1,87+
Tc @ 1,00,000Ma 1370 Pt 1.09® 7.Bgt n.B0"=
Chemical control 1412 1617 0.57° 7.78¢ 060"
Untreated contral 363° 5.18° 6.73° 21.81 2.34¢

Ti: Tiichogramma japonicum; Te: Trichogramma chilonis

highest yield was obtained with chemical control
(52, 7g/ha), followed by combined releases of parasitaids
{51.0g/ha).

(iv) Evaluation of fungal pathogens on sucking
pests of rice

KAU, Thrissur

The efficacy of Beauveria bassiana and M.
anisopliae was evaluated against sucking pests of rice,
The treatments included B. bassiana agueous
susapension 107 spores/ha +Tween 80 (0.02%); M.
anisopliae agueous suspension 10" sporestha+Tween
80 (0.02%); one spray of imidacloprid (0.01%); and
untreated check. Three rounds of foliar sprays were
applied in all the treatment plots.

In Kharif, the counts of hoppers were least in
chemical gontrel plot (1.17). The mean number of
hoppers/hill was 3.52 and 3.68 in M. anisopfiae and B.
bassiana treated plots, both being on par. It was highest
in control plot {8.72}. Rice bug population was also
significantly lower in B. bassiana (0.08/nhill) and M.
anisopiiae (0.20/ill) treatments than in untreated control
(0.44/mill).

The yield was maximum in chemical control plot
(4460 kg/h), but on par with B. bassianatreated plot (4450
kg'ha)

In Rabl, pooled data revealed significantly lower
hopper numbers in chemical contral plot (0.72), followed

by M. anisopliae (3.32) and B bassiana sprayed plots
(4.22) than control (10.85). Rice bug incidence did not
differ between treatments (0.48 to 0.B8/ill). Grain yield
did not differ significantly, but was maximum in M
anisopliae treated plot (3800 kg/'ha) and least in control
plot {3200 kglha).

The pooled results of both seasons showed that in
the treatment plots, the counts of hoppers were an par
and significantly higher in control plot. Least hopper
counts were recorded in chemical control plot. Maximum
grain weight was recorded in B. bassiana treated plot
[3712.50 kg/ha) followed by chemical control (3708 kg
ha) and M. anisopliae treated plots (3580kg/ha). Least
yield was recorded in control plot {3161.50 kg'ha). The
net profit (Rs.3861/ha) and cost-benefit ratio (1:1.17) was
higher in B. bassiana treated plots, but this was an par
with chemical coentrol {Rs.3836/ha and 1:1.17,
respeciively).

AAU, Jorhat

Foliar sprays of the fungi were applied during
evening hours using high volume sprayer. Green leaf
hopper (GLH) was noticed in greater numbers followed
by white back plant hopper (WBPH). Both B. bassiana
and M. anisopliae were effective apainst sucking pests,
but Inferior to chemical insecticides. Mycosed insects
were seen in the fungus-treated plots, while no mycosed
insects were found in the untreated and chemical contral
plets the yield was highest (4465 kg/ha) in chemical
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Table 53. Evaluation of fungal pathogens against jassids of rice at Jorhat
Treaiments Iean number of jassidshil Yield (kgha)
Pre count before Post Pre count before Post
1# spray Ireatment 2" spray treatment
Beauveria bassiana (10 * spores/ ha) 14.08 7.800 5.20¢ 4.38° 4212.50®
Metrhizaium anisopliae( 10 '* spores/ ha} 13.04 760" 5TH 3.68° ag72.50°
Chemical insecticides 12.04 a0, 36%F 280 4465.000
Untreated check 1.36 12.30¢ 1.50° 100¢ 345200

Figures ioliowed by the same letter in & column are not significantly different

contral plot, followed by B, bassiana sprayed plot (4212
katha), M. anisopliae treatment (3972 kg/ha) was superior
to control {Table &3},

(v} Impact of organic farming on conservation
and augmentation of natural enemies of rice

pests
PAU, Ludhiana

The experiment was carried out al Punjab
Agricultural University, Ludhiana, on Basmali rice and
coarse rice. The organic farming module eonsisted of
green manuring with Sesbania aculeata and releases of
Trichogramma chilonis and T japoenicum each
@1,00,000/hatweek, 7 times starting 30DAT. In the
recommended practice module, urea @ 45kg'ha in 2
splits and two sprays of monocrolophos @1.4 Iha were
applied. In the integrated practice module, urea was
applied @ 45kgha in 2 splits and 7 releases of T chiloris
and T, japonicum @1,00,000/a/week were made, starting
the first release at 30DAT.

On basmati rice, the incidence of the leaf folder at
BODAT was slightly higher In recommended practice
module {0.96%) as compared to organic practice module
{0.29%) and integrated practice module (£.78%). The
incidence of stem borer was lower in recommended
practices (2.00%, 45DAT and 0.80%, 60DAT) than
integrated practices (4.67%, 45DAT and 3.33%, 60DAT)
and grganic praclices (B.67%, 453DAT and 1.36%
BODAT). The yield in the integrated practice was higher
(31.760/ha} as compared to organic practice (27.90g/

ha) and recommended practice (26.96¢/ha). Parasitism
of recovered eqg masses of stem borer by Trichogramma
sp. was slightly lower in arganic practices (27.6% than
integrated prastices (29.1%)

The incidence of leaf folder and stem baorer in the
coarse rice vaniety PR 116 at 80 DAT was lower in organic
practices (0.72% and 2.14%) as compared 10 integrated
practices {0.97% and 3.64%) and recommended
practices (1.32% and 4.00%). The vield was highest in
Integrated praclice {66.93 g/ha) as compared (o
recommended practice (62.04 g/ha) and organic practice
(61.54 gfhal.

KAU, Thrissur

The experiment was carried out at District
Agricultural Farm, Mannuthy on variety Jyothy during kharif
and rabi seasons, Organic farming plot was with exclusive
organic Inputs (seed treatment with Trichoderma viride
4gikg seed; application of farmyard manurg and green
leaf manure @ 5 tonnestha; two neem-based-sprays). In
chemical control plot, chermical ferlilizers were applied
as per package of practices. One spray of imidacloprid
{0.01% against hoppers and one spray of monocrotophes
(0.05%) against leaf folder and stem borer were applied.

During kharif, there was no significant difference in
percentage dead heart and hopper counts/hill between
the treatments, but the percentage leaf folder incidence
and blue beetle counts were significantly higher in
chemical control (1.04 and 1.48) than organic farming
(0.21 and 0.4). The population of spiders and
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Table 54. Effect of organic farming on rice pests, natural enemies and yield (pooled mean of four seasons)

70

at Thrissur

Observations Organic farming Chemical Contral Significance
Percentage dead heart 247 2.69 1
Parcentage leatfolder incidance 1.20 1.41 1
Hoppercounts/hil 1.14 113 T

Yield kgtha 4770.00 4005.00 T

White ear heads/im?® 550 715 ii

No. of spiders /il 0.48 012 Significant at 1% levet
No. of coccinellids/hil 0.53 012 Significant at 1% level

T Error S8 heterogeneous and interaction absent

coccinellids/hill was higher in organic farming {0.346
and 0.8) than chemical control {0.146 and 0.24). There
was no significant difference in grain yield between
organic farming (3960 kg/ha) and chemical control (4200
kgrha).

During rabi, the percentage dead hearl incidence/
hill was significantly higher in chemical control {2.64)
than in organic farming (1.32). White earheads were
significantly lower in organic farming plot (3.40/sq.m}
when compared to chemical contrel plot (7.6/sg.m.).
Percentage leaf folder incidence (0.36 and 0.53/hill),
hopper {0.47 and 0.68/Mill) and blue beetle counts (0.10
and 1.18/hill) were on par in erganic farming and
chemical control, respectively. Numbers of spiders (0.57)
and coccinellids (0.36) were significantly higher in
organic farming than in chemical control (0.09 and 0.08),
respectively. Grain weight was significantly higher in
chemical control (4430 kg/ha) than in organic farming
{3600 kgha).

Pooled data of the seasons indicated non-significant
differences in percentage dead heart, percentage leaf
folder, hopper count/hill, white earheads/m* and yield
beiween organic farming and chemical control treatment.
The coccinellid and spider counts were significantly

higher in organic farming than chemical control {Table
54). The cost of cultivation was lower (Rs.19185/ha) and
total returns (Rs.26330/ha) higher in organic farming in
comparison to chemical control (Rs.19239/ha and
Rs.28308, respectively).

BIOLOGICAL SUPPRESSION OF OILSEED
CROP PESTS

Biological control of the aphid Lipaphis erysimi
on mustard

AAU, Anand

The treatments comprised release of fschiodon
scufellaris @ 1000 adults/ha and 500 adults/ha;
Verticifium fecarii @ 10° conidia/ml; insecticidal cantrol
and control,

Ischiodon scutellars @ 1000 adults/ha recorded
minimum aphid population (4.80 aphiditerminal shoot)
and higher yield (3058 kg/ha) and proved superior fo /.
scutellaris @ 500 adults’ha {8.22 and 2444 kg/ha,
respectively), V. Jecami (14.39 and 2000 kg/ha,
respectively) and insecticidal control {1283 and 1889
kg/ha, respectively).
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Table 55. Efficacy of Verticillium lecanii against mustard aphid, Lipaphis erysimi, in Ludhiana

Treatment Mean number of aphids/10 cm shoot Yield (a/ha)
Pre-treatment Post-treatment

V. lecanii (3 sprays} 36.50F 269,56 394

V. lecanif2 sprays) 41,162 280 p2r 3.58"

Chemical control 48342 30602 9.05°

Control 48.92¢ 532.14° 247

Figures followed by the same letier in a colurn are not significantly different

Table 56. Population of 0. arenosella after G. nephantidis releases by two methods

Treatment Pre count (Mean Post release count (Mean no./leaflet/tree)
no./leaflet/tree) i Vi
Trunk release 5.95 0.95¢ 0.500
Crown release 390 0.90 025"
Central 345 3.85¢ a0

Figures followed by the same letter in & column are not significantly different

PAU, Ludhiana

Sprays of Verficilium lecanii (10 conidia/mi) (three
sprays at 10 days after sowing (DO} and 2 sprays at 15
DOI) were compared with oxydemeton methyl (2 sprays
at 15 days interval) and control. The incidence of mustard
aphid was lowest in chemical control in all the post-
treatment observations (Table 55). The incidence of
mustard aphid in V. lecanii sprayed plots was significantly
lower than control, three sprays proving better than tweo.
The yield in chemical control was significantly higher
[9.050/ha) than that in W Jecanii treated plots (3.94gha
and 3.58q/ha, with three and two sprays, respectively)
and control (2.47g/ha).

BIOLOGICAL SUPPRESSION OF COCONUT
PESTS

(i) Evaluation of method of release of Goniozus
nephantidis against Opisina arenosella

KAU, Thrissur

Two methods of release (@ 10 females/trunk) at 4-

5 feet above ground level and at the crown of the tree
were compared. Six releases were made at fortnightly
intervals. There was no significant difference in the
population of O. arenoselfa in the different treatments
after |* release. After II, I, IV, V' and VI releases, the
population of Opisina came down and was significantly
lower in parasiteid releases at 4 - 5" height of palm (0.6)
and crown releases (0.4) than in control palms (4.2},
However, there was no significant difference between the
two methods of release.

Pooled analysis of three years' data showed that after
six releases of the parasitoid, the population of Opisina
came down and was significantly lower in the parasitoid
released palms than in control palms and both methods
of release were equally effective in bringing down the
population {Table 56).

(i} Field evaluation of Cardiastethus exiguus
against O. arenosella

KAU, Thrissur

Cardiastethus exiguus was released @ 50 and 100
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Table 57. Evaluation of C. exiguus against 0. arenosella (mean no./leaflet/tree)

Treatments Larval population of 0. arenoselfa
Pre-count Post count after
. 11 release il release
50 pertrae 4.65 095° 0380
100 per tree 4.90 080" 025"
Control 4,60 360 285¢

Figures followed by the same letter in a cofumn are not & significanily different

nymphsfadults per tree at weekdy intervals and compared
with a control. There was a significant reduction in the
population of O. arenosella after [, Il and |l releases of
C. exiguus when compared to control. There was no
significant difference between the release rates (Table
57).

BIOLOGICAL SUPPRESSION OF TROPICAL
FRUIT CROP PESTS

IIHR, Bangalore

(i) Evaluation of Bacillus thuringiensis var.
kurstaki formulations against pomegranate
fruit borer, Deudorix isocrates

Delfin, Dipel, Biobit and Halt (five sprays @ 1 g/l at
weekly intervals) were evaluated for their field efficacy
against pomegranate fruit borer, Deudorix isocrates and
compared with deftamethrin (0.5 ml/l at ten day interval)
and unsprayed control, Among fhe formulations, Dipel &
1.0 mifl recorded |esser fruit damage (14.80%) and was
on par with deliamethrin treatment (14.90%).

(i) Integration of Trichogramma chilonis with
Bt for the control of the pomegranate fruit
borer, Deudorix isocraies

Six weekly releases of Tchifonis @ 200/trea/ralease
were made from fruit set anwards and BI was applied @
1 gl at weekly intervals from the time of fruit set. A mean
of 16.60, 8.33 and 10.00 per cent fruit damage was
recorded in plots treated with T, chilonis alene, T chifonis
+ Bf and Bt alone, respectively, compared to 21.56% in
the check.

{iii) Colonization of the aphelinid parasiloid
Encarsia guadeioupae on spiralling whitefly
on guava

lIHR, Bangalore

Colonization of E. guadeloupae on spiralling whitefly
infestations was atlempted in guava orchards in different
areas of Bangalore. In Chikkabanavara, following the
releases, parasitisation of 16.28-84.32 % was abserved
with a reduction is the whitefly population from 47.60 /
leal to 0.85 { |eaf in about seven months. In a guava
orchard in Cholanayakanahalli, parasitism was 28.48%
in August and went up fo 86.92% in February with a drastic
reduction in the whitefly population.

Al Hessaraghatta, the spiralling whitefly and its
natural enemies wera monitered from April 04 to March
05. Encarsia guadeloupae was encouniered fram April
10 March. The whitefly population ranged from 0.60/leaf
in April ta 7.00leat in November The parasitism by E.
gaudeloupae was found to be very high round the year,
ranging fram 80.00% in November 03 to 96.20% in June
04.

MPKY, Pune

A guava orchard of one hectare with whitefly
infestation was selected for inoculative release of
E. guadeloupae. The parasitism of E. guadeloupas
increased from 5.68 to 11.50 % within two months of
release, indicating its establishment.

{iv) Field evaluation of Mefarhizium anisopiiae
against mango hoppers

lIHR, Bangalore

Three concentrations of M. anisopfiae, viz., 1x10°,



PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

1%10% and 1x107 spores/m! along with the check
(Imidacloprid 0.25mI/L) and conirol (disfilled water) werg
evaluated against mango |eafhopper. Metarhizium
anisopliae caused 58 - 77 % mortality of mange hoppers
in 72 hours as compared to 100 % mortality in
imidacloprid treatment and 7.33% in water spray.

(v) Demonstration trials on the biological
control of grape mealybug

lIHR, Bangalore

The efficacy of Cryptolaemus montrouzier’ against
grape mealybugs was demonstrated in a grape garden
at Ajwara near Chikkaballapur. The predator was
released @ 10 Jplant on 75" day and again on 85" day
after pruning. Fifteen days prior to the predator release
and thereafter until harvesting of the bunches, insecticidal
application was suspended. The number of healthy and
mealybug infasted bunches were counted on 20 plants
at random. The bunches infesled wilh mealy bugs at the
time of harvest ranged from 0 to 2% (mean=0.41), There
was an overall reduction of B0% bunch damage as
compared to the previous crop. The larvag of
Cryplolaemus were found feeding on the mealybugs in
infested bunches at the time of harvesting,

MPKV, Pune

The eflectiveness of C. montrouzieri for the cantrol
of mealybugs was demonstrated in a field of one hectare.
Three releases of C. montrouzieri @ 1,000 adults! ha
with initial release one month after pruning were carried
out at monthly interval. There was gradual reduction in
mealybug population in-the C. montrouzieri released
grape garden. The pre-count population recorded was
abount 12 mealybugs/unch. After three releases, the
mealy bug population was 3.30 as compared to 24.90/
bunch in control plot.

BIOLOGICAL SUPPRESSION OF TEMPERATE
FRUIT CROP PESTS

(i)  Natural incidence of parasitoids of San Jose
scale on apple

SKUAS&T, Srinagar

Parasitization rates of San Jose scale were similar

[+
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at all the locations surveyed - low during May, bul
increased gradually during June-July and declined later.
Per cent parasitization/2 cm? ranged 9.01-16.58, 4.73-
9.68, 5.52-11.88 and 5.42-8 55 in Budgam, Srinagar,
Pulwama and Baramullah districts, respectively,

Dr.YSPUH & F, Solan

At Nauni and Mashobra, the percentage of infested
plants was 9.3 and 8.6, respectively, with a live scale
density of 2.5-43.3 and 0.5-8.5 per em? of the bark in
moderale to heavily infesled plants. Chilocorus infemalis
was the only predator noticed during the period of
observalion, which actively fed upon the San Jose scale
at Mashobra. Parasitization by Aphyiis sp. prociia group
and Encarsia periciosi was also observed. Parasitization
by the former was Up lo 25 per cent with a mean of 4.8%
at Mashobra, while parasitization by £ perniciosi was up
to 3 per cent (mean 0.1%). At Nauni, the predator activity
was negligible, the live scale density was high and
parasitization was mainly by Encarsia (0.4-3.1, mean
2.5%), while the activity of Aphytis was comparatively lower
(0-0.8, mean (1.5%).

(i) Current status of San Jose scale, woolly
apple aphid and their natural enemies on

apple
Dr. YSPUH & F, Solan

At Nauni, the infestation was only on 1.1 % of
young plants in September, which increased to
28.6% in October and declined to 9% by December.
Hardly 1% plants had aerial infestation in February.
Incidence of Aphefiqus mali was also noticed (1 to 3
mummified aphids amang some woolly aphid colonies).
Al Mashobra, per cent infested plants were 7.1, 7.7 and
15.4 during Sepiember-November, an which on an
average 7.9, B and 6.6 colonies of the aphid per infasted
plant thrived.

From the mummified aphids collected from trees
treated with oils in July, the emergence of A, mali was
lower (60.7-68.5%) than that from mummies callected
from untreated trees (82.9%}); the emergence from
mummies from chlorpyrifos treated trees was only 35.6%.
When the lrees were (reated in October, the parasitoid
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emergence was low even in the control, indicating
prepupal diapause of the parasitoid. The emergence from
mummies collected from treated trees was 4.3-10.2%
and there was no emergence from those collected from
chlerpyrifes treated trees.

(i) Studies on predators of phytophagous mites
on apple, evaluation of summer spray oils
against phytophagous mites and their safety
fo natural enemies

Dr. YSPUH & F, Solan

Panonychus ulmi started appearing on apple foliage
by the second week of April in two locations in Kullu 1.4
and 1.3/ leaf) and by May end, it had increased io 4.5 and
2.3, while in June-end it was 59.5 and 38.1/leaf.
Population was at its peak by July end (71.9 and 28.1/
leaf) but by mid- August, it declined to 2.8 and 2.7/leal. No
predatory mite could be encountered among sampled
leaves until early June. Predatory mites [Amblyseius sp.)
were observed only after second (0.03 mite/eaf) and third
week of June (0.04 mite/leaf) in these two locations. Their
number increased to a maximum of 0.23 and 0.3/leaf
around mid- August. On trees where four summer spray
oils (DC-Tron Plus, Orchex 798, IPOL and Servo (HMO))
were applied twice at 1 and 1.5 per cent during June and
July at 3 weeks intervals, there was no reduction in the
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predatory mite count at both locations, though
phylophagous mite population was reduced significantty
to <4 mites/ieaf.

BIOLOGICAL SUPPRESSION OF VEGETABLE
CROPPESTS

(i)  BIPM for tomato fruit borer
Dr. YSPUH & F, Solan

Four weekly releases of T chilonis at fortnightly
interval, followed by two rounds of HaNPV application
were made against tomaio fruit borer. The parasitoid
release resulted in 67 - 93 per cent egg parasitization as
against 26.3 - 31.3 per cent in fields receiving endosulfan
treatment. Per cent fruit damage was 4.2-4.5 in BIPM-
fields and 4.4 in endosulfan-treated fields.

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

TNAU, Coimbatore

Five sprays of HalNPV at full (@ 1.5 x 10" POB/ha),
0,75, 0.50 and 0.25% of the recommended doses were
evaluated against fruit borer. The larval incidence was
significantly lower in HaNPV application @ 1.5 x 10™
PQB/ha followed by half the recommended dose of

Table 58. Optimum dose of NPV for the management of H. armigera on tomato based on larval population

and fruit damage

No. of larvae/1D plants*® after spray Meanfruit Tota
Treatments damage(%) | yield ton/hd C: B
PT | I il v )
HaNPY 1.5 % 102 POB/ha 6.8 | 61| 112 | 3.85%| 5.81%| 6.1% 18.1* 49,20 1:4.21
HalPy 0,75 % 10 POB/ha 64" | 600 136 | 3.96°| 619" | 5.2 26.% 42.31" 1:1.8
HaNPYV 0.375 x 10 POB/ha 6.2 | 40°| 16%F | 3.32° | 4.72¢| 5.61° W05 3923 | 172
HaNPV 0.1875 % 10" POB/ha 52+ | 440 182 | 3.21°] 443 | 552" 27.1¢ 38180 1;163
Control 61" | 44| 281 | 8.82¢ |122F] 1.8 7E 232 -
*Means of four values

In vertical columns, means foliowed by similar etters are not different siatistically (P = 0.05)
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4aNPV. Further reduction in dose of NPV resulted in
inferior cantral (Table 58). The fruit damage was
significantly power and the cumulative yield significantly
higher and in the treatment with NPV at full dose. Further
reduction in the dosage resulted in reduced yield of
marketable tomato though they were significantly superior
to untreated check.

(iii) Biological control of insect pests of Okra
IIHR, Bangalore

Two trials were conducted to evaluate BIPM
{comprising 4% NSP, Bt {Halt) and release of
T. chilonis) and farmers' practice (dimethoate spray).
BIPM treatments were superior to farmers’ practice as
only 4.22 1o 5.94 % mean fruit borer damage was
recorded in the two BIPM trials as against 23.52 and
12.99%, respectively, in farmers’ practice. The total yield
was also higher in BIPM (49.5 kg) compared to farmers’
practice (11.1 kg).

{iv) Effectiveness of various micraobial pesticides
and summer oil against Pieris brassicae on
kale/ knaol khol

SKUAS & T, Stinagar

Treatments including B. bassiana @ 1x10° spores/
ml, Bt (1.0 kg'ha), M. anisopliae (10° conidia/ha),
Heterorhabditis indica (2.0 billion/ha), D.C.Tron Plus
(0.75%), neem (1.0%), dichlorvos (0.05%) and check,
were evaluated against Fieris brassicae. Allthe freatments
werg effective as compared to control. Dichlorovs
proved most effective, causing 100 per cent mortality
withinten days. H. indica @ 2 billion'ha was least effective.
B. bassiana gave 71.1% mortality followed by DC Tron
plus (66.6%).

Dr.YSPUH & F, Solan

Afield experiment with Bl kurstaki (1kg/ha), DC Tron
Plug (0.075%) (summer spray oil), Achook (0.1%) and
dichlorvos (0.05%) was laid out on knol khal for the
suppression of cabbage butterfly larvae. In dichlorvos, B.
thuringiensis, Achook and summer spray il treated-plots,
reduction in larval population was 97.9, 88.1, 80.3 and
38.2% as against 35% in the control, 10 days after

b
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application. Summer spray oil at did not prove effective in
suppressing larval population, but a mortality of 80% of
neonate larvae in 72 hours was observed. Hatching was
prevented in 31.3% eggs and 19.7% larvae emerging
from the treated eggs were killed, thus total mortality was
50%. However, there was no effect on eggs with 25 and
75% embryonic development.

(v) Evaluation of some fungal biocontrol agents
for the control of cabbage aphid, Brevicoryne
brassicae

SKUAS&T, Srinagar

Various micrabial agents and other chemicals, viz,
Veerticilium lecanii @ 10" conidiafha, Beatveria bassiana
@ 10' conidiatha, D.C. Tron plus & 0.75%. methyl
demeton @ 0.025% and control were evaluated against
cabbage aphids infesting knol khol. The aphid mortality
was highest in methyl demeton (96%), followed by
D.G.Tron (87%), V. Jecanii (80%) and B. bassiana (78%]
16 days after spray.

(vi) Investigations on the potential of selected
biocontrol agents against Diaphania indica
infesting cucurbils

IIHR, Bangalore

a. Screening of pesticides against
Dolichogenidea stantoni, a parasitoid of

Diaphania indica

The toxicity of ingecticides, viz., acephate (0.75 g/l),
dimethoate (1.3 mifl}, ethion (1.0 mil}, imidacloprid (0.3
mill} and fungicides, viz., mancozeb (2.5 g}, copper
oxychloride (3.0 g/l), chlorothalonil (2.0 g/l} and
carbendazim (2.0 g/l), was evaluated against adults of 0.
stantoni. All the insecticides were highly toxic to D, stantoni
(1009 mortality] except Imidacloprid {20% mortality) 48
h affer exposure, whereas all the fungicides were safe.

(vii) Natural enemies of thrips on chillies

A survey for the natural enemies of thrips on brinjal,
chilli, tomato, cugumber, maize, onien, jasmine,
crossandra, aster and marigold was undertaken in and
around Bangalore. Two species of anthocorids, Orius
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tantillus and O, maxidentex, were collected. A natural
epizoolic of \/ Jecanii was observed on Thrips paimi,
infesting cucumber at IIHR farm, causing abaut 20 per
cent mortality.

a. Biology, feeding potential and fecundity of
Orius tantillus on thrips infesting marigold

The biclogy, feeding potential and fecundity of
O. fantillus on thrips collected from marigold were
studied under |aboratory conditions. The €gg period
was 4-3 days. The nymphal period was 13-15 days. The
adults had a mean longevity of 12.5 days (male) and
16.7 days (female}. The feeding potential of O, taniifus
was 165.7, mean fecundity 9.4 and mean longevity
12.5days.

b. Screening of pesticides against 0. tantillus

The loxicity of insecticides, viz,, acephate (0.75 g/),
dimethoate (1.3 mifl), ethion (1.0 mif, imidacloprid (0.3
mill) and fungicides, viz., mancozeb (2.5 g/l). copper
oxychloride (3.0 g/l), chlorathalonil (2,0 gfl) and
carbendazim (2,0 /) was evaluated against adults of 0.
tantillus. Per cent moriality of the adults was recorded at
1,3, 8,24 and 48 h after release. Al the insecticides were
highly foxic causing 100% mortality, but the fungicides
were found to be safe.

¢. Evaluation of Verticillium lecanii against
Scirtothrips dorsalis

Five concentrations of V. lecanii, viz, Ix10°, 1x109,
1x107, 1x10% and 1x10%spores/ml were evaluated against
different stages (first, second instars and adults) of S.
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dorsals in the laboratory. The per cent martality varied
from 8.0 to 54.4 and was signilicant in comparisan o
confrol, except in the early instar when sprayed @ 1x10°,
Spraying of the fungus @ 1x10° sporesiml recorded
maximum martality to all stages and least mortality was
at 1x10speres par ml. Maximum mortality was recorded
in the adult stage followed by late and early instars
{Table 59),

BIOLOGICAL SUPPRESSION OF WEEDS

() Monitoring, evaluation and impact
assessment of Neochetina eichhorniae, N,
bruchi and Orthogalumna terebrantis
against Eichfiornia crassipes

Existing populations of the weevils. Neochatina
eichhorniae, N. bruchi, and the mite, Crthogalumna
terebrantis, on water hyacinth were monitored at Thrissur
(KAU). Jorhat {AAL). Ludhiana (PAU), and Anand (AAU)
and also additional releases were mads, The
assessment revealed good establishment at all places
except Punjab where the insects perished due 1o the
severs winter,

(i) Survey and quantification of natural enemies
of Mimosa rubicaulis himalayana and M,
invisa

AAU, Jorhat

Mimosa  rubicaulis  himalayana {Family:
Mimosaceae) was found to ocour in about 50 ha of the

Table 59. Efficacy of V. lecanii against Scirtothrips dorsalis

V lecanticoncentration Mortality (%)

Early instar Late instar Adult
1x10° e 14.74" 21.68¢
ibaltd 20 38.02 46,14
15108 16* 44.98¢ 46.14¢
Te10f a3t 49,59 54,35
Control 0.00 0.00 0.00¢

Figuresfollowed by the same letter in a column are nat significantly different
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Table 60. Evaluation of entomopathogenic fungi against white grubs on turf grass
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Treatment Parcent marality (days afterinoculation)

14 18 22
B bassiana (localy 66.66 93.32 100:00°
B. brongriartii g3.23 86.66% 100.00°
M. anisopliae 46,56 TH.GE 96.65
Confrol 667 10.00° 10.00¢

Figures followed by the same letter in a column are not significantly different

grazing areas of Kaziranga National Park, Assam. Two
other species, Mimosa invisa inermis and M. pudica, were
alsofound. Surveys for natural enemies of Mimosa during
2004 did not reveal any, indicating the need for introducing
exolic natural enemies o manage the weed.

MICROBIAL CONTROL OF WHITE GRUBS IN
TURF

SKUAS & T, Srinagar

Three microbial agents, wz., Beauveria bassiana,
B. brongniartii and Melarhizium anisopliae were
gvaluated at a concentration of 1x 10° spores/ ml against
white grubs infesting the grass in the golf course. All the
three entomopathogens performed well against white
grubs, B. bassiana proving to be the mast effective as it
caused early mortality (Table 60).

P
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TECHNOLOGY ASSESSED AND
TRANSFERRED

Technology assessed

Bi cotion under BIPM performed better In re{‘jucing

4.0 glkg seed, NSKE 5%, Bf @ 1.0 kg/ha for barer
complex, HaNPY @ 1.5x10% POB/ha and intercrop
of maize (10% random planting] provided sigrificant
control of pod borers and Mylabris pustulata in
pigeon pea and resulted in higher yield.

[ ]
the bollworm damage and recorded higher seed Mass release technology for Goniozus nephanticis
cotton yield and naturaf enemy poputation than non- was standardized.
Bt cotton,
BIPM package (release of 7. remus @ 1.00,000/ha
o The multiple pesticide-tolerant strain of T chiloris and three sprays of SNPV @ 1.5x10POB/ha along
survived betterthanlaboratorg,rslrajninrieldssprayed with 0.5% crude sugar) contralled S, fitura an
with chemicals and recarded higher seed cotton soybean effectively,
leld.
4 Field release of Cardiastetfus exiguus @ 50/palm
o Sequential releases of Telenomus remus and reduced Opisina arenosella population significantly
Chelonus formosanus resulied in nigher on coconut.
parasilization of Spodoptera exigua and lowest o R
seeding damage In tobacco. Application of Hefeforhqb_dms indica @ 20 blll:_on
Ms per ha resulted in minimum population of white
o IPM package (Seed treatment with Trichoderma @ grubs in golf ground at Srinagar.
7. EDUCATION AND TRAINING
Training
Mame and designation Training prograrmme Dates Venue
s, M Pratheepa, Computervision and its 12-07-200 PES Coliege of Enginsering,
Scientis1 88 application 24-(7-2004 Iandya {Karnataka)
Ms. M Pratheepa, Personnel Management Information |  23-07-2004- Indian Agricultural Stafistics
Scigntfist SSand System (PERMIS nef) 24-07-200< Research Institute, Mew Dehi
Mr. S.R.Biswas,
Principal Scientist
Ir. S.R.Biswas, Metworking and ERNET 31-08-2004- National Academy of Agricultural
Principal Scientst connectivity 04-09-2004 Research Management,
Hyderabad
Dr{Ms.} Y. Lalitha, Theary and Technology of Plant 2-09-2004- Shenyang Agricultural
Technical Officer Prolection for sustainable Agricuiture|  21-09-2004 University, Shenyang, China
in 21 Century
Dr{Ms.) J. Poorani, Emerging trends in 16-11-2004- PDEC. Bangalore
Senior Scientist Biological Control 05-12-2004
Dr. P. Sreeramakumar, Biocontro! strategies for 16-11-2004- Division of Plant Pathoiogy,
Senior Scientist Management of Plant Pathogens 16-12-2004 Indian Agricuttural Research
Instifute, New Delhi
Or.TVeenkatesan, Senior Scientist] Methods and techniques of rearing | 04-12-2004- Gentre for Medical, Agricultural
of natural enemies on artificial dists | D7-19-2004 and Veterinary Entormnalagy,
USDA, Gairesville, Florida, USA
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8. AWARDS AND RECOGNITIONS

Dr. K. Srinivasa Murthy, Senior Scientist, PDEC, was
awarded the |CAR Award for Team Research for the
biennium 2001-02 for outstanding research contribution
in the field of nest managernent on 18 Octaber, 2004,

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

i, NATP funded project entitled “Team of Excellence
for Human Resource Development in Biological
Control” was extended up to 31-03-2005. The
project was operative at PDBC, Bangalore, and the
clients were scieniists from various State Agricultural
Universities, traditional universities and ICAR
Institutes. This project had linkage with all the
institutes interested n biocontrol of crop pests and
weeds,

ii. NATP funded project entitied “Validation and
promation of IPM Technology in selected crops in
different agro-ecological regions” was extended up
to 31-12-2004 and was operative at National Centre
for Integrated Pest Management, New Delhi, PDBC
was one of the co-operating centers and supplied
quality biocontrol agents to various institutions for
the control of pests of cotton, pigeonpea, chickpea,
groundnut, tomato, cabbage, mange and apple.

iit.  NATP funded project entitled, “Development of Bio-
intensive IPM modules in Chickpea against
Helicoverpa armigera, wilt and dry root rot” operated
al PDBC as coordinating centre up to 30-06-2004
and had a linkage with Indian Institute of Pulses
Research, Kanpur.

i, MNATP funded project entitied, “Control of leaf curl
viral disease in cotton and development of protocols
for mass multiplication of predators, parasitoids and
insect pathogens” operated at PDBC up to 31-12-
2004 and had a linkage with Central Institute of
Cotlon Hesearch, Nagpur.

w  NATP funded project entitled, “Development of
Integrated Pest Management Package for the
eriophyid mite {Aceria guerreronis Keifer) of coconut
in the southemn states’ operated at PDBC up to 30-

2004-2005

11-2004 and had linkage with Coconut Development
Board, Kochi.

Other sources

. Under the Technology Mission on Gotton for
Commercialization of bicagent mass-production
technologies in intensive cotton districts, Ministry of
Agriculture, DAC, PDBC had a linkage with Central
Institute of Cotton Research, Nagpur and National
Centre for Integrated Pest Management, New Delhi
(TMC MM 3.3, Cofton Technology Mission; DAC):

ii. DBT funded project entitled “Development of
biocontrol strategies for the management of the
sugarcane woolly aphid, Ceraiovacuna lanigera’
has been operative at PDBC, for a period of three
years from 01-04-2004 in collaboration with
University of Agricultural Sciences, Dharwad, and
College of Agriculture (MPKV), Pune.

i, "Classical biological control of Mikania micrantha
with Puccinia spegazzinii’ for a period of three years
inlinkage with CABI, London {UK), Assam Agricultural
University, Jorhat, and Forest Research Institute,
Peechi.

Voluntary Centres

Developed linkages for conducting crop-based
multi-locafion trials with organizations like Regional
Research Station (CCSHAU), Karnal, for sugarcane;
University of Agricultural Sciences, Dharwad & Regional
Agricultural Research Station (UAS (D)), Raichur, for
cottan and groundnut; National Research Centre for
Soybean, indore, for soybean; Regional Station (CPRI),
Ooty, for potato; National Research Centre for Weed
Science, Jabalpur, for the biological suppression of
parthenium and Vasantadada Sugar Institute, Pune, for
sugarcane.

10. AICRP/COORDINATION UNIT / NATIONAL
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

(5AUs)-based coordinating centres based on

infrastructural facilities and expertise available as follows:
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Headquariers
Project Directorate of Biological Control, Bangalore Basic Research
ICAR Institute - based centres
Regional Station (CPCRI), Kayangulam Coconut

Central Tobacco Research Institule, Rajahmundry

Tobacco, soybean

Indian Agricultural Research Institute, New Deli Basic Resaarch
Ingian Institute of Harticultural Research, Bangalore Frutts & vegetables
Indian Institute of Sugarcane Research, Lucknow Sugarcane
Sugarcane Breeding Institute, Coimbatore Sugarcarie

State Agricultural University - based centres

Assam Agricultural University, Jorhat

Sugarcane, pulses, rice and weeds

Acharya N.G RangaAgricultural University, Hyderabad

Sugarcans, cotion and vegetables

Govind Ballabh Pant University of Agriculture and
Technology, Pantnagar

Plant diseasa antagonists

Gujarat Agricuitural University, Anand

Cotton, pulses, cilseeds, vegetables & weeds

Kerala Agriculiural University, Thrissur

Rice, coconut, weeds, fruits and cocenut

Mahatma Phule Knshi Vidyapesth, Pune

Sugarcang, cotton, soybean and guava

Punjab Agricultural University, Ludhiana

Sugarcane, cotton, oilseeds, tomato, rice and weeds

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

Temperate fruits and vegetables

Tamil Nadu Agriculiural University, Goimbatore

Sugarcane, cotton, pulses, and fomaio

DrY.S.Parmar University of Horticulture &
Forestry, Solan

Fruits, vegetables and weeds

11. LIST OF PUBLICATIONS

Research papers published in refereed scientific
journals

suppression of Chromolaena odorata |Asteraceas).
Journal of Biological Contral, 18 (2); 111-120.

Hussaini, §.5., Nagesh, M. and Shakeela,V. 2004, Selection for
high temperature in some native Steinernema and
Heterorhabdilis species. Indian Journal of
Nemaloiagy, 34 (2): 185-182

Project Directorate of Biological Control,
Bangalore

Bhurannavar, B.S.. Ramari, S., Rajeshwari, S.K. and Chaubey,
B.K. 2004. Host specificity tests and biology of
Cecidochares connexa (Macquart) (Diplera:
Tephritidae) infroduced info India for the biclogical

Hussaini, 5.5., Nagesh, M., Rajeshwari, R. and Dar, M.H, 2004
Fomulation of host cadavers infected with indigenous
Heterarhabattis spp. (Nematoda: Helerorhabditidae,
Rhabditida) isolates. Entomon. 29(4): 1-6.
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Hussaini, §.5., Magesh, M., Rajeshwari, R, and Dar, MH, 2005,
Effect of antidesiccanis an survival and pathogenicity
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wead pathogens, pp. 53-59. In: Quarantine
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Das, D.J., Basit, A, Bhattacharyya, B., Saikia. K. and Boruah, D.
2004. Trichogramma Mojakhowa Puk Niyantran Ek
Prachan Ahila (In Assamese).

Indian Institute of Horticultural Research,
Bangalore
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Pest Management of Horlicultural, Spices and
Plantation Grops (ed, B.S. Chillar, VK. Kalra, §.5.
Sharma and Ram Singh). Compendium of Advanced
Training organized by Centre of Advanced Studies in
Entomology, €CS Haryana Agricultural University,
Hisar, December 21, 2004 — January 10, 2005.

Gupta, PR, 2005. Advancesin Integrated Pest Management of
stane and nut fruits, pp. 43-48. In: Advances in the
Integrated Pest Management of Horticullural, Spices
and Plantation Crops (ed. B.S. Chillar, V.K. Kalra,
S.5. Sharma and Ram Singh). Compendium of
Advanced Training organized by Centre of Advanced
Studies in Entomelogy, CCS Haryana Agricultural
Universily, Hisar, December 21, 2004 — January 10,
2005,

Gupta, PR, and Gupta, D. 2004, 'Faidar paudhon aur sabjiyon
mein hanikark keeton kee roktham ke liye rasaynik
keetnashion ke jaivik aur paryavaran mitter vikalap',
p. 32-37, In: “Jal Pradushan niyantran hetu knishi
rasaayanan, khaadaon ke paryaavarn-mittar vikalp
{eds. H.R. Gautam and C.L Jandiak), Dr Y. 5. Pammar
University of Horticulture and Forestry, Nauni, Salan.

College of Agriculture, Mahatma Phule Krishi

Vidyapeeth, Pune

Galande, S.M., Mote, U.N, and Ghorpade, S.A. 2004. Aleafleton
“Management of Sugarcane Woally Aphid” (in Marathi),

Galande, S.M., Mote, U N. and Ghorpade, S.A. 2004. Biclogical
control of crop pests (in Marathi), in special issue on
biopesticides, GOTAWA' July, 2004, pp, 37-39.

Galande, SM,, Mote, UN. and Ghorpade, S.A. 2004, Management
of grapeving mealy bug with Cryplofaernus sop.’ In:

Special issue on biopesticides, ‘GODAWA' July 2004,
pp. 51-63,

Sugarcane Breeding Instiiute, Coimbatore

Mukunthan, N., Srikanth, J. and Singaravelu, B. 2004. Sugarcane
Woolly Aphid and its Management. Extension Booklet,
Sugarcane Breeding Institute, Coimbatore. 7p.

Srikanth, J, 2004, Cheraku pairulo ihefla penu samasya - samagra
sasyarakshana, [White woolly aphid problem in
sugarcang: integrated crop protection) (in Telugu).
Eenaadu Dafly, 26 March 2005.

Extension Publications

Punjab Agricultural Univeristy, Ludhiana

Brar, K.S., Maninder, S. and Singh J. 2004, Gannag De Hanikark
Kirhian Dee Sarvpakhi Roktham. Changi Kheti
39(6): 8-10

Brar, K.S., Maninder, S. and Virk, J.5. 2004, Gannae De Hanikark
Kirhian Tor Roktham Lai Sarvpaktil WiontwanaiAtee
daroon, Sach Kahoon Sept. 30 & Oct.7, 2004,

Kaur, 8., Deol, G.5. and Brar, K.S. 2004, Surafmukhi De Kirhian
Dae Sarvpakhi Aoktham. Sach Kahoon Sept. 2, 2004,
P

Kaur, 8., Deol, G.8. and Brar, K.S, 2005, Surajmukhi De Kirhian
Dee Sarvpakhi Roktham. Changi Khetid0{2): 15.

Sohi, A.S., Dhawan, AK., Brar, K.5. and Virk, J.5. 2004, Narme
Ate Kapah Oe Hanikark Kirlian Dee Saripakhi
Roktham. Chang! Kheti 39(6), 28-29,

12. LISTOF APPROVED ONGOING PROJECTS
Basic Research

Project Directorate of Biological Control,
Bangalore

1. Biosystematic studies on predatory coccinellids
2. Biosystematic sludies on Indian Tachinidae

3. Introduction and studies on exctic natural enemies

of some important crop pests and weeds
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4. Development of interactive identification key for
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13.
14,

15.

17.

18,

important families of insect parasitoids and predators

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

Studies on hiological control -of sugarcane woolly
aphid

Mass production and field evaluation of Micromus
sp.

Development of novel mass production, slorage and
packaging technigues for Cryptolaemus
monirauziert

Herbivore-induced plant synomones and their
utilization in enhancement of ihe 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
Spodoptera fitura in tomato

Evaluation of fungal pathogens against onion thrips

Identification of effective entomofungal pathogens
for the management of sugarcane woolly aphid

Efficient tormulations of Trichederma sp. and
entomofungal pathogens with prolonged shelf-life

|dentification of Trichoderma isolates with enhanced
biocontrol potential

[solation, charactenization and toxicity testing of
indigenous Bt strains against lepidopiaran pests

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

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

20.

a1.

22,

23.

24,

25,

26,

DIRECTORATEOFBIOLOGICAL CONTROL

Identification of pathogens of phytophagous mites
and assessment of their potential in microbial
control

Development and evaluation of improved straing of
trichogrammatids. Cheilomenes sexmaculata and
Chrysoperla carnea folerant to inseclicides,
temperature and high host searching ability

Development and formulation of artificial diets for
the rearing of coccinellids and anthocords

Development and evaluation of artificial diets for
Opisina arenosefla and Plutella xylostella and
studies on host-parasitoid interrelations

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

Development of national information system on
biological suppression of crop pests

Developing & database on microbial biccanirol
agents

NATP Funded Projects at Projest Directorate of
Biological Control, Bangalore

e

Team of Excellence for Human Resource
Development in Biological Control (up to 31-03-
2005)

Validation and Promotion of IPM Technology in
Selected Crops in Different agre-ecological Reglons
(31-12-2004)

Development of Bio-intensive IPM madules in
Chickpea against Helicoverpa anmigera. wilt and
dry root rot (RPPS-7) (up to 30-06-2004)

Control of leaf curl viral disease in cotton and
development of protocals for mass multiplication of
predators, parasitoids and insect pathogens (up to
31-12-2004)

Development of Integrated Pest Management
Package for coconut eriophyid mite (Aceria
guerreronis Keifer) in the southern states (up to 30-
11-2004)
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& Improvement of formulation technology for
entomopathogenic nematodes (up o 31-12-2004)

7. lIsolation of baculoviruses from larval Arctiidas
(Lepidoptera) and standardization of mass
production  technigues  for  promising
entomopathogenic strains (up to 31-12-2004)

Other sources

1. Commercialization of hivagent mass-production
technalogies in intensive cotten districis (TMC MM
3.3, Cotlon Technology Mission; DAC)

2. Evolving and testing supenor strains of Steinermema
sp. and Heterorhabditis sp. against Spodoplera litura
in field (ICAR-Cess)

3. lIsolation, purification and characterization of novel
insecticidal toxins from Photorhabdus fuminescens
and Xenorhabdus spp. of bacteria from
entomopathogenic nematodes (DBT)

4. Development of biocontrol strategies for the
management of sugarcane woolly aphid,
Ceratovacuna lanigera (DBT)

5. Classical biological conirol of Mikania micrantha
with Puceinia spegazzini (CABI)

6. Development of commercial formulation of
antagonistic fungi (Paecilamyces filacinus and
Verticifium chiamydosporium) for biclogical control
of Meloidogyne incognita and Rotylenchufus
reniformis (ICAR-Cess fund)

Indian Agricultural Research Institute, New Delhi

1. Basic studies and maintenance of Bacillus
thuringiensis strains

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

Applied Research

Biological control of plant diseases using
antagonistic organisms

1. Evaluation of seed biopriming with Trichoderma
harzianum (TH) and Pseudomonas fluorescens

Annual Report
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(PsF) and TH enriched FYM technologies {GBPUA
&T, PAU, GAU)

Evaluation of Trichoderma spp. against soil borne
diseases in chickpea (PAL)

Evaluation of Trichoderma spp. against soil bome
diseases in groundnut (GAU}

Management of foliar diseases using TH and/or PsF
{GBPUA & T and PAL}

Shelf-lite of Trichoderma andior Pseudomonas
tormulations with different moisture levels (PDBC)

Biological suppression of sugarcane pests

1.

Survey and surveillance of woolly aphid and its
natural enemies {IISR, SBI, MPKY, AAU, CCSHAU,
FAU, TNAU and ANGRALY)

Survey for current status of sugarcane woolly aphid
and its natural enemies including siatus of alternate
host plants (TMAU)

Influence of crop management practices on
sugarcane woolly aphid and its natural enemies
(ANGRAU, TNAU and MPKV}

Evaluation of potential nalural enemies of SWA
[ANGRALL, TNAU, MPKY and UAS (D))

Method of mass production of Dipha and Micromus
(ANGRAU and MPKY)

Evaluation of fungal pathogens against sugarcane
woolly aphid (TNAU, MPKY, ANGRAU and UAS (D))

Colonization of Encarsia flavoscutefium (TNAU)

Big-intensive pest management practices for
sugarcane scales (MPKV and CCSHAL)

Maintenance and supply of Epiricania melanoleuca
for use against Pyrifta perpusifla (1SR, PAU and
CCSHAU)

. Field evaluation of Trichegramma chifonis against

Chila tumidicostalis (PAU & AAL)

. Field evaluation of Trichogramma japonicum against

Seirpophaga excerplalis (ISR & PAU)
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12. Efficiency of EPN, Heferorhabditis indica in
centrolling white grubs in sugarcane (CCSHAU)

Biological suppression of cotton pests

1. BIPM for Bt cotton (ANGRAU, GAU, TNAU and
MPKV)

2. Evaluation of pesticide-tolerant strain of
Trichagramma chifonis on cotton (PAU, UAS (D),
Raichur and GAU)

3. Standardization of the release technology for
Trichogramma chifonis for bollwemms (GAU and PAU)

4. Influence of cotton cultivars / hybrids on the
parasitization efficiency of Trichogramma chiloris
(GAU and PAU)

5. Field trial on the use of kairomones to increase the
efficiency of chrysopids and trichogrammatids
against cotton insect pests (UAS (D))

Biological suppression of tobacco pests

1. Biological Control of Helicoverpa armigera on
tobacco (CTRI)

2. ldentification and utilization of biocontrol agents for
ihe management of Spodoplera exigua (CTRI)

Biological suppression of pulse crop pests

1, Survey for natural enemies of pigeon pea seed
weevil, Apion clavipes (AAU)

2, Biological control of pigeonpea cyst nematodes and
disease complex (TNAU)

3. Evaluation of BIPM package on soybean {CTRI)

4. Microbial control of H. armigera and Adfsura
atkinsoni on lablab (GAU)

5. IPM demonsiration on pigeonpea (GAU}

6. Evaluation of EPN against Mylabris pustulala and
lepidopteran pod borers in pigeonpea (GAU)

Biological suppression of rice pests

1. lsolation of fungal pathogens from rice ecosystem
{AAU, KAl and PAU)

2. Search for Trichogramma spp. and other egg
parasiteids of rice hispa (AAL)

PROJECT DIRECTORATE OF BIOLOGICAL CONTROL

3. Development of biointensive IPM for rice stem borer
and disease management (AAU)

4. Evaluation of Trichogramma japonicurn against the
rice leaf folder (AAU, KAU, and PAU)

5. Evaluation of fungal pathogens on sucking pests of
rice (KAU and AAL)

6. Impact of organic farming on conservation and
augmentation of natural enemies of rice pests (PAU
& KAL)

Biological suppression of oilseed crop pests

1. Biological control of the aphid, Lipaphis erysimi, on
mustard} (GAU & PAU}

Biological suppression of coconut pests

1. Evaluation of methed of release of Gomozus
nephantidis against O. arenoselia (KAU)

2. Field evaluation of Cardiastethus exiguus against
0. arenosella (PDBC and KAU)

Biological suppression of tropical fruit crop pests

1. Evaluation of Trichogramma chilonis against
pomegranate fruit barers, Deudorix spp. (IIHR and
DrYSPUH & F)

2. Integration of T chifonis with 8t for the contral of
pomegranate fruit barer, Deudorix fsocrates (|HR)

4. Colonization of Encarsia guadeloupae on spiraling
whitefly in guava orchards (IIHR, MPKY and KAL)

4, Efficacy of different formulations of Verticitium lecanit
against the mealybugs, Planccoccus citrr and
Maconelficoccus hirsulus (IIHR)

5. Field efficacy of Metarhizium anisopliae againsi
mango hoppers (IIHR)

§  Evaluation of Bagillus thuringiensis against
pomegranate fruit borer (IIHR)

7. Survey for natural enemies of fruit flies in guava and
mango (IIHR)

8. Demonstration of biclogical control of mealybugs
on grapes (IIHR and MPKV)
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Evaluation of Btformulations against citrus leaf miner
(IHR)

Biological suppression of temperate fruit crop
pesis

1.

Quantification of natural incidence of parasitoids of
San Jose scale on apple for fixing the release rates
(SKUASKT and Dr, YSPUH&F)

Datermination of the current status of San Jose
scale, woolly aphids and their natural enemies on
apple (SKUASAT & YSPUH & F)

Microbial centrol of white grubs in turf (SKUASAT)

Sludies on predators of phytophagous miies on
apple (YSPHUH & F}

Biological suppression of vegetable crop pests

1:

& ;o W

10.

. Evaluation of Verticilium lecani against chilli thrips '

12.

BIPM in tomato (PAU and YSPUH&F)

Fixing the dose of NPV for the management of
Helicoverpa anmigera on tomato (PAU and TNAU)

BIPM for brinjal fruit and shoot borer (ANGRAU)
Biological control of insect pesis of okra (IIHR)
Biological control of cruciferous crop pests (GAU)

Biological control of cabbage aphid, Brevicoryne
brassicae, on cole crops (Dr.YSPUH & F)

Effectiveness of microbial pesticides and summer
oils against Pieris brassicae on kalefknol-khol
(SKUAS & T and Dr. YSPUH & F)

Evaluation of some fungal bio-contral agents for the
control of cabbage aphid (Brevicoryne brassicae)
(SKUAS & T and YSPUH & F)

Investigations on the potential of selected biocontrol
agents againgt Diaphania indica Infesting cucurbits
{IIHR)

Evaluation of Orius spp. against chilll thrips (ITHR)

(IIHR)

Evaluation of EPN against Leucinodes orbonalis
infeting different vaneties of egg plant (IIHR}

14.
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Atternpts at isolation of nuclear polyhedral virus from
tent caterpillar and Presis brassicae (SKUAS & T)

Biological suppression of weeds

T

13

14.

Menitoring, evaluation and impact assessment of
Neochetina eichhorniae, N.  bruchi  and
Orthogalumna terebrantis against Eichhornia
crassipes (AAU, GAU, KAU and PAU)

Menitoring, evaluation and impact assessment of
Cyriobagous salviniae against Salvinia molesta
(KAU)

Menitoring, evaluation and impact assessment of
Zygogramma bicolorata against parthenium (GAU
and YSPUH & F)

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

CONSULTANCY, PATENTS, COMMERCIA-
LIZATION OF TECHNOLOGY

Consultancy service was arranged for EAG and GC-
MS analysis of samples received from various
organizations

Quality biocontrol agenis were supplied fo different
research and developrment departiments of central
and stafe governments

Patent applied for a novel technigue to stare Corcyra
cephafonfca eggs at low temperature for
Trichogramma production on 277 September 2004

MEETINGS HELD AND SIGNIFICANT

DECISIONS MADE

Ninth Research Advisory Commitiee Meeting held
on 12" October 2004

Recommendations

1,

Efforts may be made to use molecular techniques in
the taxonomic studies of biocontrol agants, wherever
applicable, Possibiliies of using molecular toals n
the identification of parasitoids and predators
released in the field may be explored
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Efiorts may be made to mechanize or semi-automate
the production of natural enemies in order o reduce
drudgery

Research on packing and transport for selected
biocontrol agents may be further intensified

The safety of Crocidolomia binotafis NPV to
beneficial insects and the field efficacy of the
baculoviruses on pests of cabbage and caulifiower
may be studied

Effect of hormone freatment of larvae on the yield of
NPV may be studied

Trichoderma-Paecilomyces formulations in organic
substrates may be evaluated for the management of
nematode-fungal disease complex

A technical bulletin highlighting the research findings
on Hirsutella thompsonii against the coconut
eriophyid mite may be brought out

In the new research project proposal on
development of formulations of Trichoderma and
entomofungal pathogens with prolonged-sheif life,
only T viride, T. harzianurm, M. anisophiae, N, riley!
and B. bassiana may be included

Inthe projecton identification of Trichoderma isolates
with enhanced biocontrol potential, strains/isolates
from other institutions/centres may also be evaluated

Since Parihenium continues to be a national
concern, PDBC should take up Parthenium
biological control programme as parl of institute
project. The possibilities of mass-producing
Zygogramma on a semi-synthetic diet may also be
explored

. Possibilities of biocontrol of Crobanche and Striga

may be explored

. In the software being developed on biocontrol

measures for different crops using PC, & note on
precautions for conservation of naiural engmies may
also be included

PDBC may aggressively promote the distribution of
all CDs containing electronic literature to different
stakehalders 1o popularize biological control

14. The HRD programme proposed under the X plan
may be pursued with the council

15. Large number of biocontrol technologies have been
developed and field-validated, but still the uptake of
biocontrel agents is poor. There is an urgent need
lo increase the awareness among farmers and
thereby create demand. The RAC suggested to
organize a village level production programme for
Trichogramma in a selected location with local
involvement of cluster groups of unemployed
educated youth/farm wamen in collaboration with
K\Ks and NGOs. These centers wil take up anly
Trichogramma production. Corcyra eggos will be
supplied from the centralized sources.

16. In order to create awareness on biclogical control,
each AICRP centre on biological control may be
asked to organize an awareness campaign through
field days, mefas, etc.

Interactive Meeting between the Chairman, QRT,
and IMC of PDBC on 14" September 2004

The Chairman, QRT, had an Interactive meeting
with IMC Members of PDBC on 14-09-2004, The
Chairman explained the various recommendations made
by the QRT far the sound functioning of the PDBC along
with AICRP with a view to achieve the goals based on the
mandate given.

The IMC  Members appreciated the
recommendations and found them meaningful and
emphasized the need for consideration by the Counail
based on the comments expressed by the Project
Director, PDBC.

Staff Research Council Meeting

The Staff Reseach Council Meeting was held
on 26" May 2005 under the Chairmanship of Dr.
R.J Rabindra, Project Director. The specific
recommendations/comments for taking further action
were as follows:

1. Action should be taken for commercialization of
strains following ICAR regulations

2. The efficacy of T japomcum against rice leaf folder
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must be studied immediately and results may be
submitied before May 2004

3. The comparative efficacy of Trichogrammatoidea )

hactrae and T. chilonis against pink bollworm should
be studied in the laboratory

4. Siudy should be initiated on the long term storage of
Trichogramma

5 Improved methods of release of Trichogramma may
be developed

8. Efforts to collect natural enemies from areas of low
pesticide use particularly NE region and biodiversity
rich areas should be made. Acess fund project may
be proposed to cover this subject

Institute Management Committee Meetings

The first meeting was held on 24" Apnl 2004 and
the proposal for the purchase of two walk-in chambers
(with temperature and humidity confrol} costing
Rs.7 60,000/~ was approved in lieu of the sunset CPS
maching (Rs.5,10,000/) and double-ended autoclave
approved in X Plan EFC as these equipments were
purchased in lateral funded projsct.

The second meeting was held on 14" September
2004 and the following recommendations were made.

All the members apprecialed the recommendations
given by Fourth GQRT and felt these needed to be
considered by the Council after taking into consideration
the comments expressed by the Preject Director.

The Committee recommended the inclusion of
Bangalore Baptist Hospital, Hebbal, Bangalore; Narayan

Nethralaya, Rajajinagar, Bangalore; Bangalore Mahaveer
Jain Hospital, Millers Read, Bangalore; Hosmat Hospital,
Magrath Road, Bangalore; Narayan Hridyalaya Pvi Lid,
Hosur Read, Bangalore and 4 diagnostic centers which
are under the CGHS in addition o the hospitals
recognized by the IGAR, provided they agreed for the CGHS
rates.

15. PARTICIPATION OF SCIENTISTS IN
CONFERENCES, MEETINGS,
WORKSHOPS, SYMPOSIA, etc. IN INDIA
AND ABROAD

Project Directorate of Biological Control,
Bangalore

International

Dr(Ms.) Y. Lalitha, Technical Officer, was depuled
to Shenyang Agricultural University, Shenyang, China, for
an International training course on “Theory and
Technology of Plant Protection for sustainable Agriculiure
in 21% Century" from 2 to 21% September 2004,

Dr.T.Venkatesan, Senior Scientist, was deputed to
Centre for Medical, Agricultural and Veterinary
Entomology, USDA, Gainesville, Florida, USA, foratraining
programme on “Methods and technigues of rearing of
natural enemies on artificial diets" from 4™ to 27"
December 2004.

Dr.Arun Baitha, Scientist S8, Indian Institute of
Sugarcarie Research, Lucknow, was deputed o EPICA,
Matanzas, Cuba, for training in the latest technology in
the field of biological control from 7% March fe'21* March
2005,
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Scierfist Narme of the Symposium / Workshop / Meeting participated in Place & Duration
DrR.J.Rabindra 5" meeting of the Bioscience Sub-Group of ICWE 6" April 2004 at
IAR1, New Delhi,
Brainstorming Session 22" and 23" April, 2004 at
NASC Complex, New Delhi
Meeting called on Biotechnalagy programmes 28" May, 2004, at
Andhra Pradesh
Metherands Biotechnology
Unit, Hyderabad
Review workshop on IPM organizad by the NATP 247 June, 2004 at
UAS, Dharwad
Biological control of coconut eriophyid mite organized by the NATP 28" June, 2004 at
TNAU, Coimbatore
Directors' Conference of ICAR institutes 14-16 July 2004 at
NASG Complex, 14R,
New Delhi,
Expert Group for simplfication of quidelines for 25" August, 2004 a1 CIL,
registration of bio-pesticides Faridabad
Finalizing network projects 2M Septamber, 2004 KB,
Mew Delhi
Twelfih Project Approval Committae (PAC) Meeting of 3" September, 2004 at
Technotogy Mission on Gosanut Kera Bhavan, Kachi
AICRP workshap on Sugarcane 27" October 2004 at
UAS, Dharwad
188" Gaverning Body Meeting of the ICAR 3% November 2004 in
NASC Complex, New Delhi
Haview Mission Meating of the World Bank alled by the NATP 277 November 2004, 1ARI,
New Delhi
Directors'Workshop on Commercialization of Agricultural Technologies [ 30" Novembar - 39
December 2004 &t
NAARM, Hyderabad.
DrA.J.Rabindra Xl Biocentrol Workers' Graup Meeting on 21-22 May, 2004, PDBC,
Dr.PL.Tandon Binlogical control of crop pests and weeds Bangalore
DrK.Narayanan
Dr.8.5.Hussaini
DrB.S.Bhumannavar
DrN Bakthavatsalam
Dr.C R Ballal
Dr.5.Ramani
Dr.S.K.Jalali
Dr.B.Ramanujam
Dr.Prashant Mohantaj
Dr.M Nagesh
Dr.K.Veenakuman
Dr TVenkatesan
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Dr.d.Poorani
Dr.P.Sreeramakumar
MrSunil Joshi
Drk.S Murthy
Ms.M.Prathespa
DrP.L.Tandon Sensitization-cum-training workshop for the 17" & 18" March 2004 at
PME Cells inthe ICAR Institutes NCAE &PR, New Delhi
Meeting on Vision 2020 and Perspective Plan of PDBC & NCIPM 17" and 18 May 2005 at
NCIPM, New Delhi
Pra-publication Workshop on organic farmin g-ecologically 26" August 2004 at
-sustainable altematives to conventional agriculture Centre for Environment
Education, Bangalore
Dr.K.Narayanan National Symposium on Biodiversity and 39 & 4% February 2005 at
Dr M Mani Insect Pest Management Loyola College, Chennai
DrSK.Jalali
Dr.N.S.Rao Annual Review meeting on Cotton Mission Mode (MM 3.3} project 25" Jurie 2004 at CICR,
Nagpur
Review Workshop on Cotton Mission Mode (MM 3.3) project 2 Navernber 2004 at [ARI,
Mew Dalhi
National Workshop an Commercialization of Agncultural Technelogies | 30" November to 3*
December 2004 at NAARM,
Hydarabad
Dr.5.8 Hussaini National Symposium on *Paradigms in nematological research 175-19" November 2004 at
DM Nagesh far biocynamic fanming” LUAS, Bangalore
DrN.Bakihavatsalam National Seminar on “Importance of Insest Growth Regulators and 11" January 2005 at

Natural Products in IPM"

St Joseph's College,
Kelikodu

Brainstorming session en the management of insect pests of cashew

8" June 2004 at NRC for
Cashew, Puttur

Dr.Chandish R.Ballal

National Seminar on “Operational Methodology and Package of
Praclices in Organic Farming”

7"1g 9" October 2004 at
LIAS, Bangalare

Dr.TVenkatesan First Indian Horticultural Congress-2004 §"-8" November 2004 at
IR, New Dalhi
Dr.5.Ramani Inde-LIS Joint Intemational Workshap on Biodiversity Informatics - 4" December 2004,
Dr.J.Poorani NCL, Pune
DrP Sreeramakumar Workshop on “Management of efiophyid mite on coconut” 298 June 2004, TNAL,
Coimbatore
National Seminar on* Emerging trends in Plani Pathology and 7" - B" March 2005,
their Social Relevance” Annamalal University,
Annamalainagar
Drk. L Snvastava National Symposiuman *Pesticides: Myths, Realiies and 14~ 3 Decernber 2004 at
Remedies” and Pesticida Expo 2004 AR, New Delni
DrPM.Gangavisalakshy | National Warkshap on“Biocontrol of Aquatic Weeds— 47 September 2004,
A Threat or Baon in Disguise” MPUAT, Udaipur
Dr.J. Srikarith 86" Annual Convention of Sugar Technologists Association of India 14" - 16" August 2004,

STAI, Chandigarh
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16. WORKSHOPS, SEMINARS, SUMMER
INSTITUTES, FARMERS' DAY, efc.,
Organized at PDBC

e |nstitute Management Commitiee meeting: 14" April
and 24" September 2004,

e Interactive Meeting with Biopesticide Producers: 19"
& 20" May 2004

e Xl Biocontrol Workers' Group Meeting: 21* & 22
May 2004

e Work Group Meeting on Biolpgical Control of
sugarcane woolly aphid: 2277 June 2004

e  Scientific Research Council Meeting: 9" July 2004

® Ninth Research Advisary Committee meeting: 12"
October 2004

& Symposium on Biological Contral of Pests of
Horticultural Crops: New Thrusts: 18" March 2005

Anti-Terroism Day on 21% May 2004
ICAR Foundation Day on 167 July 2004

17. DISTINGUISHED VISITORS
Project Directorate of Biological Control,
Bangalore

Dr. J.C. Katyal, Deputy Director General (Education).
ICAR, New Delhi, on 8" September 2004

Sri Gautam Basu, Additional Secretary & Financial Advisor,
DARENCAR, New Delhi, on 27" October 2004

Dr. Gautam Kalloo, Deputy Director General {Crops &
Horti.}, ICAR, New Delhi, on 26 January 2005

18. PERSONNEL

Project Directorate of Biological Control,
Bangalore

Dr.R.J.Rabindra Project Dirgctor

Dr.P.L.Tanden Principal Scientist
Or K Narayanan Principal Scientist
DrM.5.Rao Principal Scientist

\r.S.R.Biswas
Dr.S.S.Hussaini
Dr.B.S.Bhumannavar
Dr{Ms.JK. Veena Kumari
Dr.Prashanth Mohanrg|
Dr.B.Ramanujam
Dr.N.Bakthavatsalam

Principal Scientist
Principal Scientist
Principal Scientist
Senior Scignlist
Senior Scientist
Senior Scientist
Senior Scigntist

Dr.5.Ramani Senior Scientist
Dr.(Ms.)Chandish R.Ballal Senior Scientist
Dr.M.MNagesh Senior Scientist
Dr.S.K.Jalal Senior Scientist
Dr. T-Venkatesan Seniar Scientist
Dr{Ms.}J.Poorani Senior Scientist
Dr.P-Sreerama Kumar Senior Scientist
DrK.Srinivasa Murthy Senior Scientist
Mr.Sunil Jashi Soientist 55

Mr.R.Rangeshwaran Scientist S5

Ms.M.Pratheepa Scientist 38

Central Plantation Crops Research Institute,
Regional Statien, Kayangulam

Dri{Ms.} Chandrika Mahan Senior Scientist

Central Tobacco Research Institute, Rajahmundry

Scientist 5G
Scientist S8

Mr.S.Gunneswara Rao
Dr.P.Venkateswarlu

indian Agricultural Research Institute, New Delhi

Dr.K L. Srivastava Principal Scientist

Indian Institute of Horticultural Research,
Bangalore

Dr.M.Mani Principal Scientist
Dr.A Krishnamoarthy Principal Scientist
Dr. (Ms.) P. N. Ganga Visalakshy Senior Scientist

Indian Institute of Sugarcane Research, Lucknow
Dr.Arun Baitha Scientist 55
Sugarcane Breeding Institute, Coimbatore
Dr.J.Srikanth Senior Scientist
Assam Agricultural University, Jorhat

Dr.A Basit
Dr.D.K.Saikia

Principal Scientist
Senior Scientist
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Acharya N.G.Ranga Agricultural University,
Hyderabad

Dr.A.Ganeswara Rao
Dr.5.J.Rahman

Principal Scientist
Senior Scientist

Govind Ballabh Pant University of Agricuitural
Sciences & Technology, Pantnagar

Dr.U.5.Singh Professor

Anand Agricultural University, Anand

Dr.D.N. Yadav Principal Research Scientist
Dr.B.H.Patel Associate Research Scientist
Mr.J.J.Jani Assistant Research Scientist

Kerala Agricultural University, Thrissur

Dr.(Ms.)
S.Pathummal Beevi
DriMs.) K.R. Lyla

Mahatma Phule Krishi Vidyapeeth, Pune Centre

Dr.5.A Ghorpada
Dr.D.5 Pokharkar

Assaciate Professor
Associate Professor

Entomalogist
Assistant Entomologist

Punjab Agricultural University, Ludhiana

Dr.5.Maninder

Shri. Jagmohan Singh
Dr. Neelam Joshi
Ms.Ramandeep Kaur
Dr.J.S.Virk

Entomologist

Assistant Entormologist
Assistant Microbiologist
Asslstant Entomologist
Assistant Entomologist

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

DrAbdul Majeed Bhat — Associate Professor

Tamil Nadu Agricultural University, Coimbatore

Professor
Associate Professor

Dr.R.Balagurunathan
Dr.N.Sathiah

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

DrP.R.Gupta Senior Entomologist

Annual Report
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Dr:Anil Sood Assistant Entomologist

19. INFRASTRUCTURAL DEVELOPMENT
Equipments

The infrastructural facilites were strengthened and
equipments like sun-test machine, portable refrigerated
gontainer, updated image analysis system, autoclavable
fermentor, inverted phase microscope, myccharvester,
ultrasonicator, water purification system, UV
transilluminator, orbital shaking incubator, walk-in-
incubator, metallic fume chamber and other
miscellaneous items costing Rs.53,00,000/- were
procured during 2004-05,

Library

The library has a collaction of 1,692 books, 1154
volumes of journals, 49 bulleting and several
miscellaneous publications including several reprints on
various aspects of biclogical 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.

Insect Reference Collection

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

Buildings

An amount of Rs.131,00,000/- was deposited with
Central Public Works Department, Bangalore, for the
construction of quarantine laboratery, glass houses, firsi
floor on the existing pathology laboratory and for farm
development (compound wall, entrance gate, 100 kv
substation, steet lights, borewells, farm house, implement
shed, glass house, efc.),

g7
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20. EMPOWERMENT OF WOMEN
Training programmes organized
During 2004-05, the participation of women in different training programmes was as follows.

Institute training programmes (Mass production of
guality biocontrol agents, 7-10 days duration) 4 participants

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

1. Biclogical control of crop pests and weeds 4 participants
in different cropping systems  (one month duration)

2. Emerging trends in biological control {21 days duration) 6 participants

3. Mass production of quality bioagents — unemployed graduates 1 participant

4, Refresher course on mass production of EPNs (§ days duration) 7 participants

Impact analysis of the training programmes conducted showed that there was improved awareness among the
women trained.
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Tamil Nadu State Agriculture Minister visiting PDBC stall during Agri-index exhibition-2005-Coimbatore




